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Preface

After finishing my studies in Civil Engineering 2004, | took some time off to think what |
wanted to do next. Working on my final researchjggbhad been so much fun that | could
not imagine what would be the nicest job to dorafseds. In the end, the answer was
straightforward, continue doing research, prefgraiol a PhD project. Fortunately, there was
a PhD position available at the Transport and liagisection of the TU Delft, for which |
was accepted. The subject was almost a seamldes4gb on my final research project,
featuring Advanced Driver Assistance Systems andrac

Those are the facts that led to this PhD thesis.vBiat can be much more fascinating than
facts are stories. That is why | would like to tgdu a brief story about how | ended up doing
this research, focusing on the role transport teldgy played in my education and career.
While my research had to do with automobility,@ems that the choices | made, that finally
led to this thesis, had a lot to do with aviatiGetting curious? Read on!

One of the first occasion in which | got in touclthwtransport technology was when | was
two years old and on my way to a summer holidagpain. | don’t remember anything of it,
but it is said that | was singing on the airplaMy parents did not own a car, were not
looking forward to long journeys by bus or traindaair travel was not too expensive, So our
main mode for holiday travel was flying. At leasstat is how they rationalized it: | am pretty
sure that their (and particularly my father’s) fastion for aviation played a large role in
their decision. During holidays and weekends weroftycled to the runways of Schiphol
Airport, and closely watched airplanes taking oftidand.

As | grew up, | stopped singing on airplanes. ladteas | became more aware of the kind of
surrealistic experience flying is, | became more amore stressed when | had to go on a
plane. That resulted in the fact that at some paitime | did not want to fly any more, and
wanted to keep my feet safely on the ground. Thidccbe a metaphor for the fact that, while
my grades had been excellent, | did not want taayaniversity, but decided to go to a
polytechnic (HTS in Dutch). It was fear of flyindposing touch with the ground. |
contemplated studying aircraft operation and maisee, but then a large airplane crashed
less than 10 km from our house in the Bijlmermesaaapparently due to maintenance
failure. | did not want to become responsible famething like that.

So it became Civil Engineering in the end, with aimmnterest in infrastructure as opposed to
buildings. And of course, the picture of the aimdaon the highway overpass in the brochure
did the trick. At least, it is the only picture art remember, so it must have had some
influence. There | was, with my feet firmly planted the ground, learning to do a proper job,
becoming an engineer! The airplanes gradually gisaped out of sight, while railways were
becoming more prominent (they had always been therthe background). During my
internship | spent a year at a construction siteddway infrastructure. And after | graduated

| joined an engineering company and worked on tagigh of concrete infrastructure for
railways. There are a few structures in the Ne#imel$ | have been involved in.

During that job, a transition started to take pldcbecame aware of the type of work that
colleagues with a university education were doagl] wanted to do the same things. But |
wasn’t allowed to as a result of my polytechnickzaound. Furthermore, | found out that the
technically best design was usually not the fifsbice of the decision-makers. What was
going on there? You will not be surprised thathat $ame time | had started travelling by air
again. The only way to get to distant places yotehalways wanted to see, and to the places
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where Jantinus (who had become my partner) wasdemly living for his job. There was
still a lot of stress involved though.

Being able to, since Jantinus was willing to suppoe financially, 1 went to university.
Again Civil Engineering, the most rational choidace there was not too much bridging
involved. Soon, | had to choose a specialisatiohijclv became Traffic and Transport.
Unsurprisingly for you maybe, but | needed quitensotime to figure that out. | enjoyed
following courses again. And of course, | contertgalaa minor in aerospace engineering but
that did not fit in the tight schedule | had in whirAfter doing a capita selecta in Intelligent
Transport Systems, | preferred doing my masteesithwith Bart van Arem as a supervisor.
He warned me that in that case, the subject hatbtwith cars, intelligent cars. So that is
where the cars came in after the airplanes anttdires.

After graduating | got in touch with Karel Brookkuand Vincent Marchau, who could offer
me a PhD position at the TU Delft, and became noynotor and co-promotor. After a year,
Bart van Arem also joined my supervision as a primmdly PhD subject turned out not to be
suitable for people with ‘fear of flying’, sinceastle ground was almost nowhere to be found.
Fortunately, my fear of flying was slowly deteriting. | had to fly to go to conferences, so |
did. When | was a kid | was scared of looking dawrthe earth’s surface from the aircraft
window, especially when the aircraft took a turrutBiow | am glued to the window
whenever the visibility allows a glance on the aoef. The surrealism of flying does not scare
me off anymore, instead | love to experience theeglism, and allow myself to experience it
fully. Just like | allowed myself to experience dgiresearch, and not being scared any more
about losing touch with the safe ground.

Thank you!

| would like to thank everyone who contributed mygossible way to this research project,
and this resulting thesis. Special thanks to mymmtors, Karel Brookhuis, Bart van Arem
and Vincent Marchau for their valuable input an@ajrsupport throughout the research
project, you have all brought in different knowledgnd a different way of looking at the
subject, from which | think the complete story Hsmefited substantially. Furthermore, |
would like to thank Bert van Wee and Risto Kulmé&a their constructive comments on
earlier versions of this dissertation; TNO for oiigy me the opportunity to hold a workshop
at their symposium on Co-operative Vehicle-Infrasture Systems; Eric Molin, Caspar
Chorus, and Erel Avineri for their helpful instricests and comments on the actor and user
models; Marion Wiethoff, Linda Steg, Jan-Willem vder Pas, Sven Vlassenroot, Jan-
Willem Bolderdijk and Nina Schaap for their comnmsewin the actor questionnaire and/or
completing a pilot version of it; Jan Maarten Kroand Joeri Ponten for supporting me in
setting up the user questionnaire and collectimgdéita; Geoff Dudley for proofreading the
thesis; Hester Meijer for coming up with the idea the cover illustration; Yvonne Servaas
for taking my picture on a sunny day; Conchita dan Stelt for her support in the printing of
the thesis; and all my colleagues at the Transpuult Logistics section of TU Delft, and the
Centre for Transport and Society of the Universiy the West of England for their
contributions to my development as a researchest that not least, | would like to thank my
family and friends for their ongoing support, esplg Jantinus who made me feel more
confident in following paths | had never followeefbre.

All I personally want to say about ADAS deploymentGet On With It!

Leonie Walta
Amersfoort, March 2011
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1 Introduction

It is believed widely that new technologies in spart will be instrumental in constructing
systems of sustainable mobility. Consequently, mitrat a number of these technologies are
available already, why should there be any obstadé¢heir introduction? For example, new
technologies, like Advanced Driver Assistance SystdADAS), offer promising, positive
effects on traffic safety and traffic flow efficiep However, the number of vehicles
equipped with ADAS is still low. Important actora the field, such as the automotive
industry, public authorities, insurance companagl users possess the means to increase the
deployment rate. The key question is, will theyetalctions to do so? In turn, this raises the
further question of who is the most likely to tadation first?
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1.1 New technologies for transport problems

Mobility is of vital importance in order to maintathe current levels of welfare and social
interaction, and to offer potential for economiowth. However, this general desire for
mobility induces serious problems regarding traffmw efficiency, traffic safety and the
environment. This is especially the case in dengefpulated urban areas, many of which can
be found in Europe, such as lle-de-France, Grdairdon, the German Ruhrgebiet and the
Dutch Randstad. With regard to road transport,viétacle-mileage in Europe has more than
doubled over the last four decades (OECD, 2008)thtn Netherlands, the time lost in
congestion, peak hour travel times, and travel trelgbility is at a worse level than that
desirable to reach the respective 2020 policy g@algkswaterstaat, 2008a). In addition,
while the number of traffic accidents and fatatitis generally decreasing, the European
traffic safety goals for 2010 (European CommissRB01) are not expected to be met before
2012 for the EU-15, and 2016 for the EU-27 (ETS0OQ3a). Furthermore, the current
discussion about climate change has increasedtiatieon the environmental impacts of
transport. In response to these challenges, newnodmgies, such as dynamic traffic
management, vehicle safety systems and fuel efticiehicles, have been developed to
reduce the major negative impacts of mobility, thmproving the sustainability of the road
transport system.

The technical performance of vehicles and infrastme in road transport has benefited
greatly from the technological advances over thst plecades, having positive effects on
traffic flow, traffic safety, and the environmemext to vehicles and infrastructure, vehicle
drivers are an integral part of the transport syst€his means that vehicle drivers make
many decisions that ultimately influence the perfance of road traffic as a whole, such as
choice of departure time, route choice, and choioegarding, for example, speed,
acceleration, deceleration, and distance keepiigesd decisions are not all equally as
efficient from either an individual or a social ppective. For example, the existence of
severe congestion in peak-hours, and spare capadite off-peak period, reveal inefficient
departure time behavior. Similarly, driver impaimhge.g. fatigue, inattention, drowsiness)
increases the risk of traffic accidents (e.g. Binog et al., 2001). On the other hand, more
efficient driver behavior in congestion, with snealheadways and reaction times, may result
in a reduced amount of congestion (e.g. van Dridl\aan Arem, 2008).

Consequently, influencing driver behavior seemsetiective way to decrease the negative
consequences of transport substantially. Driveratiein can be influenced by increasing
awareness of its adverse effects (e.g. by infoonatiampaigns), introducing incentives to
stimulate drivers to use the transport system matireiently (e.g. by road pricing), informing
drivers of traffic conditions and optimal behaviorthese conditions (e.g. by dynamic traffic
management), and supporting the driver in perfogrilmre driving task (e.g. by intelligent
vehicles). The development of information and comication technologies (ICT) has greatly
increased the possibilities to influence driver d@gbr. Driver support through intelligent
vehicles could be the most promising of these pddss, since driver behavior can be
directly influenced, and potentially mandated, bgtssystems.

In the 1980s and 1990s, the main research effothenUSA and Japan was focused on
complete automation of driving in Automated Highwaystems (AHS) (e.g. Tsugawa, 2008;
Bishop, 2001). Later on, research efforts in thgsegraphical areas were directed towards
support of single driving tasks, as something timatld be achieved on a shorter-term basis
and against substantially lower costs (Intellig¥ehicle Initiative in the USA, Advanced
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Cruise-Assist Highway Systems in Japan). In Eurtipe research efforts were already more
focused on the support of single driving tasks.seheesearch efforts were coordinated by
projects in which research institutes and industgoperated, starting off with
PROMETHEUS, and followed up with multiple reseantojects in the EU Framework
Programs. Systems supporting the driving tasklaoeled Advanced Driver Assistance
Systems (ADAS; Europe), Advanced Vehicle ControfeBaSystems (AVCSS; USA), or
Advanced Cruise-Assist Highway Systems (AHSRA; dapavhich each has a single, or
sometimes multiple, integrated functionalities aipgort car drivers in their driving task. They
include systems that are autonomous, or co-operidteother vehicles and/or infrastructure
by exchanging information. Eventually, the complati¢omation of driving is still considered
to be an ultimate goal (AHSRA, 2010; Ehmanns andn8peimer, 2003; Shladover et al.,
2001).

In this dissertation the focus is on ADAS, sincevelr behavior has a large impact on traffic
safety and traffic flow efficiency, and ADAS canveaa substantial positive influence on

driver behavior. For instance, ADAS are expectetidamore effective in the area of traffic

safety than other measures (eSafety Support, 2BQmthermore, they can be implemented on
a short-term basis.

Various ADAS have been developed and/or are beapravailable for use in real traffic.
They can be classified by the part of the driviagsktthey support, and by the level of support
they provide to this driving task. Generally, thteeels of driving tasks can be distinguished:
a strategic level, a tactical level and an openatidevel (Michon, 1989). Thstrategiclevel
includes the actions of the driver regarding departtime and route. Theactical level
includes actions of the driver necessary to redshdbstination, for example, merging or
changing lanes. Theperationallevel includes the basic driving tasks, such &edgkeeping,
lane keeping, and distance keeping. For each eéttaving tasks, three levels of support can
be specified (e.g. AHSRA, 2010): (1) informing amdivarning, (2) assisting, and (3)
complete automation. To illustrate these levelglligent Speed Adaptation (ISA) is used as
an as an examplnforming and/or warningSA gives information to the driver on the speed
limit and/or a warning to the driver in the casespéedingAssistingISA actively assists the
driver in complying with the speed limit, e.g. lmjtiating a counterforce on the throttle in the
case of speeding that can be overruled by the ddveompletely automatear limiting ISA
limits the vehicle speed to the current speed limit

Automation of the driving tasks is least complex floe operational level, and increasingly
more complex for the tactical and strategic levélsurently, only driving tasks at the
operational level are most eligible for assistamge ADAS, such as Intelligent Speed
Adaptation (ISA), Lane Departure Warning (LDW), atige distance control function of
Adaptive Cruise Control (ACC). At the tactical astlategic levels, the driver can currently
be supported only by informing and/or warning syse For example, a Lane Change
Assistant, that assists in safe overtaking on haysy and navigation systems (for a
comprehensive overview of current ADAS functionest see Van Driel, 2007).

Given the different parts of the driving task tlaae supported, and the different levels of
support in that task, the effects of individual ABAn traffic are also different. Some ADAS
are aimed more at increasing traffic safety (eSA)] while others are aimed more at
increasing driving comfort (e.g. ACC). In additido these main effects aimed at by the
ADAS, side effects can be expected on traffic safeaffic efficiency, the environment, and

driving comfort.
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The effects of several ADAS on traffic safety, tiaflow efficiency, and the environment are
being studied in driving simulators, traffic simtidens and field operational tests. To illustrate
the potential contribution of ADAS to improve traffperformance, the results of some of
these studies are presented heRegarding traffic safety, ISA could reduce thenber of
accidents by 10 to 36%, depending on the systemactaaistics, such as level of support
(Carsten and Tate, 2005). A combination of ACC amiV could reduce the number of
accidents, with a maximum of 8%, for which the A@Guld be predominantly responsible
(Alkim et al., 2007a). Regarding traffic flow effemcy, ACC could increase traffic flow
efficiency, but this depends on the rate of magestetration of the system, the tuning of the
following distance, and type of bottleneck on tlmad (e.g. VanderWerf et al.,, 2002;
Hoogendoorn and Minderhoud, 2001). A next genemabbACC, Cooperative ACC, which
coordinates following distances by wireless vehtoleehicle communication, could increase
traffic flow efficiency under all conditions of met penetration (VanderWerf et al., 2002).
With regard to the environment, ISA could reducelfusage by an estimated 1-8%,
depending on the road type, and ACC could redueé dsage by 3% (Carsten and Tate,
2005; Alkim et al., 2007a). The effectiveness dkeimening systems on traffic safety and
traffic flow efficiency is generally higher thanfarming or warning systems. However, the
effectiveness of informing and warning systems barincreased by incentives that reward
the driver for safe driver behavior (e.g. Mazureckl van Hattem, 2006). Driver acceptance
of such reward policies may be higher than on w&eing systems, such as limiting ISA (e.qg.
van Loon and Duynstee, 2001; Brookhuis et al., 1999

While these results prove ADAS to be a promising@nseto decrease transport problems, a
few remarks can be made regarding the assumptiads m these effects studies. First of all,
ADAS are not yet deployed on a large scale (extmphavigation systems) and only some
large-scale field trials have been performed (Rigkswaterstaat, 2008b; Biding and Lind,
2002). As a result, it is necessary to make assongin order to generalize results from
small-scale field operational tests, driving sintiola or traffic simulations. For example,
since no real-world accident data from ADAS-equipbpehicles are available, so-called
surrogate safety measures (e.g. speed, time tsioo)l and their relation to accidents are
used to approximate potential accident reductierg. Carsten and Tate, 2005). Second, with
respect to safety effects, there are many mechantbat influence safety, which are not
always all taken into account in safety effectddss (Kulmala, 2010). Potential effects of
ADAS on traffic safety can, for example, be limitéde to behavioral adaptation (Brookhuis
et al., 2001). The extent to which these effeceslanited is still uncertain. Third, it is not
likely that probabilities of system failure haveebeconsidered, and as such the potential
effects may be overestimated. Finally, in many isidt has been assumed that all vehicles
are equipped with ADAS in order to estimate itsemdial effects. Before such a 100%
deployment rate is realized, however, it is higlitely that there will be a mix of equipped
and non-equipped vehicles. Since most field stutlielide a limited amount of cars, it is
uncertain how drivers of non-equipped vehicles welct to the driver behavior of ADAS—
equipped vehicles, and vice versa. This could erfae the effects of intermediate
deployment rates.

Consequently, the promising results of studies AIDAS effects justify the attention given to
these systems as a means of solving transportgmablNevertheless, it must be taken into
account that there are uncertainties involved toaly achieving these effects.

! Note that these studies have been performed fereift countries, which may have influenced theiltesn
case of field operational tests. See e.g. Vartaigi Makinen (2001).
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In summary, increasing mobility leads to serioumlppems with respect to traffic flow
efficiency, traffic safety, and the environmentaditional measures, such as expansion of
road infrastructure, and increasing vehicle crashthimess, are not expected to be efficient
enough to substantially reduce these problems.eSuiver behavior has an important
impact on traffic flow efficiency and traffic safeinfluencing driver behavior directly is a
promising solution. New in-vehicle technologiespwn as Advanced Driver Assistance
Systems (ADAS) provide an effective means to Biredluence driver behavior. ADAS are
expected to have positive effects on traffic sedety traffic flow efficiency. Therefore, they
can contribute to reducing the major negative ouates of increased mobility. However, it is
still uncertain whether these effects will actualbtycur, and how large they will then be.

This dissertation will focus on ADAS as a posssoleition towards transport problems.

1.2 ADAS deployment

While different types of ADAS are in different statof development, a number are already
available on the market. This mainly involves cameace and safety systems, such as Lane
Departure Warning, Adaptive Cruise Control and 8I8pot Warning (Bishop, 2005).
Currently, the diffusion of those ADAS that are thre market is still small, and limited to
high-end vehicles. A benchmarking study on deplayinw safety ADAS in the European
Union (EU) considered four product lifecycle phasearket introduction, growth, maturity,
and decline (De Kievit et al., 2008). It focusedtba market introduction phase, since all EU
countries are still in this phase with respecthis type of ADAS. The results of this study
showed that the conditions for ADAS deployment weSlen, The Netherlands, United
Kingdom, Finland, Spain and France — in terms otlleof awareness, research program
budgets, and duration and level of cooperation ayrstakeholders, are more favorable than
in other countries. However, none of these coumthas yet succeeded in a large-scale
deployment of ADAS that has significant effectssarfiety.

The deployment of an innovative technology, suchAB¥AS, is a stage in innovation
development, defined by Rogers (2003) as diffusiod adoption. The process of innovation
development generally includes six main stagesisipeoblems, basic and applied research,
development, commercialization, diffusion and adwptand consequences (see Figure 1.1).
Figure 1.1 suggests this is a sequential procdsishvis true with respect to the dependency
between the stages, but not necessarily in termtignef For example, while diffusion of an
innovation has already taken off, new researchliesian lead to the release of a new
generation of this innovation.

Needs/ > Research (basw —» Development —» Commercialization | lefusmp and —» Consequences
problems and applied) adoption

Figure 1.1: Six main stages in innovation developmé
Source: Rogers (2003)

The deployment of ADAS can be influenced by develepts in any of the stages of its
development. For instancegeedsandproblemscan change over time, influencing the extent
to which ADAS contribute to fulfill needs and solgeoblems. Ongoingesearchcan lead to
more certainty about the performance of ADAS, ormore advanced technology. First,
choices duringdevelopmentan influence the performance of the ADAS. Secartmbices
during commercializationcan influence the user type that will adopt theA&D Third, the
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development ofdiffusion and adoptiorof ADAS can influence itself by means of the
awareness of the existence of ADAS. Finally, theeated consequencesf ADAS can
positively or negatively influence diffusion andogdion.

1.2.1 The role of actors in ADAS deployment

Influenced by the (technical) performance of ADAgployment — or diffusion and adoption
— is established through actions of individual®anizations that have an interest in ADAS.
The general term for these individuals and orgdmna isactors which can be subdivided
into decision-makerandstakeholdersDecision-makers are considered here as the abiairs
can directly influence deployment; stakeholderstlas actors who can only indirectly
influence deployment by influencing the decisionkera. In this dissertation, the term actors
refers to decision-makers only. Stakeholders atexwlicitly considered.

Possible actions of actors that can influence ARKSloyment are funding and coordination
of research projects, stimulation of developmeasatilitation of commercialization, and
influencing diffusion and adoption. Funding and mhioation of ADAS research has been
taking place in Europe through the European framkvpoojects (e.g. ADVISORS, 2010;
PREVENT, 2011; SAFESPOT, 2011) and multiple natfiomsearch initiatives (e.g. the
Assisted Driver in the Netherlands, ISA trials iarieus countries). An example of the
stimulation of development is the Grand Challengeganized by the Defense Advanced
Research Projects Agency (DARPA) in the United &tatin order to encourage the
development of autonomous vehicles. The Grand €mgdl involved three contests for
autonomous vehicles, two in a desert environme@042and 2005), and one in an urban
environment (2007). Research institutes and ingustre challenged to show their best
efforts in vehicle automation. While in the firgintest none of the cars actually made it to the
finish, the subsequent contests showed that itdcbal done. However, the huge amount of
equipment necessary means that completely autondaitadg is not yet fit for commercial
application (DARPA, 2010). In the Netherlands, mikr event encouraging development of
cooperative driving, the Grand Cooperative Drivi@ballenge will be organized in 2011
(GCDC, 2011). With respect to commercializatiorABIAS, a positive business case is a first
requirement. Facilitation of commercialization dake place by resolving institutional and
technological issues, such as legislation, stamzktidn of technology, and acceptance by
stakeholder groups (cf. Hall and Tsao, 1994). Hsé ¢ategory of actions here are those that
directly influence the deployment of commercialiyagable ADAS in terms of diffusion (i.e.
the number of cars equipped with an ADAS), and #dop(i.e. users actually and correctly
using the ADAS). These ‘deployment actions’ are thain subject of research in this
dissertation.

1.2.2 ADAS deployment as a system of actors’ interactions

In this dissertation, ADAS deployment is defined thg introduction of commercially
available ADAS to the market, and increasing thenber of vehicles equipped with an
ADAS (i.e. the deployment rate). Various actorsatthave a certain interest in ADAS
deployment, can take actions such as adopting AB&RuUlating adoption of ADAS, and/or
making ADAS available. These actions determine daeelopment of ADAS deployment,
with the result that investigating potential acsogives insights into the possible future of
ADAS deployment. However, the deployment actiores @otentially related to each other.
This means that, for a full picture, the interactidetween the actors should be included in
the investigation. Therefore, this dissertation@d@ view on ADAS deployment as a system
of actors’ interactions.
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Knowledge about this system of actors’ interactiossavailable at different levels of
abstraction. First, knowledge is available on thdarlying factors that influence deployment
actions, driving forces and barriers, or succegss failure factors (e.g. Walta et al., 2005;
Feitelson and Salomon, 2004). These factors in¢lddie instance, technical feasibility,
expected benefits and costs, and acceptance bghsiders. Consequently, they give a main
indication of the potential success of ADAS depleyin Second, knowledge is available on
the positions of actors with respect to ADAS depient, based on the values taken by the
underlying factors. These positions are investidjdity assessing preferences or opinions of
actors (currently mainly studied for potential @sef ISA: Vlassenroot et al., 2007; Molin
and Brookhuis, 2007). They give an indication abthg& potential direction of actors’
decisions regarding ADAS deployment.

The next step is to investigate the potential astiof the actors, based on the available
knowledge of the underlying factors that influendeployment actions, and the current
positions of the actors. In this way, an accuratéupe of the system of actors’ interactions
regarding ADAS deployment can be composed, whidviges a general outlook into the

future of ADAS deployment, and which can supportisien-making actors by showing the

consequences of their actions, in terms of th@astof others.

1.2.3 Important actors involved in ADAS deployment

The actor who can make the decision to adopt ADASeé vehicle owner. Vehicles can be
owned by individuals and by companies. In the Nedinels, which is used as a case study in
this dissertation, about 70% of the vehicles aieapely owned passenger cars. The other
30% consist of company owned passenger cars (188d),company owned other vehicles
(20%; source: Centraal Bureau voor de StatistiOk02 In this dissertation, the focus is on
the majority of individual private car owners ag tmain actors in ADAS deployment. It is
acknowledged that fleet owners of company vehicl@s have a substantial influence on
ADAS adoption. However, since their interactionshwother actors are expected to be
different, they should be considered as a diffecase.

Which actors have an interest in, and can direnflyence, deployment of ADAS? Table 1.1
shows an overview of important actors and stakehsldhat are involved in ADAS
deployment, as defined in the ADVISORS project (AB®@RS, 2001). These actors were
selected based on their wide knowledge of theitraffstem, and/or their great influence on
ADAS deployment.

Table 1.1: Important actors and stakeholders involed in ADAS deployment
Source: ADVISORS (2001)

Group Actors

Users Consumer organizations, private driver organizatiopublic
transport organizations, trucking associations, dagociations

Industry System manufacturers, vehicle manufacturers

Authorities/administrations | EU, governments, policy makers, transport ministrieoad
authorities

Traffic/transport operators Fleet managers, road operators

Other Insurance companies, car rental companies, resaradnd
consultants

These actors can all, directly or indirectly, ifhce the deployment of ADAS. Possible
actions they can take are installing ADAS in vehifleets, increasing awareness among
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potential users, influencing user and public omnistimulating deployment by financial
incentives, and/or even make ADAS obligatory equéptrby legislation. Actors each have a
specific set of options to influence deploymenthair disposal, as a result of which their
influence can be different. Actors with a directflience on ADAS deployment are
considered to be able to make decisions that tireesult in deployment, such as making
ADAS standard equipment in vehicles (automotive ufacturers). Actors with an indirect
influence on ADAS deployment (i.e. stakeholder® anly able to take actions that could
indirectly lead to deployment, such as increasingaraness and influencing opinions
(consumer organizations). These actions influeheedeployment actions of actors that have
a direct influence on ADAS deployment. Despite ithh@ortance of increased awareness and
changed opinions, in this dissertation the focusnighe actors that directly influence ADAS
deployment.

Applying the above definition of direct and inditéafluence to the actors mentioned in Table
1.1, the actors with direct influence are vehiclanofacturers, EU, governments, fleet
managers, insurance companies, and car rental coespasince the focus is on individual
private vehicle owners, fleet managers and caralecdmpanies will not be included.

Henceforth, the remaining actor groups that diyeiciluence ADAS deployment are labeled
public authorities, the automotive industry, anslirance companies.

In summary, while some ADAS have been introducdaetonarket, there is, as yet, no large
scale deployment. Consequently, it is the potediggloyment of ADAS that will be studied
here. In this dissertation, ADAS deployment is mred as a system of actors’ interactions.
Current knowledge about this system includes factorderlying the actions of actors, and
current actor positions. Based on this knowleddes subjects studied are the potential
actions of public authorities, the automotive inmysinsurance companies, and the adoption
by individual private car users. These actors ateexpected to directly influence ADAS
deployment.

1.3 Current knowledge on actors’ decisions regarding AIBS deployment

The importance of different actors’ actions in ADASployment was previously underlined
in the period that Automated Highway Systems wemslered (e.g. Hall and Tsao, 1994).
Accordingly, research took place to determine th&nminterests of these actors. These
interests, however, do not make it clear whetheraittors can be expected to take actions to
influence ADAS deployment. In addition, since théseuncertainty about the real-world
benefits of ADAS for every one of the actors invady it is not yet obvious who is going to
take action with respect to ADAS deployment (ean YArem et al., 2004).

With respect to current empirical knowledge on egtactions regarding ADAS deployment,
the following questions are most relevant:

1. Which actors were investigated?

2. Which options for taking action were considered?

3. Which actions are the actors expected to take?

4. How do these actions depend on actions of othersitt

5. What is the importance of decision criteria?

These questions are answered in this section, lmastte literature review.

1.3.1 Which actors were investigated?
The actors that are at the center of this dissentafpublic authorities, the automotive
industry, insurance companies, and users) each thaueown decision framework in terms
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of the options they can choose from, in order teethtbeir own objectives or needs. For
instance, the automotive industry is usually prdfitven. Consequently, they will consider
equipping a car with an ADAS, or with other equiprhsuch as air-conditioning, that makes
a car attractive for potential buyers. Public atties, on the contrary, are driven by public
policy objectives, and will compare ADAS againsthet road safety measures (e.g.
enforcement, infrastructure measures).

Previous research on decision frameworks for ADAS heen limited to users and public
authorities. Specifiauser studiegegarding ADAS deployment include user-relatedcans,
described by the characteristics of an ADAS wigpezt to user functionalities (e.g. Ng et al.,
1996; Marchau et al., 200IMultiple actor studiesnclude public authorities and some other
actors, predominantly automotive industry and us@nsurance companies are rarely
considered). The purpose of these studies wassasashe positions of these actors on public
authority actions. This becomes explicit in studresvhich sets of alternatives are included,
that are mainly available to public authorities. &ihalternative technologies are studied,
ADAS are regularly compared to infrastructure measuhat can only be applied by public
authorities (e.g. Wiethoff et al., 2006). Similarlyhen alternative deployment options for
ADAS are studied, often only sets of options arestiered that are exclusively available to
public authorities, such as policy options for 188ployment (PROSPER, 2004). In essence,
this means that the other actors are mainly coresidas stakeholders, whose opinion needs to
be taken into account in ADAS decision-making (é&/@acharis et al., 2004). The focus on
public authorities’ actions is probably due to fhet that for most traditional and modern
solutions for transport problems (e.g. new roadastfucture, dynamic traffic management,
road pricing) public authorities, on a local, naab or supranational level, are the major
decision-makers. Complementing this focus on thditional role of public authorities, it is
also possible that public authorities are seenhasnecessary actor to accelerate ADAS
deployment.

In summary, previous single actors studies focusedsers’ or public authorities’ actions. In
multi-actor studies the emphasis is on public atiyis actions, including the opinion of
other actors as if they were stakeholders.

1.3.2 Which options for taking action were taken into acount?
Two types of options for taking action with respeztADAS deployment were considered:
alternative technology options, and alternativel@a@pent options.

Studies including alternative technology optionsu®on determining a suitable technological
solution for transport problems, such as differggges of ADAS (e.g. ISA, ACC) and
different levels of support (e.g. informing, assigt automation) (e.g. Macharis et al., 2004;
Marchau et al., 2001; Lathrop and Chen, 1997). Tiieg insights into the preferences of
actors regarding characteristics of the alternagednology options, such as costs, impact on
safety, and impact on congestion. For users, tlaeackeristics of alternative ADAS options
refer to individual benefits and costs of having &kDAS. For other actors, the characteristics
of alternative ADAS options often refer to the bi@seand costs of the full ADAS potential,
while in fact the benefits and costs depend ondém@oyment rates that will be reached, and
the type of deployment actions used. As such, tifact of ADAS options, for actors other
than users, cannot be truly compared to other tdog options without reference to the
expected deployment rate.
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Studies including alternative deployment optionsufoon determining the most appropriate
deployment option for a single ADAS, consideringldgment options of public authorities
only, such as tax reductions and mandating (e. @$HER, 2004); or deployment options of
different actors, such as discounts by the autamoindustry, premium reductions by
insurance companies, and awareness campaigns b puihorities (e.g. Alkim et al.,
2007b). In doing so, they give insights into theefprences of actors regarding certain
deployment actions.

In summary, the focus of current research has bedhe evaluation of alternative technology
options (including ADAS). In contrast, alternatideployment options for a single ADAS

have been evaluated less often. Consequenthgratteg ADAS technology options and

deployment options makes ADAS options more comparabother technology options.

1.3.3 What actions are the actors expected to take?

With regard to ADAS deployment, knowledge on actarteractions is currently limited to
the attitudes of actors and their perspectives DA3 as a promising technology to increase
comfort, safety, and traffic flow efficiency. Mangtudies focus on Intelligent Speed
Adaptation (ISA). In this context, the impacts 8@l can be interpreted as positive, as well as
negative, by different actorblsersgenerally prefer to receive only speed limit wags (e.g.
Piao et al., 2004; Marchau et al., 2001), dependimghe type of roads. For rural roads and
motorways, users prefer warning ISA, while for desitial areas, they prefer physical
limitation of vehicle speed (e.g. Cuypers, 2004;rhéfyi and Mékinen, 2001). The
acceptability of assisting ISA by users is reldiveigh (e.g. Vlassenroot et al., 2007;
Varhelyi and Makinen, 2001Rublic authoritiesgenerally have a preference for assisting or
limiting systems (e.g. ADVISORS, 2002), which it¢ated to their perceived positive effects
on traffic safety. In contrast the Europeantomotive Manufacturers’ Associati¢ACEA),
states that it prefers warning systems, while ACBAwilling to cooperate on assisting
systems, but is heavily opposed to deploymentatilng ISA (Reinhardt, 2004).

While it can be expected that the actions thatracice going to take will be in line with these
positions, these actions are not explicitly consdein current research. First, the actor
positions concern ADAS technology, and not ADAS Idgment options. Second, the
prevailing methodology used is aimed at evaluagpiogsible decisions in the case of multiple
objectives, and finding the alternative that perferbest with respect to these objectives (e.g.
Levine and Underwood, 1996; Lathrop and Chen, 198&charis et al., 2004). In current
studies using this methodology, alternative techgyloptions are compared in order to find
the best performing option with respect to the cijes of the actors. Conclusions regarding
the expected actions with respect to ADAS deploytnzamnot be drawn from its results.
Another methodology that is applied in ADAS depl@mhresearch involves the estimation
of preference or choice models, based on empidat regarding the rating or choice of
ADAS options. These models give insights into thestriikely actions of the respondents,
given certain characteristics of the ADAS optioAs. far as is known, this has only been
applied to potential users of ADAS technology, aad to public authorities, the automotive
industry, and insurance companies (e.g. Ng e1886; Marchau et al., 2001).

In summary, while we have knowledge about the st of actors regarding ADAS
deployment, it is not yet clear how they are exp@db act. The methodologies applied in
previous multi-actor studies do not seem suitabl@iswer that question.
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1.3.4 How do these actions depend on actions of other ac$?

Given the fact that there is little knowledge ab@xpected actor deployment actions
regarding ADAS, it is not surprising that the knedde about the interactions between these
actors is also limited. As we have seen from tlfierdint positions of the actors on Intelligent
Speed Adaptation, these interactions are relewvarthe study of future deployment. For
example, if public authorities aim at deploymentss$isting ISA, they will have to influence
the automotive industry, which might otherwise ooffer a warning system to the market.
What type of influence is to be applied, and howl thie automotive industry react? In the
case of coordinated deployment, in which an agre¢ietween the actors is made, decision
analysis methods that come up with an overall predealternative can be applied (e.qg.
Marchau et al., 2002; Macharis et al., 2004). Otféorts for coordinated deployment of
ADAS, or other transport technologies, include gagnisimulations, aimed at deriving
deployment plans (e.g. Van Noort, et al., 2007;Retal., 1997). However, the type of
interactions included in gaming simulations is @iént from the type focused on here, given
the coordinating nature of the game. In additibe,ihteractions are not explicitly studied.

In summary, a system of actors’ interactions in ADAeployment, as defined in this
dissertation, has not yet been studied for ADASIagpent. Current research efforts are
focused on actor coordination.

1.3.5 What is the importance of decision criteria?

Decision criteria are specifications of actor objexs. The extent to which these criteria are
satisfied by performing a certain action is presdne influence the probability that this
action is actually taken. Table 1.2 shows the toarking of decision criteria included in four
different studies, that all considered deploymdrd aew technology in transport. They each
used different criteria, related to the particutdmjectives that could be reached with the
specific technology.

Table 1.2: Importance of decision criteria (top 5)

Source Systems Authorities User Industry
Lathrop and Chen AHS Safety Safety Liability
(1997) Capital cost Travel time savings | Customer
Incrementability Flexibility objectives
Infrastructure System integrity Marketability
Institutional Travel time Image
attractiveness predictability Incrementability
ADVISORS (2002) ADAS Third party safety Driver safety Technical
Environment Travel time feasibility
Network efficiency Full user cost Acceptance
Acceptance Driver comfort
Public expenditures
Levine and Underwood | FAST- Collision reduction
(1996) TRAC Energy savings
Emission reduction
Reduction in driving difficulty
Individual travel time reduction
Marchau et al. (2002) | ISA Reduction of accidents
Less penalties for speeding
Increased driving convenience
General desirability
Less fuel consumption/environmental load

* Integration of adaptive traffic controls and réiahe route guidance
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In the four studies highlighted in table 1.2, saf@t accident reduction was ranked as most
important in all cases, except for the industrypdesally for the user, safety outweighed other
outcomes by far. However, safety is not presetiéntop 5 criteria of the industry, and it was
not even included as a criterion in the ADVISORSIgt

With regard to safety, some interesting differenilbesveen studies occurred, that might be
due to the methodology or the choice of decisigterca. Taking ISA as an example, methods
to support decision-making based on decision @itsame up with the most safety-enhancing
ISA type as the most preferable, i.e. assistindiroiting. When asked directly, users and
other actors preferred less intervening optionf®rming ISA and voluntary use of the system
(e.g. Marchau, 2001; PROSPER, 2004). These findimayg suggest that ‘driving freedom’ —
in this case freedom of choice regarding drivingesp — plays a more important role in
preferences for ISA types than safety. On the dthed, actors may also expect the effects of
ISA to be different than research results or experdicate. For example, user perception of
the level of safety was found to be higher for vimgniSA than for intervening ISA (Molin
and Marchau, 2004).

In summary, for public authorities and users saistyeported to be the most important
decision criterion for ADAS deployment, but diffaes in the results of studies raise
questions about the relation between commonly dsedsion criteria and actual deployment
actions.

1.3.6 Conclusions
From this literature review a number of knowledggg were identified with respect to
actors, alternative courses of action, expectadragtinteractions and decision criteria:

Actors
Since the focus of current research is on userd’ @ublic authorities’ decisions, little is
known about the decisions of the automotive ingusird insurance companies;

Alternative courses of action

The impacts of ADAS technology options (e.g. ISAC®@) depend on the deployment rate,
which in turn depends on the deployment actiongrtake.g. tax reduction, awareness
campaigns). In comparison with other technologyamst such as infrastructure adaptations,
ADAS deployment rates of 100% are usually considlevéhich may give a too optimistic
account of the (short term) impacts of ADAS. Moregweven when the deployment rate is
100%, it is unlikely that there is 100% user corapdie;

Expected actions
While we have knowledge about the positions of rgctiv is not yet clear what the outcomes
will be in terms of taking actual deployment acipn

Interactions
The interactions between actor decisions, as irsystem of interactive decisions assumed in
this dissertation, has not yet been studied for SQd&ployment;

Decision criteria

Differences in the results of ADAS studies raisegiions on whether the decision criteria
considered in multi-criteria analyses representtiteria based on which actual decisions are
taken.
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1.4 Current methodology to study multiple actor decisim-making

Current knowledge on actors’ actions regarding ADdeployment is not yet sufficient to
analyze actors’ interactions in ADAS deployment.isTis mainly due to the type of
methodology that is currently used. As a resulg thext question is which type of
methodology is suitable for investigating actorgeractions in ADAS deployment?

This dissertation aims to study the system of adtve actor decisions regarding ADAS
deployment, in order to derive the influence ofgmbial actor decisions on the decisions of
the other actors, and the resulting effect on tnalver of vehicles equipped with an ADAS.
To that end, multiple decision scenarios (i.e. coations of decisions) need to be explored.

Drawing upon a common base of decision-making teepseveral models of multiple actor
decision situations have been developed, ofterommection with a specific methodology to
perform investigations on the model. Most methodi@e useautonomous actor decision
models, omgroup decisiommodels. These models are introduced below, irmaldied form,
showing the relations of the actors to each othed to the system outcomes they can
influence (in this case, the deployment rate). dawrh of the models, examples are referred to
of methodologies that perform investigations omth&hese methodologies can be divided
into methodologies that aim tierive the most optimal course of acti@md methodologies
that aim toderive themost expected course of action

The model in Figure 1.2 illustrates actors as

autonomous decision-makers, who can each

influence the system outcomes with their actions.

They make their decisions to take action based on
the current system outcomes, and the outcomes

action they expect to result from their actions. Each of
v the actors has certain interests in the system
‘—action* system outcomes 4-action—. outcomes. A possible methodology to derive the
7Y most expected course of action is Agent Based
elion Modeling, in which agents (actors) each have
‘ their own sets of goals and alternative decision
options, and are programmed to apply these

options to reach their goals, based on a rational

goal-seeking behavior (e.g. Jennings, 2000).

Figure 1.2: Autonomous actor decisions

The use of this model gives insights into the pigérehavior of the system as a whole.
Possible methodologies to derive the most optimalse of action are applications of game
theory (Von Neumann and Morgenstern, 1944), suclkoadlict analysis (e.g. Fraser and
Hipel, 1984). In this way, the system outcomes assalt of all possible combinations of
actor actions are assessed. The optimal combinatiaotor actions can be determined, based
on a certain rule that depends on the type of game.

The model in Figure 1.3 illustrates actors as grdegision-makers, who have to jointly come
up with an action to influence the system outcoreash being possibly interested in different
types of outcomes. An example of such a situat®rwhen multiple actors in ADAS
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development have to agree upon a certain stanBassible methodologies to derive the most
optimal course of action can be found in the fieldMulti Criteria Analysis, which is
basically aimed at identifying preferred actionsieg the objectives of the decision-maker.
Some methods are available that take into accduntctiteria and trade-offs of multiple
actors, for example, Multi Actor Multi Criteria Ahais (Macharis, 2005) and Multi Issue

Actor Analysis (Bendahan et al.,

2003). The maiveadiage of these methods is that they can

present the positions and views of actors in ar@ed understandable way, and as such they
are reliable tools for decision-makers. In orderidentify the preferred alternative group
action, the preferences of multiple actors are lisaseraged. Other possible methodologies
can be found in the field of Actor Network Analygsee Hermans, 2005 for an overview),
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Figure 1.3: Group decisions

which includes methodologies based on voting. The
methods on the network level are based on the
notion that actors depend on other actors to reach
their objectives, and as such most interaction
between the actors takes place before actual
decision-making.

A possible methodology to derive the most
expected course of action is to assess the
preferences of actors for a certain action, given t
preferences for this action of other actors invdlve
in decision-making. This can be done using Stated
Preference modeling, and was applied by Molin
(1999) to assess the preferences of household
members for housing alternatives including the
opinions of the other household members.

To what extent are the models of autonomous a@oiswns and group decisions, and their
connected methodologies, applicable to the systeactors’ interactions regarding ADAS

°

action

action action

action

v

system outcomes

Figure 1.4: Interactive decisions

deployment? To answer this question, a simple
model of the considered system is presented in
Figure 1.4. In this model, there is one main actor
through which the system outcomes (the
deployment rate) can be directly influenced, which
are the users/car buyers. The other actors are able
to influence the users by applying deployment
options. The main difference with respect to the
other models is that user actions are explicitly
included as an entity in the model. The result is
that most of the actors cannot directly influence
the system outcomes, only through the decisions
of the user. An exception to this rule is when
actors force users to adopt an ADAS.

This type of system is rarely studied, which methesfirst step is to develop a conceptual

model

based on existing theories about actors’ rast®ns and decision-making.
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Furthermore, since a methodology is usually corateatith the model type, a suitable

methodology needs to be identified. In order tolaewg and compare multiple possible

scenarios, in which actors take different actioasmathematical representation of this
conceptual model is needed. Empirical data are r@gqaired to estimate the mathematical
model for relevant ADAS deployment scenarios, amdvalidate the model structure. To

collect these data, the above-mentioned Statedererefe approach for group decision-
making, applied by Molin (1999), has potential.téal of preferences of other actors, the
actions of other actors could be included in therahtive decision options, and instead of
preferences, choice probabilities could be measuFedthermore, there are no revealed
preference data available as yet, and empirical @ necessary to verify the model structure
assumed in this dissertation.

In conclusion, there is a need to develop a conmpmodel of the system of actors’
interactions in ADAS deployment, to develop a nma#ieal representation of this model,
and to determine a methodology to analyze actoisa®tinteractions.

1.5 Objective and research questions
1.5.1 Objective

To develop a mathematical model of actors’ intemacd in ADAS deployment, and apply this
model in order to explore the effects of expectadraactions on the probability that users
will buy an ADAS on their next new car.

The actors included are public authorities, th@m@ugttive industry, insurance companies, and
users (car buyers). In this dissertation, usersregelarly referred to separately. On these
occasions, the term ‘actors’ refers to public artles, the automotive industry, and
insurance companies only.

Ideally, the objective would be to explore the eféeof expected actor actions on the
deployment rate of ADAS. Since the effects on theployment rate are not directly
measurable, the probability that users will buy AAS is used as a proxy.

ADAS can be deployed by equipment of new cars anexisting cars (i.e. retrofitting).
Systems like ACC and LDW are currently introducedéw cars only, since they need to be
integrated with other systems in the car. Consetyethis dissertation focuses on the
equipment of new cars with ADAS.

1.5.2 Research approach

This dissertation adopts a view on ADAS deploymestr system of actors’ interactions. In
order to explore potential ADAS deployment, a modelthis system is required. Before
defining aconceptual modebf this system, first somgreliminary explorationsare made in
order to increase the knowledge on actor posititheir deployment options, and their
decision criteria. This conceptual model is themstated into amathematical modeln order

to be able to perform explorations with it. This asstochastic model, defined by the
probabilities that each of the actors takes a itegetion, given the actions of the others. A
methodologyis developed to estimate the parameters of thithenaatical model for the
deployment scenarid®.g. combinations of actors’ actions) to be esguio The outcomes of
two empirical studies -one collecting data on the interactions betweenipw@uthorities,
automotive industry, and insurance companies, are amllecting data on the reactions of
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users on these actors’ deployment actions — ard teseestimate the model parameters.
Finally, the estimated mathematical model can leel isexplore deployment scenarjdkeir
probability of occurrence, and the probability thiaers will buy an ADAS on their next new
car as a result of the deployment scenario. Thisageh is summarized in Figure 1.5.

This leads to the following research questionsa@afswered in this dissertation.
1.5.3 Research questions

1. What mathematical model can describe the systeractufrs’ interactions in ADAS
deployment?
This research question addresses the need for almabthe system of interactive actor
decisions in ADAS deployment. The following two sgiestions involve building a
conceptual model, and translating it into a matherabmodel.

a. What conceptual model can describe the systemtofsagnteractions in ADAS
deployment?
A conceptual model is defined, based on existirgpties and frameworks on
decision-making with respect to innovations. Thimaeptual model defines the
relations between the actors in ADAS deploymend, laow they make decisions
as individual actors. The theoretical frameworkdlag to the model is presented
in Chapter 3.

Two preliminary actor studies on ADAS deploymentrevgoerformed at the
beginning of this research project, in order toreéase knowledge on actor
positions, their deployment options, and their sieci criteria. The results of these
studies, and particularly the reflection on thessults, have led to valuable
insights that have influenced the theoretical fraort and methodology used in
this research project. The outcomes of these stw@eediscussed in Chapter 2.

b. How can this conceptual model be described in nmattieal expressions?
A stochastic model is used to describe deploymeahaios (combinations of
multiple actor actions), and their probability o€coarrence. To describe the
individual actor decisions, utility models are usedwhich a distinction was made
between the decisions of users and those of ther @ittors. The mathematical
models are discussed in Chapter 4.

2. How can the mathematical model of actors’ interas in ADAS deployment be
estimated?
This research question addresses the need tofidantiethodology designed to estimate
the mathematical model of actors’ interactions IDAS deployment. The methodology
chosen to estimate the model is based on statédrgmmee modeling of the individual
actor decisions, integrating the decisions of othetors as attributes in alternative
deployment scenarios. This enables the analysithefactors’ interactions. Chapter 4
explains the methodological choices, and givestaildd outline of the research approach.
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3. What is the probability that users will buy an AD&%their next new car, based on the

application of this model?

This question involves applying the model to patntases of near-future ADAS
deployment. The three sub-questions involve theciBpation of relevant decision
scenarios for near-future ADAS deployment, thenestion of the probability of potential
actor decisions, and decision scenario simulatioraalyze the probability that a new car
will be equipped with an ADAS.

a. Which potential actor deployment actions, and whAdDAS, are relevant, given

the current state of ADAS deployment?

A number of ADAS that are eligible to deploymenthe near future were defined
to be included in this research project: a Speesistent, a Congestion Assistant
and a Safe Driving Assistant. Furthermore, a nuntdfepotential actions are
included that each of the actors can take to infteeADAS deployment (i.e.
deployment options). These include a ‘do nothingfian, an option stimulating
user adoption (ADAS as optional equipment, tax cdda, and optional ADAS
with premium reduction), and an option forcing usdoption (ADAS standard
equipment, mandatory ADAS, and standard ADAS wingum reduction). This
“stage setting” is discussed in Chapter 5.

. What is the probability that an actor takes a cert&dDAS deployment action,

given the deployment actions of other actors?

For each of the actors included in this researofept, models were estimated that
describe the probability that they will take a aertdeployment action, given a
type of ADAS, and the deployment actions of othetoes with respect to that
ADAS. The data to estimate these models were dellidazy means of two surveys,
one directed to respondents from public authoritiee automotive industry, and
insurance companies, and one directed to car osérsThis distinction was made
since the types of actions that can be taken byudiee differ from the types of
actions that can be taken by the other actors.dsaT choose to buy or not buy an
ADAS, while the other actors have multiple optidhat can influence the user to
buy or not buy an ADAS, or even to force user adopdf ADAS. The setup and
results of the actor survey are discussed in Chaptand 7, and those of the user
survey in Chapter 8.

In addition to using the individual actor and uskecision models in order to

provide data for simulations with the overall mqodeiey were also used to

validate the structure of the conceptual model wepect to the relations between
the actors. This validation is discussed in thectmions sections of Chapters 6
and 8.

. What is the probability that users will buy an AD&$ their next new car, given

the deployment actions of the actors?

The stochastic model of deployment scenarios (guest.b) was applied to

simulate different combinations of actions by paldiuthorities, the automotive
industry, and insurance companies (i.e. deploynseenharios), as a reaction to
several starting conditions. These starting comdl#tiincluded scenarios in which
all actors do nothing, and also in which one acdotaking action. For each of

these starting conditions, the probabilities thettain deployment scenarios will
occur were determined, using the actor models.réaetions of the users to these
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deployment scenarios, in terms of the probabihigt they will buy an ADAS on

their next new car, can be determined based omgbe model. In summary, this
leads to knowledge about the effects of expectéor actions on the probability
that users will buy an ADAS on their next new ddsing the different starting

conditions, the effects of single actor decisions ADAS deployment are

explored. The results of the simulations are disedsn Chapter 9.

The overall conclusions of this research projeetdascussed in Chapter 10.

1.5.4 Scientific relevance

This dissertation focuses on the development ohthematical model of actors’ interactions
in ADAS deployment, based on a conceptual modal ®fstem of actor interaction in ADAS

deployment. In addition, a methodology is develofmedstimate the model and to apply the
model to explore different deployment scenarios. (combinations of actors’ deployment
actions), based on existing methodology. The ambrda study ADAS deployment, as a
system of interactive actor decisions, is an extensf current deployment studies, which
predominantly make an in-depth analysis of theratpmsitions.

ADAS deployment can be viewed as a system of ddtmeractions, since it is the result of
(interdependent) deployment actions of multipleoectwvith respect to ADAS. To study the
potential behavior of this system, and its outconegmrding ADAS deployment, a model of
this system is needed. Currently, there is no Blétsnodel available that describes the mutual
relations between the deployment actions of impbr&tors — public authorities, automotive
industry, and insurance companies — and the relaifotheir deployment actions with the
adoption decision of the user/car buyer, influegcthe deployment rate of the ADAS.
Furthermore, current methodologies to investigatdtiple actor decisions are based on
models of different types of systems than the aesiclered here. The main difference is in
the types of relations between the actors andgbke u

1.5.5 Social relevance

This dissertation investigates the responses afradb each others’ deployment actions
regarding ADAS, and the reaction of the user toséhédeployment actions in terms of
adoption (i.e. buying an ADAS on their next new)c#& model of actors’ interactions in
ADAS deployment is provided with which the outconséwvarious deployment scenarios (i.e.
combination of actors’ deployment options), in terof the user reaction, can be explored.
This knowledge supports decision-making regardingdAS8 deployment actions.
Consequently, it contributes to ADAS deploymengéeneral, and eventually to solutions for
the problems arising from a high level of mobility.

Improvements in traffic safety and traffic flow iefency are highly desirable, as a result of
the high level of mobility in countries like the therlands. The impact of ADAS on traffic

safety and traffic flow efficiency are promisingjtithey are not yet deployed on a sufficient
scale to take effect. The deployment of ADAS reggiiactions to be taken by actors — public
authorities, automotive industry and insurance camgs. Generally, these actors will take a
deployment action based on the impact they exmecegult from this action, and as such,
knowledge about these impacts is essential to dewidich actions to take. In ADAS

deployment, the impacts depend on user adoptioth@®f ADAS. User adoption can be

influenced by the deployment actions of multipléoeg. This means that, in order to decide
which action to take, actors need to be informedhef influence of their action on user
adoption. Furthermore, they need to be informediatiee deployment actions of other actors
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as a reaction to their deployment action, andriflaence of these deployment actions on user
adoption. Current knowledge regarding user adopioADAS is limited to the preferences
of users for different types of ADAS. Knowledge @eployment actions of actors is currently
limited to the positions of actors with respecAAS technology.

1.6 Case study: The Netherlands

In order to minimize complexity in the empiricalidies, it was decided to focus on a single
country as a case study. This means that it isneoessary to include national actors of
multiple countries, whose organization and opiniomay differ substantially. Since this
research project was funded by the Transumo rds@aogram, which focused on sustainable
solutions for transport in the Netherlands, theiaghmf the Netherlands as a case study is
obvious. Moreover, the Netherlands is, among oEh@opean countries, an interesting case
with respect to the urgency of the transport pnoisle This means that, because much
attention has already been paid to ADAS deploymerihe Netherlands, actors are well
informed about ADAS.

The Randstad area, a densely populated urbanratha West of the Netherlands, has a very
high rate of traffic demand versus the providediroapacity, when compared to similar areas
in North Western Europe like the Ruhrgebiet (KiM)08). The societal costs of transport
problems in the Netherlands are 18-23 billion eyp@syear, of which approximately 60% are
due to traffic accidents, 25% to environmental dgenand 15% to congestion (Van Mourik,
2008). Emissions of road traffic contribute to 46%mational CO emissions, 27% of national
NOy emissions, 19% of national noxious dust emissiand, 17% of national C{emissions
(source: Centraal Bureau voor de Statistiek, 20L0¢. time lost in congestion per vehicle has
been continuously increasing over the last decadd, almost doubled since 1995 (Van
Mourik, 2008). Finally, the number of fatal traffaccidents has been decreasing — around 2%
per year since 1972 — as well as the fatal accidsktper vehicle kilometer (V&W, 2007),
but traffic accidents are still a major drawbackradbility.

The Netherlands is among the seven countries thaerdly perform best in initiating
deployment of ADAS (De Kievit et al., 2008). Howeydeployment actions, performed by
public authorities, have up to now been limitedthe organization of demonstrations and
pilot projects. In 1998, a demonstration of AutoeshtHighway Systems was held in
Rijnwoude, at the opening of a new stretch of rdatkatured vehicles equipped with lateral
and longitudinal guidance, and the platooning esthvehicles. In 2005, as part of the Dutch
national road authority’s innovation project “Roadsthe Future”, a demonstration was held
in Lelystad. A large number of ADAS were demongttaincluding systems still in R&D and
systems that were already introduced to the maFwthermore, several ADAS were tested
in pilot projects, including Intelligent Speed Adaton in a residential area in Tilburg (AVV,
2001), Lane Departure Warning Assistance for tryékgV, 2003) and the combination of
Adaptive Cruise Control and Lane Departure Warriorgprivate vehicles (Rijkswaterstaat,
2007). More recently, five types of crash avoidasgsgtems were tested in the Netherlands in
a pilot with 2,400 trucks (Hogema, 2009).

A focus on the Netherlands as a case study doemeah a focus only on Dutch national
actors. Cars sold in the Netherlands are almoslusixely produced by the automotive
industry outside the Netherlands, so it is a netgeds include the foreign automotive
industry. Furthermore, next to national authoritie®) authorities can also influence the
deployment of ADAS. Since the empirical studies aomcentrated on one country, the
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mathematical model estimated based on the outcofmdgse studies is not expected to be
applicable to other countries. However, that does mecessarily hold for the underlying
theoretical framework. The conditions under whileé theoretical framework can be applied
to other countries are discussed in Chapter 10.

1.7 Conclusions

The current level of traffic demand is exceedingitifrastructure supply in densely populated
areas, such as the Randstad area in the NetherlEmddeads to problems in terms of traffic
safety, traffic flow, and the environment. New teclogies, such as Advanced Driver
Assistance Systems (ADAS), are promising meansetp dvercome these problems. To be
effective, ADAS need to be installed in a substntumber of vehicles. The development of
the deployment rate of ADAS depends on the deployraetions of relevant actors — public
authorities, the automotive industry, insurance ganies, and users. Current knowledge
about the actors with respect to ADAS is focuseguoblic authorities and users. They have
been asked to evaluate alternative technologids;apely to evaluate alternative deployment
options for a single technology. Their positiongareling ADAS are fairly well known, but it
is uncertain what the relation is between thesatipns and the deployment actions these
actors can be expected to take. As a consequemegyatential interactions between the
actors’ deployment actions have also yet to beiatudrinally, the influence on actual
decisions of expected impacts on decision criterizot yet clear. This dissertation addresses
these knowledge gaps. ADAS deployment is viewed agstem of actors’ interactions, of
which a mathematical model is developed in ordeexplore different decision scenarios.
Empirical data on the relation between deploymectioas of public authorities, the
automotive industry, insurance companies and usersed to estimate the model. The model
is applied to provide insights into the potentiatsess of ADAS.
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2 Preliminary explorations of actor preferences
regarding ADAS deployment

How do actors evaluate ADAS and ADAS deploymeniams? How do these evaluations
depend on criteria with respect to safety, costjrenment, etc? Two workshops, aiming to
derive actor preferences regarding safety measnresad transport, served as preliminary
explorations for specifying the investigations aaekby this dissertation. The first workshop
was held in Amsterdam, April 6, 2006, during theettraffic conference, as part of the EV) 6
framework project IN-SAFETY. The second workshopsweeld in Eindhoven, March 28,
2007, during the TNO symposium on Co-operative ¥lehinfrastructure Systems, and was
part of the Transumo project Intelligent Vehiclas. evaluation of these workshops has led to
the insight that instead of an approach that fogwsepublic authorities’ deployment actions,
an approach that studies multiple actors’ acticetteb fits the case of ADAS deployment.

23
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2.1 General approach in the workshops

The main assumption in both the Amsterdam and théhBven workshops was that public
authorities have the chief responsibility with resfpto problems of traffic safety, traffic flow
efficiency, and the environment. The workshops $eclion the use of Advanced Driver
Assistance Systems (ADAS) already available omtheket to address these problems. Table
2.1 shows an overview of ADAS, their main applioatiareas, and if, and how, they are
cooperative, together with what their deploymeagstwas in 2006 (the relevant date for the
workshops). It can be concluded from this tablg the systems that are already on the
market are merely effective on individual drivefedg and/or driving convenience. Since the
current potential of ADAS to solve transport probiefocuses on increasing traffic safety,
this was the area of interest in the workshops.stubal effects on traffic flow are only
expected from the deployment of a next generatioAAS, using vehicle-to-vehicle, or
vehicle-to-infrastructure, communication (Bishop008). Apart from the necessary
establishment of a communication standard, systhaitsenhance traffic flow need a large
deployment rate to become effective (e.g. Vandef\ateal., 2002).

In the first workshop, in-vehicle (ADAS) alternatiy were compared to infrastructure,
together with co-operative vehicle-infrastructurkermatives designed to increase traffic
safety, while the second workshop focused on a eunmbsafety-enhancing ADAS only.

It was decided to organize workshops instead o¥eys since a secondary goal, next to
collecting data for research, was to increase avesgeand interaction among key actors in
traffic safety and ADAS, in order to stimulate plei solving. A disadvantage of using a
workshop to collect data is that all participanévén to be gathered at the same place at the
same time. Furthermore, single participants coulchidate the discussion, and it requires a
lot of effort to accurately record all workshop @aaWith respect to the organization issue,
both workshops could be organized as part of aetacgnference, where many participants
from target groups were already present. Furthezmsome of the disadvantages could be
taken away by using a mobieroup Decision RoonfGDR) facility. A GDR facilitates the
process of decision-making by groups, and inclualesariety of tools like brainstorming,
surveys, polls, and categorization. The advantdgesing a GDR over a regular meeting is
that people can participate anonymously, and theargdge of using a GDR over an
individual survey is that people can react on eattler’s input. In both workshops, the GDR
facility was primarily applied in order to colledata efficiently, and to be able to present the
results during the workshop.

2.2 The Amsterdam workshogf

This workshop was part of the IN-SAFETY project (B framework program), which
aimed to “use intelligent, intuitive and cost-eifist combinations of new technologies and
traditional infrastructure best practice applicasipin order to enhance the forgiving and self
explanatory nature of roads” (Wiethoff et al., 20p66).

% This work was performed in co-operation with parmwithin the IN-SAFETY consortium. For the coniple
description of this part of the project | woulddiko refer to:

Wiethoff, M., Marchau, V. A. W. J., Waard, D. d.,altd, L., Brookhuis, K. A., Macharis, C., Bruckét, d.,
Lotz, C., Wenzel, G., Ferrari, E., Lu, M., and Damj S. (2006). "Implementation scenarios and cptsxce
towards forgiving roads." Deliverable 1.1, In-Sgf€onsortium.
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Table 2.1: Overview of ADAS characteristics groupe by functionality

Application Deployment
area Cooperation  stage (in 2006)
S @
o o8 £ 3
s E|E e g £
3] S - of 8 s 3B 3 2
2 |5 % 8|2 § 5| 8 £ =
(%) O 0 Fl< > > 04 £ O
Lane keeping Lane departure warning A/B X X X X
Lane keeping assistance A/B X X X X
Lane/road departure avoidance B X X X
Distance keeping Headway advisory B X X X
Adaptive cruise control B X X X
Low speed ACC B X X X
Full speed range ACC B/C X X X
ACC+Stop&Go A/B X X X
Cooperative ACC B X X X X
Speed keeping Intelligent speed assistance A/B X X X X
(warning)
Intelligent speed assistant B X X X X
(intervening)
Crash avoidance| Forward collision warning A/B/C| X X X X
Forward collision mitigation B X X X X
Forward collision avoidance A/B/( X X X X X
Blind spot warning A/BIC X X X
Lane change support A/B/ X X X X
Parking assist B X X X
Backup/parking assist B X X X
Crash mitigation| Precrash brake assist B X X
Precrash systems B/C X X N/A
Vulnerable road Pedgstrian detection and B/C X X X X
users warning
Pedestrian protection C X X N/A
Emergency E-call c X x| NA
notification
Vision Adaptive front lighting X X X
enhancement | Night Vision A/B X X X
Conditions Driver impairment monitoring B/C X X X
Eg(r)'ng?/riga'cle/ Driver alcohol measurement C X X N/A
en\I/\i/roane:’lt) S]g?]ﬂosrlijrr]?ce condition B/C X X X X
Local hazard warning A/IC X X X X
Local risk information C X X X N/A
Emergency braking C X X X N/A
Electronic stability control C X X X
Traffic flow Speed advisories B X X
enhancement | Traffic responsive ACC B X X X
Traffic jam dissipation B X X X X
Start-up assist (traffic lights) B X X
Automated Automated vehicle control A/B X X X X X *
driving Platooning A/B X X X

Bishop (2005)
Vollmer et al. (2006)

Z0m> *

No information available

people movers were introduced, but autonomoiwéndy in normal passenger cars is not
Ehmanns and Spannheimer (2004)
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The workshop was part of the first stages of thegeot, and aimed to assess the feasibility of
traffic safety measures, in terms of their compliance to the adivjes of important road
transport actors: users, public authorities, armilistry (automotive as well as traffic system
manufacturers). Since actors usually have more ¢im@nsingle objective, there is a need for
ex-ante evaluation methodology to derive a pripation of traffic safety measures for each of
the actors. Possible methods of ex-ante evaluatiolude Cost-Benefit Analysis (CBA),
Cost-Effectiveness Analysis (CEA), and Multi CrigeAnalysis (MCA). Since the aim is on
feasibility of traffic safety alternatives in termo§ compliance to actor objectives, and not in
terms of costs, an MCA was performed to derivergrzations of these alternatives for users,
public authorities and industry.

2.2.1 Methodology

In an MCA a set of predefined alternativess analyzed in terms of the scores of these
alternatives ¢,,] on a number of important decision critenra Furthermore, the importance
of the criteria is determined in terms of the wesgjw,| of these criteria. The overall scores
[S)] of the alternatives are a function of the scomes criteria — the decision rule - and
indicate the prioritization of the alternatives.uadly this function is the weighted sum of the
scores (2.1).

S, =D Wl 2.1)

In order to obtain comparable scores, and to deowmerall scores from them, different
methodologies have been developed to assign nuniéhe score and the weights. In this
case, the methodology of the Analytic Hierarchydess (AHP; Saaty, 1980) was applied.
This methodology involves pairwise comparisons ltdraatives on criteria to determine the
scores, and pairwise comparisons of criteria terd@he the weights. Both are measured on a
nine-point scale, as shown below. If alternative apiterion A completely dominates
alternative or criterion B, the value 1/9 is reeanlf it is the other way around, the value 9 is
returned. And, if both are equally important, ttadue 1 is returned.

A>>B A>B A =B B>A B>>A
A /9 1/v 1/5 1/3 1 3 5 7 9 B

This reciprocal instead of linear scale was used eesult of the matrix-style calculations of
the weights and scores. The weights vectay] [and them scores vectorsef] are the
eigenvectors of the matrices of pairwise compassah the criteria and alternatives
respectively. The overall score of the alternatieeproduced by the weighted sum of the
scores on criteria.

Alternatives

In the workshop, 18 alternatives towards forgivamgl self-explaining roads were considered.
These alternatives were generated by addressinfivthéypes of driver behavior that most

frequently are the causes of traffic accidentspating to European and German national
accident statistics. One additional type of drivbehavior was included by the experts within
the consortium. To mitigate the traffic safety cemsences of these six types of driving
behavior, three groups of alternatives were comsdlan-vehicle alternatives, infrastructure
alternatives, and co-operative alternatives (i.ehisle-vehicle or vehicle-infrastructure).

Table 2.2 gives an overview of the alternativeficafafety measures.
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Table 2.2: Alternatives considered in the first wokshop

Driver behavior related
to traffic accidents

In-vehicle alternatives

Infrastructure
alternatives

Co-operative
alternatives

Speeding

Speed sign recognition

Speed warning (Variable
Message Sign)

Speed alert (digital
map)

Wrong use of lane

Lane Departure Warning
Assistant (LDWA)

Audible delineation

Adaptive LDWA

Violation of priority rules

Priority sign recognition

Priority signs

Traffic light status
emission to vehicle

Failure when overtaking

Blind Spot Detection

Rumble strips

Overtaking warning
(vehicle-vehicle)

Insufficient safety
distance

Forward Collision
Warning

Distance warning
(Variable Message Sign)

Dynamic Forward
Collision Warning

Too fast in unexpected
sharp bend

Bend warning (digital
map)

Bend warning (Variable
Message Sign)

Bend warning (local
beacons)

Criteria

For each of the three actor groups, a number tdr@iwere pre-defined by the IN-SAFETY
consortium members, based on earlier experience. uBer criteria included were driver
comfort, driver safety, full user cost, and tratrele duration. The public authorities’ criteria
included were environmental effects, network edfidy, overall safety, public expenditure,
and socio-political acceptance. Automotive industiyriteria included were investment risk,
liability risk, and technical feasibility.

The scores of the alternatives on these criteriee vdetermined prior to the workshop by
experts within the IN-SAFETY consortium, and traetl into the nine-point scale explained
above (see Wiethoff et al., 2006).

2.2.2 Workshop outline

In the workshop, 27 people participated: 11 reprisg public authorities, 9 representing
users, and 7 representing the automotive and draftiustries. The participants originated
from different European countries.

After an explanation of the alternatives, the cidteand the GDR system, the following tasks
had to be performed by the participants:

1. A pair-wise comparison of criteria per actor group;

2. Specification of additional criteria to the pre-ded lists;

3. Provision of comments on all criteria, followed &group discussion.

During tasks 2 and 3, the data collected withitk thsvas processed, resulting in the overall
scores per alternative per actor.

2.2.3 Results
Here, the focus is on the overall scores of ther@dtives, and the discussion on criteria. The

details of how the overall scores on the alterestiwere derived can be found in Wiethoff et
al. (2006).

Overall scores of alternatives

The overall scores of the alternatives are predent&igures 2.1 — 2.3. Each of these figures
presents the overall scores of each actor for étigeogroups of six alternatives introduced in
Table 2.2: in-vehicle alternatives, infrastructaiéernatives, and co-operative alternatives.
For each actor, the sum of the overall scores aNd8 alternatives is equal to 1. The overall
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scores are based on an average over all respondpneésenting an actor. The alternatives are
presented in order of increasing average overatiescover all actors.

Overall scores in-vehicle alternatives
0,08
0,07 -
0,06 - —o— Users
0,05 —&— Industry
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Figure 2.1: Overall scores of in-vehicle alternatigs

With regard to in-vehicle alternatives, the warnifoy unexpected bends scores has the
highest average score. For industry, this altereais about equal to forward collision
warning, and for the users bend warning is aboutletp blind spot detection. For public
authorities, the score of speed sign recognitiohighest. Overall, the scores of most in-
vehicle alternatives are higher for public authesithan for the other actors.
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Overall scores infrastructure alternatives

0,12

0,1

0,08 —e&— Users
—— Industry

—aA— Public authorities

0,06

0,04

Figure 2.2: Overall scores of infrastructure alterratives

With regard to the infrastructure alternativesgan be concluded that they generally score
highest for industry. The priority signs alternatireceives the highest average score over all
actors, mainly because of the relatively high sdorendustry. For users, the score on bend

warnings via variable message signs is highest.pibtic authorities, the score on speed

warnings via variable message signs is highest.
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Overall scores co-operative alternatives
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Figure 2.3: Overall scores of co-operative alternates

With regard to the co-operative alternatives, vighio-vehicle overtaking warning has the
highest average score, but not for any of the idda&f actors. For public authorities, the score
of speed alert by digital map is highest. For uysbend warning by local beacons scores
highest. For industry, there is a tie between s@ded and unexpected bend warnings. With
respect to the other groups of alternatives, tfferénces between the scores of co-operative
alternatives and between the actors are relatsraigil.

In general, it can be observed that infrastructaiternatives score highest for industry,
alternatives that address speeding score highegiulolic authorities, and alternatives that
address unexpected bends on rural roads scoreshiffireusers. However, the differences
between the alternatives and the actors are quitiet, except for the high score of industry
for priority signs.
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Overall scores and range between actors
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Figure 2.4: Overall scores of the alternatives antange between actors

In knowing the prioritization of the individual ags, it is interesting to see on which options
(with a high score) there is most agreement amdingctors. Figure 2.4 shows the sum of
scores over all actors, for each alternative piptegainst the maximum difference between
the scores of the different actors — the actoreaftpe top left alternatives, that have a high
overall score with a small range across actorsldcba considered as promising. The two
alternatives, that can be considered as such odinerfrastructure alternatives: speed warning
via variable message signs, and rumble strips @éggmt overtaking failure. Most agreement
among actors can be observed regarding co-operaltiematives, but these have relatively
low scores.

Group discussion on criteria

In Table 2.3 the comments of the participants o pine-defined and added criteria are
summarized. It was found that most criteria addgdhie participants refer to prerequisites
rather than to decision criteria. Prerequisites ‘(ousts’ instead of ‘wants’ that refers to
criteria) need to be satisfied to a certain leveloke an alternative becomes feasible for
deployment (e.g. harmonization, self-explanatofyje main difference with decision criteria
is that there is no trade-off possible with preiees. They particularly play a role in the
early stages of a project, when feasible alterpativeed to be determined. Decision criteria
are then used to determine which feasible altareatiits the (multiple) goals best. The fact
that prerequisites are often mentioned, illustraétescurrent preliminary standing of ADAS
deployment in Europe. Furthermore, the outcomehisfdiscussion show that there is a need
to take deployment issues into account (e.g. inapod of human factors, international
harmonization etc.).
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Table 2.3: Additional criteria and comments

Public authorities

Summary of comments

Environmental effects

Expected positive relatiotwsen safety and
environment, but not in all cases.

Network efficiency

Safety and efficiency are rethtPositive effects on one
part of the network can have negative on another.

Overall safety

Attention needed for vulnerable raadrs.

Public expenditure

Cost-benefit analysis is neggssbart difficult since
measures have multiple (intended) effects. Retarn o
investment should be considered from other se¢haalth,
economy, etc)

Socio-political acceptance

Difficult barrier. Meassi to increase acceptance needegd.

Human factors*

Authorities should take human fagiato account better

Public consultation*

(unclear)

Socio-economic impact*

(no comments)

Network interrelations*

International cooperaticgcassary

Communicative context*

Amount of information pretshhas to be tuned to what
the driver can handle

Harmonization*

Not only international but also nwrttodal cooperation

Accessibility of transport system*

Overall acced#ibof the transport system by all modes

Self-explainability and clarity
design*

Too many traffic signs do not help users

Liability of public authorities*

Issue in case afgvision of safety-relevant information

Public health*

Costs of safety-measures are highyeéry effective taking
into account the costs of fatalities

Implementation questions*

Difficulties when implentiag same measures over all
EU-countries

Users

Driver comfort

Comfort for drivers and passengers

Full user cost

Only applicable to in-vehicle measur
Public authorities should avoid competition on safe
features by introducing legal obligations

Driver safety

Also safety for passengers and peopiside the vehicle

Travel time duration

Very important criterion, baight be hidden

Maintenance cost*

Should be low

Integration of functions onboard*

Important foregfcomfort/costs

Harmonization*

Avoid confusion and reduce costs

Industry
Investment risk Fundamental issue for manufacturers
Liability risk Should be regulated first

Technical feasibility

If it is not feasible, whyki it into account as an
alternative?

*criteria added by the participants

2.2.4 Discussion

The MCA performed in this study gives insights irtee expected support of actors for
deployment of traffic safety alternatives. Howevierhas to be taken into account that the
prioritizations were made for full deployment otthlternatives, and not for the intermediate
deployment steps to be taken to achieve this. Tteglyment steps tend to be very different
when either infrastructure or in-vehicle alternativare concerned. This relates to the fact that
infrastructure measures can be deployed at onédocat a time, and already be effective for
many passing vehicles. While in-vehicles measuaesbe directly effective on an individual
basis for a large area, they need to be deployedl large scale to become effective overall.
Since co-operative measures are a combination ®f, [m@ployment of these measures is
increasingly difficult.
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With regard to the overall scores, the dominancesys-catching of the infrastructure
alternatives for industry, over the in-vehicle amwoperative alternatives. Focusing on the
criteria that were included for industry, it wasifa that all of these criteria intuitively had a
lower score for in-vehicle alternatives comparethwie infrastructure alternatives. It could,
however, be expected that there are also moreiywsides to vehicle measures for the
automotive industry, such as generating competdtheantage. As a consequence,, we should
reconsider the criteria included in future inveatigns.

The number of people participating in the workshegs rather small. This is generally the

case when adopting actors such as public autherdma industry as the target groups of
research. The users were represented by partisidesrin user organizations, or general

participants at the meeting. The latter are usuadiyer informed than the average road user.
There is uncertainty, therefore, on the extent hactv these results can be generalized for all
actors.

For comparable investigations in the future, tedisommended to include deployment options
as a means to differentiate between deploymensstegrthermore, it is recommended to
reconsider the criteria to be included for the etéht actors in the investigation. In the
subsequent workshop, these recommendations hamegdies into account.

2.3 The Eindhoven workshop

The focus of the second workshop in Eindhoven wasajety-related ADAS only, and the
possible options policymakers can apply to infleendeployment of these ADAS.
Furthermore, relevant decision criteria, with retge ADAS deployment, were assessed.

2.3.1 Methodology

In reviewing the results of the first workshop imméterdam, it was learned that more
attention should be paid to deployment aspects,tlaadcriteria should be further explored.
Consequently, it was decided to organize the seemiéishop on the basis of performing a
survey on these issues. The input for the survesgisted of a set of safety ADAS that were
already on the market, a set of policy options gablic authorities to influence ADAS
deployment, and a set of important criteria forisiea-making.

ADAS

The workshop included a selection of ADAS that adie have been introduced onto the
vehicle market, and of which deployment is exped®de mainly public policy driven.
Currently, systems have been introduced that masaolyport driving convenience and/or
safety (see Table 2.1). Since public authoritiesraore interested in improving traffic safety
then in improving driving convenience, their fociwuld be on ADAS that enhance traffic
safety. Most safety effects are currently expedtech support of simple driving tasks, such
as lane keeping and distance keeping, and fromtororg the condition of the driver.

Consequently, a set of ADAS with four different pop functions was selected, i.e. (1) lane
keeping, (2) distance keeping, (3) speed keeping, @) driver drowsiness/impairment
monitoring. For each of these functionalities, wwagnand active assistance variants were
included (see Table 2.4), except for driver momigyr for which only a warning variant is
available.



34 Getting ADAS on the Road

Table 2.4: Relevant ADAS for public authorities

Functionality Warning variant Active assistance vaiant
Lane keeping Lane Departure Warning Lane Keeping
Distance keeping/

. . Forward Collision Warning Forward Collision Avoidamn
head-tail crash avoidance
Speed keeping Speed Limit Warning Speed Limit Keeping
Driver monitoring Driver Impairment Monitoring -

Public authorities’ deployment options

Public authorities can play different roles in tteployment of new technologies in transport,
such as ADAS. Possible roles are that of a mon&dramework body, an implementer, an
R&D agent, an innovation agent, or a developergdan1995). Depending on the role they
want to play, they can use policy measures — ADABIay/ment options — to influence the
development and/or deployment of ADAS. In gengrablic authorities’ deployment options
regarding in-vehicle systems can vary from doin¢ghimg (and let the market decide what
happens) up to legally mandating the use of a sygeeg. as applied to speed limiters for
trucks in the Netherlands). In between, therevisde range of stimulation measures available
to influence deployment of ADAS. Without being campensive, these other options include
actively supporting standardization activities, astimulating purchase and use by, for
example, awareness campaigns and financial in@n(e.g. eSafety Support, 2007). Figure
2.5 indicates that both the supply side (automaidistry) and the demand side (users) of
the ADAS market can be influenced by public auttesl deployment options. Evidently,
different deployment options can be combined oused on specific types of vehicles, users,
roads, etc. The workshop included doing nothingnaardization, stimulation, obligation for
target groups, obligation for all users, and priaitub of the ADAS. Combinations of these
deployment options were not considered.

Public Authorities

~

g v v
< | Automotive User
E Industry

<

)

<

Figure 2.5: Public authorities’ influence on ADAS eployment

Decision criteria

A preliminary list of decision criteria was deveéap based on an overview of criteria for the
three main actor groups that are usually studieé g. ADVISORS, 2002; Lathrop and
Chen,1997): users, public authorities, and theotaative) industry. This list was to be

assessed on comprehensiveness and importance lptkehop participants. To create this
overview, five studies that define actor decisidateda — or objectives from which criteria are
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derived — were selected. These studies were dharfield of intelligent transport systems.
From these studies, a number of categories ofrieriteere identified (see Table 2.5). The
criteria for interest groups were included in tho$ehe user, since these reflect the interests
of general users as well as specific target grodps basis for these overviews, the extensive
list of criteria created by Lathrop and Chen (198@)Automated Highway Systems was used.
For public authorities, a number of criteria wedeled that were mentioned in a recent policy
document for the Netherlands (Nota Mobiliteit, V&R2Q04).

Table 2.5: Overview on categories of criteria

Actor group Category Examples of criteria
User Safety Driver safety®
Cosf* Vehicle capital co8t

Vehicle operating co$t
Maintenance co’t

Travel time Travel time predictability
Societal, environmental impatts Accessibility
Environmental impacts
Operating convenience System incrementdlism
Border crossing functionality
Privacy Development of databases including personal
informatiorf
Driving convenience Comfd¥f*
Required skilld
Other Clarity of benefifs
Efficiency’
System imade
Public Cost87¢ Maintenance costs
authorities Infrastructure costs
Safety Traffic safefy”*¢
Fatalitie$
Injuried
Environment Environmental impa&fs
CO, emissions
Land usé
Traffic (flow) efficiency System throughptit*

Accessibility of locations
(Reliability of) Travel time5s
Time lost in congestidn

Institutional attractiveneds Information provisioh
Socio-political acceptan&e
Accessibility Accessibility of transpdrt
Industry Profitability Market demand
Investment risk
Liability ®* Liability**
Competitive | Cost advantage Manufacturing efficiencyf
advantag® | (Porter, 1985) Maintenance service costs
Differentiation Customer objectivd$ (Comforf, Safety, Imagé)
advantage (Porter, Marketability’
1985) or Technical feasibilit§
Unique selling points | incrementabilit§

3 athrop and Chen (1997)\Valta et al. (2005fReed et al. (1996JADVISORS (2002)“Wiethoff et al. (2006);
'Rijkswaterstaat (2008)

For public authorities and users, the categoriessanilar, but the related criteria show that
public authorities have a social perspective, wéeréhe users have an individualistic
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perspective. For example, while system throughpua icriterion for authorities, users are
interested in travel time predictability. The crigefor industry include many that are similar
to those of authorities and users, but these seebetsubordinate to their main goal of
sustainability of the company.

It was decided to create one list of criteria fibtlee actors in the workshop. Since the level of
detail in the individual criteria in Table 2.6 @r¢e, a shortlist of criteria was created. This
shortlist included the categories listed in Tablg, &ithout privacy and accessibility. These
were thought not to be main issues with respedh¢oADAS included in the workshops.
Furthermore, for greater clarity some category reamere replaced by one of the underlying
criteria.

Shortlist of criteria included in the workshop:
- Safety;

- Costs;

- Travel time/network efficiency;

- Environmental pollution (incl. noise);
- Product incrementability;

- Driver comfort;

- Driver freedom;

- Product image;

- Profitability;

- Liability.

2.3.2 Workshop outline

The participants for the workshop were dependernthersymposium participants. Since there
were few participants from user organizations, awahy more from research institutes, it was
decided to include the latter as an actor groupeats of users. General participants to the
symposium were considered to be too well inforntecepresent general users. Consequently,
the actor groups included in the workshop were ipudlithorities, industry, and research

institutes.

In the workshop, 29 people participated: 11 représg public authorities, 9 representing
industry and 9 representing research instituteg. gdrticipants were from the Netherlands,
Belgium, Germany, Italy, Sweden, Finland, Greea# thie United Kingdom. There were two
workshop sessions, one with 18 participants, ofctwhihe majority represented public
authorities and industry, the other with 11 pap@eits, of which the majority represented
research institutes.

After a short explanation of the ADAS to be consgdkin the workshop, the following tasks

had to be performed by the participants:

1. Indicate which of the given public authorities’ ttgnent options is most suitable for
different ADAS;

2. Comment on the relevance of the given criteria t{@aants could read each others’
reactions);

3. Add one criterion per participant, and then votachtb criteria should be added to the
list;

4. Rate the criteria of the updated list on a scal®1-
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2.3.3 Results

Public authorities’ deployment options

Figure 2.6 summarizes the results of the evaluatfaiternative deployment options. Each of
the diagrams in this Figure shows the percentagheftespondents that chose a particular
deployment option for one of the ADAS, and whichtoacthey represented. The total
percentage for each diagram is 100%, which is gvdisitributed among the actors {8%

per actor).

Generally, industry prefers a less active rolehmypublic authorities than do researchers and
the public authorities themselves. This might be ttuindustry generally not being very fond
of regulations, since, for example, they decrelsepportunity for competitive advantage. In
contrast, public authorities and researchers are fazused on unleashing the potential of
ADAS to contribute to the solution of transport iplems.

For Lane Departure Warning and Forward Collisionriifay there is (almost) a majority that
states stimulation to be the most suitable measuth,no large difference between actors.
With regard to Lane Keeping and Forward Collisiomoflance, standardization is the most
preferred option, showing that the technology i$ cansidered to be ready for large-scale
deployment.

A major role for the public authorities, by mearfssbmulation or obligation, seems to be
generally found most appropriate for Speed Limitrkifag, Speed Limit Keeping, and Driver
Impairment Monitoring. However, there is also ag&adifference of opinion, regarding these
systemspetweenthe actor groups, as well asthin the actor groups. These differences are
specifically large for Speed Limit Keeping. Surprgly, the majority of public authorities
saw a more limited role for themselves than thew#ctors did.

The participants were also asked to specify whygke tof incentive they found most suitable
(in the cases where they chose an incentive) anchviarget groups (in the cases where they
chose obligation). With regard to the incentivei@ms, most actors agree on financial
incentives (by tax reduction or insurance premiwgduction) being the most appropriate
incentives. If an ADAS should become mandatoryaftarget group, most participants agreed
that this should be truck drivers, and to a lesgégnt bus drivers.

The results show a wide range of differences imiopi between, and within, the actor group
with respect to the ADAS considered. These diffeesnmay be caused by differences in
perceived effectiveness of the systems, and gertkff@rences in opinion about policy

intervention in ADAS deployment. General differes@e opinion between the ADAS may be
caused by differences in development stage of yhesis. Apart from a number of systems
that are still being developed, none of the ADASwasigned a minor role for the public
authorities, which confirms the pre-selection dikely — policy driven ADAS.
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Figure 2.6: Prioritization of policy options in %
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Group discussion on criteria

The participants were asked to comment on the efieetl criteria. The most important
comments — on safety, travel time/network effickenenvironment, driver freedom, and
liability — are summarized below.

Safety- The participants have different perceptions mgigg safety. For instance, some value
safety by loss of life, and others value safetysbgietal costs of accidents. Alternatively,
safety may have been interpreted by some of thiecjpants as inherent system safety, which
could be considered as a prerequisite for ADAS agpént, instead of a contribution to

traffic safety.

Travel time/network efficiency Participants from different actor groups valhgs tcriterion
differently. As expected, participants from pubdiathorities are more interested in network
efficiency, while participants from industry are raanterested in travel time, reflecting their
customers’ interest. The participants from reseanshitutes address both perspectives, but
state that ADAS are mainly effective regarding ratwnefficiency.

Environment -Environmental issues are considered an enormousglrforce by some of
the participants, but very sensitive to trends. @iseussion is complicated, since there are
different opinions about the expected effects ofA&Don the environment. If the general
attitude will be ‘to apply everything that helps pmotecting the environment, even if the
effects are small’, environment may become a dgiviorce of ADAS deployment. Other
(technological) solutions, however, are probablyereffective.

Driver freedom- Some of the participants see the limitationrofed freedom as obvious and
necessary to achieve policy goals, but some alte #t to be a politically sensitive issue,
which is confirmed by some very strong statemegésrest limitation.

Liability — The resolution of liability issues mainly seetnosbe a prerequisite for ADAS
deployment. It is not clear whether liability issugould be included in trade-offs that actors
make, in order to decide which option to implement.

Addition of criteria

Since the pre-defined list of criteria was basedit@nature only, participants were asked to
add criteria to the list before the importancen@tiook place. By a voting procedure, eleven
criteria were added in the workshop sessions, aElwbBome were comparable. In the first
workshop, session driver acceptance/user friengine standardization/international
application, certification/validation, technical rfigmance, level of adaptation needed, and
driver distraction, were added. In the second wuoks session, public acceptance,
deployment aspects, legislation/laws, privacy, stathdardization were added. These criteria
were included in the importance rating assignmieuit,only for the participants in the session
that added the criteria, which means that the piresk criteria were rated by a larger group
of participants than the added criteria.

Importance of criteria

The participants were asked to rate the importarficee criteria on an 11-point scale.. This
scale is detailed enough to make a distinction eetwthe criteria included, and is still

capable of being understood, since it is a commaplylied system for grading. Table 2.6

shows that safety and driver acceptance were egdtle most important criteria. They also
have a relatively low standard deviation, showingar@e amount of consensus about the
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importance. Almost all criteria have a higher scthren 5 out of 10, which means that all
criteria included are relatively important to tharfcipants. However, the standard deviation
of many of the criteria is relatively large, indicey that there is a lower amount of consensus
about the importance of these criteria, than therdor safety and driver acceptance.
Unfortunately, due to the level of anonymity of tdata resulting from the GDR, the
importance scores could not be evaluated per actor.

Since participants in both workshop sessions cadld criteria, which were then evaluated
only in their own workshop session, the number edpondents for each of the criteria in
Table 2.6 varies. Furthermore, some participardshdi provide answers for all criteria.

Table 2.6: Importance rating of criteria

Criterion Mean N Std. Deviation
Safety 9.45 29 1.121
Driver acceptance 8.41 17 0.939
Technical performance 7.61 18 1.944
Liability 7.41 27 2.308
Driver distraction 7.35 17 1.998
Costs 7.11 28 1.892
Level of adaptation needed 7.00 18 1.879
Certification/validation 7.00 18 2.058
Standardization 7.00 29 2.220
Environment 6.62 29 2.211
Public acceptance 6.40 10 1.578
Deployment aspects 6.30 10 2.312
Profitability 5.88 26 2.957
Driver comfort 5.75 28 2.222
Travel time/network efficiency 5.72 29 2.999
Legislation/laws 5.45 11 2.296
Privacy 5.45 11 3.045
Driver freedom 5.18 28 2.894
Incrementability 4.96 26 2.088
Image 4.58 26 2.873

When using the resulting list of criteria for fugthresearch, one should be aware that some of
the criteria added by the participants have hidiaat relations with other criteria, or merely
represent prerequisites for the decision criteAa. example of a possible hierarchical
relationship is the one between driver distrachod safety. It is important to identify these
hierarchical relations, in order to avoid includieriferia in research that are highly correlated.
Prerequisites are, unlike criteria, not includedrade-offs, but have to be satisfied at a certain
level in order to include a certain option in demismaking (see also 2.2.4). Criteria such as
certification and standardization, for example,bataly represent prerequisites. The fact that
these criteria were referred to primarily by théoes themselves, might illustrate the current
premature status of ADAS deployment in Europe.

2.3.4 Discussion

From the results of the second workshop, it carcdrecluded that the participants expect
public authorities to play an important role in ABAleployment, but that this role depends
on the type of ADAS considered. Previously, it baen assumed that public authorities have
the main responsibilities with regard to transgpodblems, such as traffic safety. While this is
not queried here, the deployment of ADAS to inceetaffic safety involves more decision-
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makers than public authorities alone, such as inglasid possibly insurance companies. This
is different from the application of infrastructuwelutions, in which industry is also involved,

but does not make deployment decisions. As a retbgltrate of deployment of ADAS is not

under the complete control of the public authasitignless they mandate the ADAS for all
vehicles, which is highly unlikely). However, thate of deployment is very important for the

effectiveness of ADAS.

Consequently, it is important to focus more ondkeisions of other decision-making actors,
regarding ADAS deployment in further investigatidinis would lead to a very complicated
situation if the problem-oriented approach, whistcommon in current research, were to be
applied. All decision-making actors that influenédAS deployment have their own
problems for which ADAS are a potential solutiongddave their own alternative solutions to
these problems. For example, public authorities rbayinterested in safety, and prefer
infrastructure alternatives next to ADAS, while ustiy is interested in competitive
advantage, and prefers (other) driver comfort aystioext to ADAS.

Since there is not a clearly common problem amagstbn-making actors that can be the
basis of further, problem-oriented, analysis, itdsommended here to shift the focus in this
research project from solving transport problerosgéployment of a technology that could
contribute to solving transport problems, i.e. ADABis implies adopting a technology-

oriented approach, in which potential deploymemioas of different actors, with respect to a
certain technology, are considered as the alteestiinstead of different technologies to
solve a common problem.

2.4 Conclusions and reflections

This chapter described the results of two worksheitls road transport actors, which can be
considered as preliminary explorations of the pesfees of actors with respect to ADAS
deployment.

Main results of the Amsterdam workshop

A multi-criteria analysis was performed on infrasture, in-vehicle, and co-operative traffic
safety alternatives. The analysis showed thatstifuature alternatives, in general, best match
the criteria of the automotive industry; alternaivon speeding best match the criteria of
public authorities; and alternatives on unexpetienlds on rural roads best match the criteria
of users. Taking into account the height and tingeaof the overall scores for all alternatives,
and all actors, it can be concluded that most attpport could be expected for implementing
variable message signs to prevent speeding, anblewstrips to prevent overtaking.

Main results of the Eindhoven workshop

In the second workshop, actor preferences for padigtions for different ADAS, and the
importance of decision criteria, were assessed. artadysis of the workshop results shows
that industry generally prefers a less active wilgublic authorities in ADAS deployment
when compared with public authorities and reseaschiéor Lane Departure Warning and
Forward Collision Warning, stimulation by publictharities is generally preferred. For the
more intervening alternatives of these systems,eL&®eping and Forward Collision
Avoidance, standardization activities are preferifeablic authorities are generally expected
to play a major role in Speed Limit Warning and &pé&imit Keeping, but, especially with
respect to Speed Limit Keeping, the opinions areddd among actors. Surprisingly, the
majority of public authorities saw a more limitese for themselves than did the other actors.
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Reflection on methodology used in the workshops

From the results of the Amsterdam workshop, it e@scluded that they indicate the general
support of actors for a specific solution, but,ceirthe deployment of infrastructure, in-
vehicle, and co-operative systems needs differgrdst of actions from different actors, no
conclusions can be drawn with respect to which giees are likely to be taken, and by
whom. Furthermore, the results for manufactureesmeal to be substantially influenced by
the choice of criteria, investment risk, liabilitisk and technical feasibility. These mainly
refer to the ‘costs’ and not to the ‘benefits’ bétalternatives, and since these manufacturer
‘costs’ are lowest for infrastructure alternativéss explains the high scores for these. It is
therefore recommended to reconsider criteria iredud future studies, to better reflect trade-
offs made by actors.

Reflection on application of Group Decision RoonD &)

The advantages of using the GDR were that largeuatacof data could efficiently be
collected during the workshops, and that all pgrécts could be equally involved in the
different evaluations. However, there are also salisadvantages with respect to the way
data are recorded in a GDR. For example, unlikalusurveys, all answers are recorded as
single cases, and not as an overall case per ipariic The latter would have made the data
richer, and at the same time would not have com@@inanonymity. Hence, not all data
collected returned the detailed insights that weild/dave liked, but they were sufficient to
obtain interesting results.

In conclusion

The results of the workshops have led to the indigdt, instead of an approach that focuses
on public authorities’ deployment actions, an apptothat studies multiple actors’ actions
better fits the case of ADAS deployment. This ihsigvas an important ingredient in the
definition of the theoretical framework that willebintroduced in the next chapter.
Furthermore, the data collected in the workshopsi@mloyment options and criteria were
used in the remainder of this research project.



3 Conceptual model of actors’ interactions in
ADAS deployment

How are the actions of actors in ADAS deploymefluenced by the actions of other actors?
In addition, how do they decide to take these asfloln this chapter, a conceptual model of
the system of actors’ interactions in ADAS is iolnged. First, the relations between the
ADAS deployment actions of public authorities, tlitomotive industry, insurance
companies, and users are specified. Second, unteriyodels are introduced, that explain
how the actors decide to take actions. These matigisguish between decision-making of
public authorities, the automotive industry, ansuince companies on the one hand, and on
the other hand, decision-making of users. Theyb@m®ed on theories concerning human
decision-making.

43
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3.1 Introduction

In this dissertation, ADAS deployment is definedaasystem of actors’ interactions in ADAS
deployment. A conceptual model of this system iscdbed in this chapter. This model is,
wherever possible, based on existing theories ofimelwise on assumptions. It consists of an
overall model of the system of actors’ interactionsADAS deployment, and underlying
models of actor and user decision-making regardd@AS deployment. The conceptual
model forms the basis of the development of a nmasttieal model, which is required to
study multiple scenarios for the system, and totjfyathe outputs of such studies.

3.2 Conceptual model of actors’ interactions in ADAS dployment

The system of actors’ interactions in ADAS deploymetudied in this dissertation, consists
of the ADAS deployment rate on new vehicles, anel fibur actors presumed to directly
influence this deployment rate by their actions.(users, public authorities, the automotive
industry, and insurance companies). The conceptuadel of this system defines the
interactions between the actors, and the intemastlmetween the actors and the deployment
rate. Figure 3.1 presents these interactions.

Public Insurance
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Authorities Companies
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!
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Industry
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—_— ADAS Deployment rate — —

Figure 3.1: Conceptual model of actors’ interactios in ADAS deployment

In the following sub-section, the roles of the astm ADAS deployment, their interaction
with the deployment rate, and how their actions bannfluenced by the other actors, are
discussed in more detail.

Roles of the actors

Smit and van Oost (1999) distinguish four rolesactors in technological innovation in
general: technology users, technology developexdhnblogy regulators, and other actors
(those influenced by technology, but not directbmg it). In ADAS deployment, thasers
can be considered as the technology users,atltemotive industryas the technology
developers, andublic authoritiesandinsurance companiess the technology regulators. The
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technology users use, or will use, technology mledi by the technology developers. In
ADAS deployment, the interactions between thesedwtors can be considered as an ADAS
market. Technology regulators are defined as thamters that can influence technology
development by laws, standardization, financiakiitves, etc.

In this interactive network of actors, many possibttions of the actors can be considered,
such as standardization of ADAS technology, or lobp against speed limiters. In this
dissertation, the focus is on those actions treataected to influence the ADAS deployment
rate, i.e. adoption of ADAS by users, and ADAS dgpient actions by the other actors.
Other actions are only implicitly taken into accauror example, the reluctance of actors to
take deployment actions could be influenced byrthenviction that standardization should
take place first.

Interaction with the deployment rate

The deployment rate of ADAS is directly influendey user adoption behavior, i.e. to buy or
not to buy an ADAS on their new car. It is assurhetk that if the users buy an ADAS, they
also use it. Although they can theoretically becéar to buy an ADAS by the other actors,
they are considered here as the main ‘entity’ thhowhich the deployment rate is influenced.

The current ADAS deployment rate can, in turn,uefice the actions of all actors. User
adoption of ADAS can be influenced by the numbeotber users that have already bought it,
and other actors may want to reconsider prior astigince the deployment rate influences
the extent to which their objectives are met.

Influencing users’ actions

According to Rogers (2003), there are five maineasp that influence users decisions to
adopt innovations, and as such the speed with wtnehdeployment rate increases. These
include (1) therelative advantageof adopting the innovation over not adopting &) the
compatibility of the innovation with current practice, (3) tb@mplexityto understand or use
the innovation, (4) thetrialability of the innovation before adopting it, and (5) the
observability of the innovation in the user's daily life. Severd these aspects can be
influenced by other actors. The relative advantafgen ADAS, which is usually determined
by factors such as comfort, safety, costs, imagepsivacy, can be influenced by (financial)
incentives of other actors. The compatibility of ADAS involves the way it fits in current
driving. For example, can the ADAS be used on@dids and in all types of vehicles? This
can be mainly influenced by technology design. Toeplexity of an ADAS involves
whether the user can easily understand how an AAfks. This is also mainly a design
issue. The trialability of an ADAS involves whethgyu can easily experience driving with
ADAS before adopting it. Demonstrations and fréa periods could increase the trialability.
Finally, the observability of an ADAS involves whet people will easily come across
ADAS in daily life. ADAS are currently less obsebka than, for example, navigation
systems that are almost ubiquitous. Media campaigukl increase the observability.

Users can also influence each other’'s decisionthelfdeployment rate of ADAS increases,
this means that the observability and trialabidityo increase, since the probability of meeting
other people with a car equipped with an ADAS beesimigher. It becomes easier then to be
aware of ADAS, and experience the impacts of ADAS.
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Influencing the automotive industry’s actions

With respect to ADAS deployment, the automotiveustdy can, for instance, decide to offer
the ADAS as optional or standard equipment on $ipeeinges of vehicles, offer discounts to
early adopters, or include the ADAS in safety omémrt packages. Retrofitting and
integration of nomadic devices is, of course, g@essible, but not specifically considered in
the present investigation.

Important driving forces for the automotive indysto engage in ADAS deployment are
potential profit, competitive advantage, and unigedling points (e.g. Walta et al., 2005).
Currently, these driving forces mainly seem to gppl several in-car safety and comfort
systems, and user needs and acceptance play a mol@on determining the unique selling
points of a product. A highly institutionalized ewgle in this respect is the EuroNCAP
program, among others backed by consumer orgamizatwhich gives a safety rating to new
car models. Furthermore, regulations can guarasdbss of particular systems, and as such
influence profit. On the negative side, liabiligsues play a role in the automotive industry’s
deployment decisions, which could possibly be re=ibl by agreements on liability
distribution. Currently, this mainly limits the degment of ADAS that completely automate
a part of the driving task, and causes safety Byste be sold as comfort systems.

Influencing public authorities’ actions

As a technology regulator, their decisions are igamimed at influencing the ADAS market.
They can influence user decisions, for instanceinbyeasing the observability of an ADAS
through launching an awareness campaign, or byeasong the relative advantage of an
ADAS through providing tax reductions to vehiclepipped with an ADAS. This indirectly
influences automotive industry decisions. At themedime, they can influence the automotive
industry directly, for instance, by mandating tlggiipment of new vehicles with ADAS by
law.

Walta et al. (2005) showed that the most importimnting forces of public authorities to
regulate ADAS are traffic efficiency (or throughputafety, and cost savings. Environmental
issues were not reported as a driving force in #gtigly, which is probably due to the
relatively small expected contribution of ADAS teduction of fuel usage, and emissions of
CO,; and NQ (e.g. Alkim et al., 2007; Carsten and Tate, 206fwever, dedicated in-car
systems for reduction of fuel usage and emissiasnpially result in considerable emission
reductions (Klunder et al., 2009).

Public authorities’ decisions can be influencedthy decisions of other actors, because the
decisions of these actors potentially influence tigectives of public authorities. For
example, if an ADAS has a positive effect on t@atfiroughput at a certain deployment rate,
and this deployment rate is achieved by marketayepént (i.e. the automotive industry and
users as the only decision-makers), the objectfgaublic authorities are met without any
interference in deployment. Furthermore, it is @ptted that the decisions by public
authorities will be influenced in the same waylas decisions they expect the other actors to
make, as a reaction to their decision.

Influencing insurance companies’ actions

Insurance companies offer vehicle indemnity insceaagainst a premium that is based on
accident statistics. In order to be able to covsksr effectively, and offer a competitive
product, premiums are usually differentiated byrabteristics that particularly influence
accident statistics, such as age, type of car,cétgbf residence. Their main driving forces
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are likely to be the same as for the automotivestiy, those of profit, competitive advantage
and unique selling points. As such, insurance caregacould be interested in stimulating
deployment of ADAS with proven safety impacts, byéring premiums for cars with that
ADAS. In the first stages of ADAS deployment, irsuce companies could financially
benefit from the increased road safety, while ratistics are yet available on which to base
premium differentiations. In the later stages, whecaident statistics are available that include
the impact of ADAS, this effect will be leveled doy competition. When accident statistics
are not yet available, and the impacts of ADAS onidents are still uncertain, insurance
companies can offer insurance against flexible prem, based on monitoring of the main
aspects of driving behavior that are of influence azcident risk. This type of insurance
policy is relatively new, and related to flexiblesurance premiums by mileage (i.e. pay-as-
you-drive; Litman, 2005).

Remarks

The conceptual model does not explicitly addressitifluence of external developments on
the actions taken by users, public authorities, #lutomotive industry, and insurance
companies. The influence of external developmestacknowledged, but was considered
subordinate to the focus on the interactions betvwiee actors.

3.3 Actor and user decision-making in ADAS deployment

The conceptual model of actors’ interactions in Ab#deployment presented in Figure 3.2 is
the basic starting point for the investigation diémsd in this dissertation. In this conceptual
model, the actors are represented as ‘black bowési ,the deployment rate and other actors’
deployment actions as input, and the actor's owplayenent actions as output. In these
boxes, we assume some form of decision-making tolees.

In order to explore possible combinations of deplept actions with the conceptual model, it
IS necessary to establish mathematical models abr adecision-making in ADAS
deployment, as building blocks of an overall mathgoal model of actors’ interactions in
ADAS deployment. To that end, it is first necessarydefine conceptual models of actor
decision-making in ADAS deployment. These concalptanodels are based on theories of
human decision-making. Different models are defiméti regard to decision-making by two
groups of actors that can be classified as busineganizations (public authorities, the
automotive industry, and insurance companies),useds. This distinction is made since they
have different types of potential deployment acticand are influenced in a different way by
the deployment rate, and the actions of other actor

3.3.1 Theories of human decision-making

Generally speaking, human decision-making can la¢yaed as a mental process that takes
place between a situation in which taking actiodasired, and the actual action taken as the
outcome of the process. Many disciplines in sciersteeh as economics, mathematics,
management science, and behavioral sciences, hadeeds human decision-making for
different purposes. These purposes can generallghbeacterized as ‘how should people
make decisions’normativg, ‘how people actually make decisionstegcriptivgé and ‘how
can we help people make better decisiopségcriptive (Bell et al., 1988). Theories have
been developed that assume a conscious decisiocrgsrdi.e. people deliberately decide on
whether or not to take a certain action), as welhssuming an unconscious decision process
(i.e. people act instantaneously, based on intuito experience; e.g. Klein, 1999). These
theories apply to different decision situations] am different types of decision-makers. For
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example, driving a car involves many ‘automatedtisiens that involve no conscious
decision process, whereas deciding to build a mésastructure project does.

It is assumed here that ADAS deployment actiongarerally based on a conscious decision
process. For public authorities, the automotive usty, and insurance companies,
deployment actions involve long-term decisions thatluence the future of these
organizations, which is assumed to induce delikbedatision-making. Users are expected to
be heterogeneous with respect to buying an ADASheir new car. It may depend on the
amount of money they have available, or their peabatyle of decision-making, as to
whether or not a conscious or unconscious decigiooess applies to their behavior. It is
assumed, though, that a conscious decision praggdges to the majority of users when
buying a car.

A widely used theory employed to study decisiontha of rational decision-making. This
theory is rooted in economics, and assumes pekieotvledge of alternative courses of
action, consequences, and external forces, andaalomes that decision-makers choose the
alternative that maximizes their utility (e.g. V&feumann and Morgenstern, 1944). While
this theory generally performs well in describingcion situations, it has been criticized.
Consequently, other theories have been developanhlynrooted in psychology, that aim to
better describe actual decision-making. Examples Rrospect Theory (Kahneman and
Tversky, 1979), and the Theory of Planned BehafAajen, 1991). Some of these theories
build upon the general framework of rational demismaking, while others have developed
completely new theories.

McFadden (1999) introduces the conceptual modalgmted in Figure 3.2, which describes
rational decision-making, integrated with elemdnisn psychology. The bold arrows link the
elements included in rational decision-making. Tdteer arrows link the elements that
influence rational decision-making from a psychatagjpoint of view.

Information ———— P Perceptions/Beliefs <
2 2 A
Attitudes
N —
A 4
Affect Process —  Choice
[ A
y
Motives
> Preferences

Figure 3.2: Elements in the decision process anddir linkages
Source: McFadden (1999)
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In rational decision-making, the decision-maker ag#ichoiceas an outcome of thgecision
process This process is influenced by therceptionsandbeliefsof the decision-maker, and
his preferencesMcFadden (1999) defines perceptions as the dogrof sensation, beliefs as
mental models of the world, and preferences as acatipe judgments about entities. The
perceptions/beliefs are influenced Ioyformation The elements of psychology that can
influence perceptions/beliefs, the decision procasd preferences amdtitudes affect and
motives McFadden (1999) defines attitudes as stable pdygltal tendencies to evaluate
particular entities with favor or disfavor, affeas the impact of the emotional state of the
decision-maker, and motives as drives directed tdsvperceived goals. Besides the influence
of these elements on rational decision-making, steedbacks are also included, based on
the psychological point of view. The arrows depigtithese feedbacks refer to the
reconciliation and rationalization of trial choio@dcFadden, 1999).

3.3.2 Actor decision-making

Classical economic theory describes organizatiensational decision-makers, who choose
between alternative courses of actions based bty utiaximization, in order to achieve their
objectives. In this they may need to make trads-bétween multiple objectives. Nelson and
Winter (1982) emphasize that this theory does nat gn explanation for economic change,
possibly induced by innovations. They introducedtielutionary theory of economic change,
in which they argue that in the case of innovatigiiljty maximization is impossible. The
behavior of business organizations according te tieory is related to the work of Simon
(1979), who argues that in these business orgamizathere is no perfect knowledge of
alternative courses of action, consequences, apedternal forces. He introduced the concept
of ‘bounded rationality’ (Simon, 1955), in order better describe actual decision-making
than by the assumption of perfect rationality. Baaiity is bounded if there is no perfect
knowledge, which means that not all alternatives Bnown, consequences cannot be
precisely calculated, and there is uncertainty alloel occurrence and influence of external
forces. Consequently, decision-makers search terratives that fit their objectives well
enough, i.e. they show ‘satisficing’ decision babawas opposed to utility maximizing. From
the available theories on organizational decisi@kimg, Simon (1979) also concludes that
perfect rationality in decision-making could ocdy organizational learning from recurrent
decisions. Beach and Connolly (2005) also giveetkeample of insurance companies who act
rationally in premium calculation, usually based risks retrieved from accident statistics.
Insurance companies may be the only types of orgdons who have such perfect and
detailed information as input to their decision-ingk However, this does not apply to
decision-making with respect to ADAS deploymenigcsi statistics are not yet available in
that area.

Decision-making of actors regarding ADAS deployméntvery likely to be boundedly
rational. First of all, the consequences of ADASpIdgment cannot yet be determined
unambiguously. Many of the consequences will deganthctors such as the specific design
and parameter settings of the ADAS, the ADAS depleyt rate, and the behavioral
adaptation of users to the system in the long t&eaeond, since multiple actors can influence
these factors, these can prove to be non-conttelfaban individual actor. Third, research on
ADAS shows that the actual consequences are nokn@ivn in sufficient detail. While
ongoing research may reduce uncertainties, thealactinsequences will probably remain
uncertain until deployment of the ADAS takes effe€hus, generally, actors in ADAS
deployment make their decisions based on boundexhadity.
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Since the decision process of actor decision-maksgonsidered to be rational, the
conceptual model of actor decision-making in Fig8r& is based on the main conceptual
model of rational decision-making. The assumptiwat tactor decision-making is boundedly
rational, is reflected in the individual percepsamd beliefs of the actors.

General information relevant to ADAS decision-makiis expected to be available to the
actors, shaping their perceptions and beliefs. Hewethe focus in this dissertation is on
specific information regarding ADAS deployment: tABAS type, the deployment rate of
this ADAS, and the deployment actions that areemity taken by the actors.

INFORMATION
ADAS Deployment
ADAS type deployment actions of
rate actors

ACTOR
DECISION-MAKING

h 4

Perceptions/Beliefs

'
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Preferences

Figure 3.3: Conceptual model of actor decision-makig regarding ADAS deployment

Differences with respect to decision-making areeexg@d to exist between the actors — public
authorities, the automotive industry, and insuracar@panies. First, the primary objectives of
these actors are different. Thus industry and arsee companies have as a primary goal to
sell products that generate profit, and to holdoanpetitive advantage which keeps the
company in business, while public authorities engport aim to keep the transport system
running safely, alongside operating with costdoas as possible (e.g. Walta et al., 2005).
Second, each of the actors will view the user, whilie end decides whether or not to adopt
the ADAS, in a different way. The automotive indysand insurance companies mainly view
the user as a customer, while public authoritiewvihe user as an entity in the transport
system, as well as a member of society. Theserdifées imply that the actors apply different
courses of actions, have different preferences,alatt a different mental model, by which
they relate courses of action to consequences.

A final remark concerns whom best to consider adécision maker, the organization, or
(specific) members of the organization. Here, theom is followed, as described by Nelson
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and Winter (1982), that behavior of individual mesrof an organization is a metaphor for
the behavior of an organization.

3.3.3 User decision-making

In transport science, user decision-making has baah more studied than decision-making
by transport organizations. Consequently, commaories and methods regarding user
decisions are more readily available. In the transpector, random utility theory is widely
used to study user decisions, such as route choigde choice, and the choice to buy a car
(e.g. Cascetta, 2009). This theory describes usengtility maximizing, with part of their
utility being unobservable (i.e. random). It is &a&®n rational decision-making. The question
is, however, to what extent user behavior is frdiyonal with respect to buying an ADAS on
a new car. For example, since ADAS are an innomattacan be expected that so-called early
adopters mainly decide based on attitude, rathear tim a fully rational decision process. On
the other hand, user choice behavior can be heteemyis with respect to their decision
processes, so that different models could apptiesribe their overall choice behavior.
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ADAS Deployment
ADAS type deployment actions of
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Figure 3.4: Conceptual model of user decision-makgregarding ADAS deployment

McFadden’s models provide the opportunity to déscrdifferent methods of decision-
making, and were therefore adopted here as theeptured model for user decision-making in
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ADAS deployment (see Figure 3.4). General infororatielevant to ADAS is expected to be
available to the users, shaping their perceptiamd laeliefs. However, the focus in this
dissertation is on specific information regardin@AS deployment: the ADAS type, the
deployment rate of this ADAS, and the deploymeriioas that are currently taken by the
actors.

3.4 Conclusions

In this dissertation, ADAS deployment is viewed assystem of actors’ interactions. A
conceptual model of this system was developed dieroto study the probability of different
deployment scenarios, consisting of deploymenbastof public authorities, the automotive
industry, insurance companies, and the probalitigy users will buy an ADAS on their next
new car, given these deployment scenarios. Thiceminal model is based on several
assumptions about the interactions between actdmgderlying models of actor and user
decision-making, based on existing theories of humecision-making, serve as building
blocks for this conceptual model. To define thesmlats, an existing conceptual model was
used, that combines traditional rational decisiehdvior, with contemporary insights about
decision-making taken from psychology (McFadder99 The conceptual model of actor
decision-making is based on the assumption of bedimdtionality. Individual user decision-
making is expected to be less rational and morerbgéneous. Both conceptual models were
specifically set-up to fit in the overall system deb of ADAS deployment decision
interactions.



4  Methodology to investigate actors’ interactions
In ADAS deployment

How can the model of actors’ interactions in ADA®ptbyment be translated into a
measurable form? How can it be measured in ordexpdore various deployment scenarios
for ADAS? This chapter introduces the methodologyprder to investigate the relations
between the actors in the model of actors’ intévastin ADAS deployment. A mathematical
model of actors’ interactions in ADAS deploymentinsroduced, consisting of a stochastic
model of actors’ interactions, and underlying medef actor and user decision-making.
These underlying models can be estimated basednpirieal data, and serve as input to
simulations of deployment scenarios with the stetbanodel. The main challenge is to
model the influence of deployment actions on aatat user decision-making. To this end, an
application of Stated Preference modeling is predpspecifically designed for this purpose.

53
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4.1 General

This chapter answers the research questions vdagiect to the mathematical representation of
the model of actors’ interactions in ADAS deploymeand the methodology to perform
investigations with this model. With the resultingethodological approach, the research
guestion can be answered, with respect to theteftéexpected actor deployment actions, on
the probability that users will buy an ADAS on theext new car.

4.2 Methodological approach

Since existing methodologies to investigate actorgractions are connected with models
that are different from the conceptual model obegtinteractions in ADAS deployment, it is

necessary to develop a new methodology connectiédtis model. This methodology aims
at estimating the relations in the model by medrepirical data on actors’ interactions, and
simulating various deployment scenarios to expkbe probability that users will buy an

ADAS on their next new car. This approach con®$thiree main steps:

Step 1: Definition of an overall mathematical mod#l actors’ interactions in ADAS
deployment, and the models of actor and user aegeisiaking as its building blocks;

Step 2: Estimation of the models of actor and dsersion-making;

Step 3: Simulation of relevant deployment scenaiwosxplore the probability that users will
buy an ADAS on their next new car, based on expeatdor deployment actions
regarding ADAS.

4.2.1 Step 1: Definition of an overall mathematical modelof actors’ interactions in
ADAS deployment

It was decided to focus specifically on the deplewtnactions of actors and their interactions

in this dissertation. To this end, the original mbaf actors’ interactions in ADAS

deployment was reduced, by removing the feedbalgtior from deployment rate to the

actors, and the feedback relation from the usetisad@ctors (See Figure 4.1).

The consequences of removing these relations ate wlth respect to the deployment rate
feedback, only one time step can be considerddeiisimulations; and that user acceptance of
deployment actions has to be taken into accountigitip. In a later stage, when and if the
reduced model is validated, these relations magdaed. Consequently, this stage will not be
considered any further in this dissertation.

The resulting conceptual model, presented in Figuteis the starting point for the empirical
studies in this dissertation. The relations in tosiceptual model represent the deployment
actions taken by the actors, and their influencetten other actors. In order to simulate
different ADAS deployment scenarios, the conceptualdel should be translated into a
mathematical model. If all reactions of the actoreach others’ deployment actions would be
exactly known, this mathematical model could beedeinistic. However, since future actions
are explored, there are a number of uncertaingiesh as the uncertainty of how actors will
react. The conceptual model, therefore, was tregtsliato a stochastic model. The output of
this stochastic model includes the probability tlhlaployment scenarios occur, and the
probability that users will buy an ADAS on theirxienew car, given a certain deployment
scenario. Mathematical models of actor and useis@cmaking, based on the respective
conceptual models, were used as building blockkisostochastic model.
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Figure 4.1: Reduced model of actors’ interactionsni ADAS deployment

In order to estimate the relations within the cqtoal model, empirical data of these
relations are required. It was decided to separateldy actor and user decision-making. This
is possible since the users have no two-way relatith the actors in the conceptual model,
and it allows us to focus specifically on the diffiet types of actions of actors and users.

4.2.2 Step 2: Estimation of the models of actor and usetecision-making

Interactive actor deployment decision-making

A common approach to the study of decision-maksgpy modeling preferences or choice
behavior of the group or person of interest. Thailakle alternatives are translated into a
number of common attributes (e.g. costs, functitieal color), which have a different value

across alternatives. The models resulting fromitilestigation then show the influence of

each of the attribute values on the overall prefege or the choice of a decision-maker for a
specific alternative. In the transport field, prefece and choice modeling are applied to
investigate route choice (e.g. Chorus et al., 20€i19ice for mode of transport (e.g. Hensher
and Rose, 2007), and preferences for new techresdgig. Marchau, 2001).

In this particular case, the main interest is todeladhe influence of other actors on actor
deployment actions. This knowledge is also needwdtlie second phase, in which the
interaction between actors is further analyzedsTheans that deployment actions of the
other actors will be included as attributes initheestigation. This is comparable to modeling
household decision-making, in which the preferenoésother household members are
included as an attribute (Molin, 1999).

User deployment actions

The output needed from the investigation of usgialenent actions is the probability that
they will buy an ADAS on their next new car, giviére deployment actions of the actors.
This gives a first indication of the possible dexaghent of the ADAS deployment rate.
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Ideally, the development of the ADAS deploymenteratould be based directly on the
deployment actions of the actors. The developméthe deployment rate of an innovation
that is on the market is often represented by simaped curve. Several mathematical models
are available, all based on different assumptie@ganding the process of adoption (e.qg.
Mahajan and Peterson, 1985). These models cantimeatsd based on historical data of
adoption of the innovation, and can as such be tesstudy diffusion of past innovations, or
forecast adoption of current innovations. Whendrmistl data are not available, assumptions
have to be made in order to make forecasts. Fompbea Collantes (2005) interviewed
relevant actors on their forecasts of adoptionu#l fcell vehicles, and used these data to
estimate an adoption model.

With regard to the adoption of ADAS, there are sa@pecific circumstances that have to be
taken into account. First of all, ADAS generally @ambedded in vehicles, and therefore are
not an independent innovation. This means thaatloption rate is influenced by vehicle life
cycles, and the exchange rate of older vehiclesnéy ones. There are though some
exceptions, such as nomadic devices and retrgfitfPADAS. A second circumstance is that
adoption of ADAS can be influenced substantiallydiyerent deployment options of actors,
such as mandatory or standard equipment of allvehicles (e.g. Abele et al., 2005).

Since the information on how users will react to A® deployment options is limited,
empirical data is needed on users’ decisions whetheot to buy an ADAS on their new car.
To this end, &tated Preferencapproach will be applied to model user decisiorking The
resulting user models may be used as input to mafeADAS deployment development, but
this is not further addressed in this dissertation.

4.2.3 Step 3: Simulation of deployment scenarios

The results of step 2 include the probabilitiest thetors take certain deployment actions,
given the deployment actions of other actors, dvelprobabilities that users will buy an
ADAS on their next new car, given the deploymerioas of the actors. In step 3, these
results are combined to explore different deployiseenarios, using the stochastic model of
actors’ interactions in ADAS deployment definedsiep 1. Deployment scenarios consist of
combinations of deployment actions for the threwrac public authorities, the automotive
industry, and insurance companies. In departingnfrdifferent starting conditions (i.e.
combinations of current actor deployment actiotits9, probability of occurrence with regard
to deployment scenarios will be calculated. Thisulis in a probability distribution over
deployment scenarios, for each starting condifidme deployment scenarios can be described
in terms of the probability that users will buy ADAS on their next new car. As such, the
overall results will represent a probability dibtriion over probabilities that users will buy an
ADAS on their next new car.

4.3 Stochastic model of actors’ interactions in ADAS daloyment

The conceptual model of actors’ interactions in ADAeployment was translated into a
stochastic model. The purpose of this stochastidehas to study the probability of

occurrence of multiple deployment scenarios forAMAS — combinations of deployment

actions of the main actors — and the probabiligt tisers will buy an ADAS on their next
new car, given these deployment scenarios.

4.3.1 Stochastic model
The following definitions introduce the variablexluded in the mathematical model of the
deployment scenarios. These are dlotors public authorities, the automotive industry, and
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insurance companies, tldeployment optionsf these actors, such as doing nothing, a tax
reduction by public authorities or a premium reductby insurance companies, and the
deployment scenariod he deployment options become deployment actionse they are
applied by the actors. For simplicity, but withdoss of generality, we assume that the
interaction structure is the same for each ADASeys and that each actor has the same
number of deployment options. The following notatis used for a generic ADAS system:

Ny = number of actors;
ng = number of deployment options of an actor.

The deployment scenarid; describes the deployment actions of the diffeasstbrs with

respect to an ADAS system at discrete time instatitis represented by @&, dimensional
stochastic vector:

D, =[Dy1,-D;,, ] (4.1)

1“itn,

Each actor takes deployment actions that are speoithe actorD;, can take the value of
one of the deployment options of actor.e. the sample space 8f D 5 is:

S, ={d,(®,....d, ()} 4.2)
Consequently, theample space S of; 3:
S=§x..xS, (4.3)

In this model one time step is considered, frontaatiag condition at=0 to an updated
deployment scenario &t1. This time step represents the possibility forheafcthe actors to
reconsider their deployment actiontad, given the deployment actions of the other acabrs
t=0. The resulting deployment scenarid=t is input to reactions of the users.

At time t=0, the probabilities of deployment scenario occuweemsatisfies the following
condition:

D P(D,=x)=1 (4.4)

in whichx is the outcome of the stochastic variablg and a vector of the deployment actions
Xa Of all actors at timé=0:

X=[%,. %, ] (4.5)

At time t=1, all actors can react to the outcomef the initial deployment scenari@,. The
probability ofy as outcome of the resulting deployment scerayits:

P(D,=y)= Z P(D, =y | D, =X)P(D, = X) (4.6)

for which the following condition is satisfied:
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> P(D,=y|D,=x) =1 (4.7)
VIS

in whichy is a vector of the deployment actionf all actors at timé=1:
Y =[Yi,- Yy, ] (4.8)

The conditional probability oD;, givenDy, is the product of the probabilities of the actors
deployment actiong, in D1, givenDy, while assuming that these actions are independent

P(D, =y|D, =X) = [P(D,, =¥, | D, = %) (4.9)

for which the following condition is satisfied:

D> P(D,=Y,|D, =x)=1 (4.10)

YOS,

in which P(Dy=Yas|Do=X) is the probability that actoa takes deployment actioy, in
deployment, given deployment scenaxioThis probability is calculated based on empirical
data.

The choice of the users to buy an ADAS on theirtrmew car is described by a binary
stochastic variableC, where 1 indicates that the user chooses to buyARAS. The
probability that the user chooses to buy an ADA&sumed to depend on the decisions made
by the actors at time=1. Consequently, the probability that the user ceede buy an ADAS

is:

P(C=1)=) P(C=1|D, = y)P(D, = y) (4.11)
IS

in which P(D;=y) follows from (4.6). For a single starting conditi®Do=x, the probability
that the user chooses to buy an ADAS is:

P(C=1|D,=x) =Y P(C=1|D, =y)P(D, = y| D, =X) (4.12)
IS

in which P(C=1|Ds=y) is the probability that the user chooses to buyA®AS, given
deployment scenariyp This probability is calculated based on empirttatia.

4.3.2 Simulation of deployment scenarios based on the sfoastic model

Figure 4.2 shows how deployment scenarios canrbalaied with this model, and explains
the outcomes in terms of the probability that usgtsbuy an ADAS on their next new car,
and the probability that decision scenarios ockat kead to this particular probability.
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Starting
condition

D():X

For all combinations yeS
Calculate Actor models
—
P(Dr=y\Do=x) = P(D1,=ydDs=x)
Ha(P(DI,a:yalD():x)) '
Calculate
User models
P(C = 1|Dy=x) = —
2,(P(C=1\D;=y)P(D;=y|Dy=x) P(C=1|D;=y)

Figure 4.2: Simulation of deployment scenarios

The actor and user models are based on theorgtasdlimed interactions among actors, and
between the actor and the user. Before simulatiansbe performed with this model, these
interactions first need to be determined by emaiiniiata.

These empirical data include the conditional prabgbP(D;a = ya|Do=x) of the actors’
deployment options applied to ADAS, and the cooddil probabilityP(C=1|D;,=y) of users’
choice for an ADAS. For both probabilities, the arging models are defined in the
following sections. The necessary data to estirttedse models are collected by an actor and
a user survey. The different strategies that agegmt among actors are identified based on an
analysis of the results of the actor survey.

4.4 Modeling actor decision-making to take ADAS deployrant actions

The main aim of the actor study included in thissdrtation is to derive the probability that
actors take a certain deployment action with reisfgeADAS, for different initial deployment
scenarios. Stated preference modeling is appliedntmel the influence of different
deployment scenarios on the probability that actqgly a certain deployment option. The
mathematical model used in this investigation isotuced here. It is based on the conceptual
model of actor decision-making regarding ADAS dgpient presented by Figure 4.3 (for an
explanation of this model, see Chapter 3).
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Figure 4.3: Conceptual model of actor decision-makg on ADAS deployment

4.4.1 Specification of the model

The purpose of the mathematical model describedthia section is to establish a
mathematical relationship between the input and dbgout of actor decision-making in
ADAS deployment. The inputs to be explicitly coresield are the current deployment actions
of all actors. For simplicity, the model is speetfifor a single ADAS type. Furthermore, the
deployment rate is only implicitly taken into acobubased on the actors’ beliefs of the effect
of the current deployment actions on the deploynrate. The outputs to be explicitly
considered are the probabilities that certain dgpknt actions are taken by the actors.

Stated preference modeling

The mathematical relation between the defined igmat output can be established by stated
preference modeling. This method requires a nundbedeliberately chosen alternatives
(input) to be evaluated by respondents (outputles€halternatives are represented by a
number of characteristics (i.e. attributes) thah ¢ake different values for each of the
alternatives (i.e. attribute levels). The altevedi are defined here as the deployment
scenarios at time=0, the attributes as the deployment actions of tters, and the attribute
levels as the possible deployment actions for eafchhe actors (see Figure 4.4). The
respondents’ evaluations involve attaching a centaiue to possible deployment options, out
of which they can choose their deployment actidmese evaluations form the data based on
which the mathematical relation between the inpwt the output can be estimated. These
data are usually collected by structured questives@ompleted by relevant respondents.
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ALTERNATIVE
D():x
ATTRIBUTES deployment action x; deployment action xn,
st . th .
ATTRIBUTE 1 deployr;ent option ng deplo;a/lr:ent option
1 d
LEVELS of actor 1 of actor 1

deployment scenario

Figure 4.4: Relation between alternatives, attribués, and attribute levels for actor
survey

There are different types of mathematical mode#t ttan be applied in stated preference
modeling, of whichchoice modelsand utility modelsare most widely used. The type of
mathematical model chosen depends on the requirgnlitoof the model. In this case, the
required output is the probability that an actdetaa certain deployment action with respect
to an ADAS. This type of output can be providedusyng a choice model, such as a logit
model (e.g. Train, 2009). The estimation of a logddel requires discrete choice data, and is
performed by logistic regression. In this cases¢hehoice data would involve the choice for a
certain deployment action out of all possible dgplent options, for each of the presented
deployment scenarios. Simulation of deployment adea with this model would then result
in the probability that deployment actions will teken. However, the number of potential
respondents among ADAS actors is not expected targe enough to generate a sufficient
amount of choice data to estimate such a model.

Instead of a choice model, a utility model is cdesed. Due to the type of data, in the case of
the rating of each deployment option for each @& finesented deployment scenarios, the
required amount of data to estimate such a modebeasmaller than for a choice model. A
utility model can be estimated for each single dgplent option, based on (utility) ratings of
the deployment options for each deployment scenamgng (multi)linear regression.
Simulation of deployment scenarios with the utilitypdels of the deployment options results
in the utility of these deployment options. In thgoprobabilities can be calculated as a
function of utilities. However, the utility ratingef the deployment options for each
deployment scenario are relatively independentciwibuld result in inaccurate probabilities
calculations based upon these ratings (e.g. theafyrobabilities of deployment options for
one deployment scenario could exceed 100%). Thewiwlg approach, therefore, is applied
to determine the probabilities of deployment opgion

Based on the assumption that a positive relatiastieketween utility and probability (i.e. the
higher the utility of an alternative, the highee torobability that this alternative is chosen), a
generic utility model is applied, in which probatyilis used as a measurement unit instead of
utility. The advantage of this approach is that {peobability) ratings could be made
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dependent, by the requirement that the sum of tblegbilities of all deployment options for
each deployment scenario should equal 1.0.

When investigating actors as decision-makers, it lwa argued whether the actor should be
considered an individual, an organization, or eaesector (e.g. the automotive industry can
be considered as a sector, consisting of many coi@gan which many individual persons
operate). At the level of ADAS deployment studiadhis investigation, the main interest is
in the probability of deployment actions atsactor level. However, the expectations of
individual respondents of what the sector will daynmot match their personal preferences. In
order to investigate this, modeling also took platen individual level, using basic utility
models.

Possible extensions of the model

The above specification results in a basic modrisering the relation between deployment
scenarios and deployment actions, in which acteisgm-making is not further specified.
Including more elements of actor decision-makingurees the estimation of more
sophisticated mathematical models.

In order to explain potential heterogeneity amoocis, the perceptions/beliefs of the actors
were considered to be included in the model in seofithe expected impacts of the ADAS on
criteria, such as traffic safety, traffic flow atite environment. An elegant way to do this,
analytically, is to apply structural equation madg) which was applied to user preference
models for ADAS by Molin and Marchau (2004). Ingl@pproach, the respondents would be
asked to evaluate their deployment options, for heateployment scenario, on
utility/probability, as well as on their expectedpacts on criteria. The relation between the
expected impacts and the deployment scenario @isbcan be estimated. However, this
approach requires a large number of respondentstti@ve meaningful results. Given the
limited number of potential respondents from theA&Dactor groups, this approach is not
feasible for the present study.

Another possible way to integrate the expected aotgppa the models, is to use a stepwise
approach, consisting of two steps in data collectio this case, these steps would be (1) the
evaluation of the actors’ deployment options focheaf the deployment scenarios on their
expected impacts on criteria, and (2) the evalnatb combinations of impacts decision
criteria on their overall utility/probability. Twanodels would then be estimated from which,
by means of substitution, the overall utility/probeay of the deployment options can be
derived. This approach was tested in a pilot stuwdych concluded that the respondents’ task
was too difficult and too abstract to expect meghihresults.

It can be concluded that, given the characterisifcthis investigation, it is not feasible to
explicitly integrate the expected impacts in thedeloInstead, a number of expected impacts
on decision criteria were separately measured,doasewhich differences between actor
strategies could possibly be explained (see Ch&pter

4.4.2 Mathematical modef

The probabilityP (D1 a = Ya|Do=X) that an actor takes deployment actygngiven the current
deployment scenariDg = X, is defined as a functioly of vector of deployment actionsg][
currently applied by all actors.

% For notation see 4.3.1.
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P(Dya = Ya Do =x) = f(X) + & (4.13)

The error ternz in this function refers to the amount of ‘probéilthat cannot be described
by the model, for example due to individual diffeces or attributes that were not included.

Analogously, the utilityU(y,) for an actor of taking deployment optign is defined as a
functiong, of the vector of deployment optiong furrently applied by all actors:

U(y,) = g.(x)+&, (4.14)

Several functional forms of, andg, are possible. The simplest functional form is tidej a
linear combination of the attributes. Dependingtba methodology used to estimate the
models, it requires the least amount of data. Hawmesome of the variance that cannot be
explained by an additive model, could possibly kela&ned by adding interaction terms (i.e.
products of two or more attributes) to the modetldig interaction terms substantially
increases the amount of data required to estirhatenbdel. While an additive model usually
explains most variance (Louviere, 1988), and a lkemamount of data required leads to fewer
questions for respondents, and assuming more decmawers, it is worthwhile to assess the
influence of interaction terms. Since the influeréanteraction terms depends on the case
investigated, the choice for a model is describatérl in this dissertation, when the
deployment scenarios have been further specified.

4.4.3 Estimation of the model

Generally, there are two different approaches atedtpreference modeling, a compositional
and a de-compositional approach. The compositi@miroach requires respondents to
evaluate separate attribute levels. These dataused to “compose” the evaluation of
alternatives, by combining the respondents’ attebuevel evaluations using some
combination rule. The advantage of this approachh&t the measurement task to be
performed by the respondents is relatively easywéver, the main drawback is that it does
not explicitly take into account potential traddésoflecision-makers make between attributes.
The de-compositional approach does take these -tiffisleinto account, using conjoint
measurement of attribute levels. The responderdsreguired to evaluate (hypothetical)
alternatives composed of attribute levels. Thesduations are then analytically decomposed
into the evaluations of the different attributedss While the task for the respondents is more
difficult than for the compositional approach, & also more realistic, which may have a
positive influence on the resulting model.

Applying conjoint measurement to estimate the podidg and utility models introduced
above means that the measurement of the probaduldyutility for each deployment actign

is performed in a survey in whicl][is given. From these measurements, the conssauts
coefficients included in functiorfsandg can then be estimated by means of linear regmessio

4.4.4 ldentification of strategies

All actors are assumed to have a probability distion of their deployment actions, given a
certain deployment scenario. The set of these pilityadistributions over all deployment
scenarios is called the strategy of the actor. @kistence of different strategies could be
related to differences in background of actors lountry of residence or type of actor (e.qg.
EU or national public authorities). In addition Wewver variables that are difficult to measure
could play a role, such as experience or (virtuambership of a coalition of actors with a
similar view on ADAS deployment. It was thereforecdied to identify groups of respondents
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with similar strategies based upon similaritieshieir evaluations of deployment options. The
strategies are identified in this dissertation leyfgrming a cluster analysis (e.g. Hair et al.,
2006), which groups cases (i.e. individuals whaigigated in the survey) into clusters of
cases with similar values on the measured varialpplying this procedure to the utility
data, also gives additional insights into the pref# strategies of the actors.

4.5 Modeling user decision-making to adopt an ADAS

The aim of the user study included in this dissemais to derive the probability that users
will buy an ADAS on their next new car, for differtedecision scenarios, and for different
ADAS. Similar to the actor investigation, state@fprence modeling is applied to model the
influence of ADAS and actor deployment actions be tiser choice to buy an ADAS. The
mathematical model used in this investigation isouced here. It is based on the conceptual
model of user decision-making regarding ADAS depient presented by Figure 4.5 (for an
explanation of this model, see Chapter 3).

INFORMATION
ADAS Deployment
ADAS type deployment actions of
rate actors
————
USER ¢
DECISION-MAKING Perceptions/Beliefs
y
Attitudes
7'y
Y CHOICE TO
Affect Process » BUY/NOT BUY
ADAS
4 A
Motives
> Preferences

Figure 4.5: Conceptual model of user decision-makmregarding ADAS deployment
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4.5.1 Specification of the model

The purpose of the mathematical model describedthis section is to establish a

mathematical relationship between the input andtitput of user decision-making in ADAS

deployment. The inputs considered are the curreplogment actions of all actors. For

simplicity, the model is specified for a single ABAype. Furthermore, the deployment rate
is not taken into account, since this is not exgetdd be deliberately taken into account by
users themselves. The outputs to be explicitly ickened are the probabilities that users will
buy an ADAS on their next new car.

Choice model

Since the main desired output is the probabiligt tisers will to buy an ADAS on their next
new car, the most appropriate mathematical moded ishoice model. Unlike the actor
investigation, the number of respondents was erdett be large enough to estimate such a
model. Since the output of user decision-makinghis case is binary (buy or not buy an
ADAS), a binomial logit model can be applied to rabthese probabilities.

The alternatives are defined here as the deploystamarios at time=1, the attributes as the
deployment actions of the actors, and the attrilexels as the possible deployment actions
for each of the actors (see Figure 4.6). The radpats’ evaluations involve choosing
between buying, or not buying, an ADAS, under tbeditions described by the deployment
scenarios. These evaluations form the data basedhimh the mathematical relation between
the input and the output can be estimated.

ALTERNATIVE deployment scenario

D=y
ATTRIBUTES deployment action y;, deployment action yn,
of actor 1 of actor n,
st : th :
ATTRIBUTE 1 deployr;ent option ng deploifgent option
1 d
LEVELS of actor 1 of actor 1

Figure 4.6: Relation between alternatives, attribues, and attribute levels for user survey

It was decided not to include further elementshef thoice process within the mathematical
model, in order to keep the user questionnairetdidhiand to focus on the desired output as
input for the stochastic model. In the questiormasiome questions were included to explain
heterogeneity among users (see Chapter 8).
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4.5.2 Mathematical modef*

The probability that users will buy an ADAS on theiext new car, given the current
deployment scenarig is modeled as a binomial logit model in whigh, represents the
observed utility for the user of buying a non-ADA&uipped car, and, , the observed utility

for buying an ADAS equipped car.

1

+ eVO,y_Vl‘y

P(C=1|D,=y)= 1 (4.15)

WhenV,, is considered as the reference point, the valué pfs zero. This means the logit

model can be reduced to:

1

_Vl

P(C=1|D,=y)= (4.16)

l+e ™

The following condition applies to the binomial ibonodel introduced here. The actual utility
U,y of buying an ADAS equipped car, given deploymesgnsirioy, includes the observed
utility Va1,, and an error term to explain the amount of utility not observed ire tchoice
experiment:

Uy, =V, +&, (4.17)

When the assumption is made that the error tefolows a Gumbel distribution (type 1), the
binomial logit model holds (Train, 2009).

The observed utility/; y is defined as a functioh of the vector of deployment actiong [
currently applied by all actors:

V,, = h(y) (4.18)

In a similar manner to the actor models, differemictional forms oh are possible. Without
testing, it was assumed here that an additive misdappropriate. The background of this
assumption is that the deployment actions will nyaimfluence the price of the ADAS for the
user. Since utility is assumed to be objectivehyd(aegatively) related to price, no significant
interactions are expected.

Consequently, the model of observed utiiftyused in this dissertation is additive, including a
constang and coefficients,:

Vl = q + Z raya (419)

4.5.3 Estimation of the model

An analysis similar in type to the actor investigatconjoint analysis is also applied in the
case of user investigation. This means that a meamsant of choice for an ADAS equipped
car is performed in a survey, in which the attrésuf] are given, and based on whiglandr,
are estimated by means of binary logistic regressio

4 For notation see 4.3.1.
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In order to increase the explained variance ofntloelel, respondent characteristics collected
in the survey (such as age, mileage and car prarepe included in the model.

4.6 Conclusions

In this chapter, the methodology is introduced tisatlesigned to answer the empirical
research questions of this dissertation. To thdt #re model of actors’ interactions in ADAS
deployment is translated into a stochastic modéh which simulations can be made of
different deployment scenarios (i.e. combinatiohallbactors’ deployment actions), resulting
in the probability that deployment scenarios ocasrwell as the probability that users will
buy an ADAS on their next new car, given this dgpient scenario. Before these simulations
can be made, it is necessary to estimate theaefain this model. To that end, mathematical
models were defined of the probability that acttake a certain deployment action with
respect to an ADAS, and the probability that usaisbuy an ADAS on their next new car.
These models were based on the conceptual modalsafand user decision-making. They
are to be estimated using data from an actor arsasurvey.



68

Getting ADAS on the Road




5 Setting the stage: scenarios for ADAS
deployment

Which ADAS are expected to be of interest to puhblithorities, the automotive industry or
insurance companies? In addition, what deploymgxions are expected to substantially
influence user adoption of ADAS? In this chaptbg tlecision scenarios to be included in the
empirical part of the dissertation are specifiednsisting of an ADAS, and deployment
options applied to it by actors. They are translatego attributes and attribute levels, to be

applied in the conjoint measurement tasks to bmpeed by the respondents in the actor and
user surveys.

69
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5.1 Specification of deployment scenarios

As a first step in the empirical part of this disaBon, the deployment scenarios to be
addressed are specified. The methodology propasegerform the actor and user surveys,
based on conjoint measurement, puts constraintthennumber of deployment decision
scenarios that can be addressed. In the followirgsgctions, the steps to be taken in
conjoint measurement are briefly explained, focgin the steps that are directly related to
the deployment decision scenarios.

5.1.1 Basic steps in conjoint measurement

In both of the surveys, conjoint measurement wallapplied to collect data to estimate the
actor and user decision models. In general, tHevioig steps need to be taken to set up a
conjoint measurement (Molin, 1999):

- Selection of salient attributes;

- Determination of relevant attribute levels;

- Selection of a method to combine attribute levels profiles;

- Choice of a measurement task for the respondents;

- Choice of a method for estimating utility or prefece function;

- Simulation of preferences and choices.

The first two steps are addressed in this Chapelection of salient attributes and
determination of relevant attribute levels. Thepec#fy the deployment decision scenarios
addressed by the actor and user surveys. The fstlps are addressed in Chapter 6 for the
actor survey, and Chapter 8 for the user survey.

5.1.2 Selection of salient attributes

Salient attributes represent important charactesisif the alternatives to be evaluated. The
number of attributes included should be sufficigiet capture the most important
characteristics on the one hand, but should lihet task burden for the respondents on the
other, since any additional attribute will exponalhy increase the number of questions to be
answered in the survey. A rule of thumb regardhmg maximum number of attributes is that
respondents can generally oversee not more tham atinibutes, depending on the case
studied (e.g. Hair et al., 2006).

In this case, the alternatives are representedhbyirtitial deployment scenarios, i.e. the
combination of current deployment actions taken pgmplic authorities, the automotive
industry, and insurance companies (see also Chdpt&espondents from public authorities,
the automotive industry, and insurance companies tar evaluate their own ADAS
deployment options for each of the current deplayinszenarios. Respondents from user
groups are to choose if they buy an ADAS on thextmew car for each of the current
deployment scenarios. For them, the deploymentasmenare not specified by the current
deployment actions, but by the effects of theselayepent actions on the product
characteristics that do not reflect ADAS functiatyalsuch as purchase costs.

It is expected that the type of ADAS will influentbe actors’ and users’ evaluations.
Consequently, ADAS are included as an attributet te the deployment actions. A broad
range of ADAS may be investigated by specifying &2AS into a number of attributes,
such as functionality (e.g. distance keeping), ll®@fesupport (e.g. assisting), and operation
(e.g. overrulability). However, since the focus tbe investigation is on the interactions
between actor decisions, it was decided to corfieeselection to one attribute characterizing
the ADAS, and to choose carefully the types of ADlA®e included.
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In summary, a total of four attributes are includedhe investigation: (1) the deployment
actions of public authorities, (2) the deploymedtians of the automotive industry, (3) the
deployment actions of insurance companies, andh@)ADAS. This is considered a fair
number of attributes, with respect to the task barfbr the respondents.

5.1.3 Determination of relevant attribute levels

For each of the attributes, a numberealevantattribute levelsare to be determined, in order
to measure the influence of the attributes on trauations of deployment options of actors
and users. Similar to the number of attributestethe a trade-off in the number of attribute
levels to be included. The higher the number ofilaite levels included, the more
information is obtained on the functional form dfet utility function of the particular
attribute. However, more attribute levels also leacthore profiles to be evaluated. In the case
of attribute levels that are measured on an intgmaratio) scale (e.g. price), and if two
attribute levels are included, the utility functiohthe corresponding attribute is necessarily
linear. When three or more attribute levels arduided, other functional forms can also be
captured. This is particularly important if thelityi of intermediate levels is required. In the
case of discrete attribute levels, intermediatellecannot be derived, and the attribute levels
to be included need to be carefully chosen, inot@eapture all situations to be described by
the model.

For each of the attributes, it is preferable tHht#ribute levels are present in the profiles
equally often (i.e. a balanced design). If thiaas the case, it will result in more observations
for one attribute level than for another, which medhey have a different probability to

become statistically significant. In addition, tiwalue of the model constant may be
influenced. The most efficient way to equalize thuenber of observations per attribute level,
Is to use the same number of attribute levels docheattribute. To limit the number of profiles

to be evaluated, in both the actor and user sutw@g attribute levels for each attribute were
included.

5.2 Selection of deployment options

For each of the actors, public authorities, themaugitive industry, and insurance companies,
three deployment options are selected. Deploymptibrs are potential courses of action,
which can be turned into deployment actidnsn ordinal scale of deployment options is
applied, based on differences in expected effectise. Generally, the deployment options
included in the investigation should cover a brdad,realistic, range. For the lower end point
of the ordinal scale, the deployment option “dohitg” was included for all of the actors.
Herewith, it is implicitly assumed that the actov8l not negatively affect user adoption,
which may be considered a pro-innovation bias. Haredoing nothing is expected to have a
sufficiently negative effect on deployment. For thigher end point of the scale, deployment
options are chosen that are expected to be masitiwt to increase user adoption of ADAS,
and are still realistic from the point of view diet actor. These are usually deployment
options that involve forced adoption, depending thhe resources of the actor. The
intermediate level then involves some measure itousdte users to adopt ADAS, without
forcing them to do so. In the following sub-sectipthe selected deployment options for each
actor are described.

® In the remainder of this dissertation, the ternplogment options is used when referring to the labée
options, to which no value has been attached ybaeWalue is attached to a deployment option, agnihis
chosen, this is referred to as the value of, octi@ce for, a deployment action.
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5.2.1 Public authorities’ deployment options

The set of deployment options that is availablg@ublic authorities includes doing nothing
(and, by doing so, leave deployment to the markafljyencing user opinions and awareness
by public campaigns, stimulating user adoption ibgricial incentives (e.g. direct subsidies,
tax reductions), and forcing adoption by legislati@.g. Alkim et al., 2007; Walta et al.,
2007). These deployment options can be appliedl tma@tor vehicles, but also to specific
target groups such as speed offenders, elderlgmdiiyoung drivers, professional drivers, or
truck drivers. Combinations of deployment options possible as well. The feasibility of the
deployment options depends on the resources alailabthe public authorities. While
combinations of deployment options and/or applazatof deployment options to different
target groups are feasible, this investigationasfined to single deployment options for all
motor vehicles. This is due to the focus of thigestigation on actors’ interactions, rather
than on the appraisal of feasible deployment option

The deployment options for public authorities irtgd in the investigation are ‘do nothing’ as
the least intervening option, and ‘legislative matiody equipment of all vehicles’ as the most
intervening option. For the intermediate optiore thain choice is between influencing user
opinions and awareness, and providing financiaémtives. These options were perceived as
being of equal effectiveness by stakeholders irgered in the eIMPACT project (Alkim et
al., 2007). However, when respondents from differaotors were asked which option
respondents would apply to stimulate ADAS deploymédmnancial incentives were more
often mentioned as a stimulation measure than agasecampaigns (Walta et al., 2007).
Financial incentives are a more tangible deploynogrtion, of which effectiveness is more
comprehensible than that of awareness campaignsseqaently, financial incentives are
used as the intermediate option for public authesit

There are several types of financial incentiveghsas direct subsidies and tax incentives.
Since the ADAS in this investigation are considexetie systems to be available only on new
vehicles, a tax reduction on vehicle purchase ifax (Belasting op personenauto’s en

motorrijwielen (BPM)” in the Netherlands) is seledthere, as a feasible and effective option.
In order for the respondents to evaluate “tax r&dot in the same way, it should be made
more specific by giving the amount of tax reducti@milar tax reductions are currently

awarded, or have in the past been awarded, foppupnt of diesel cars with specific dust

filters (600 euros) and on hybrid vehicles (2,50000 euros depending on the energy
efficiency of the vehicle; Belastingdienst, 2010gaking into account this information, and

the general costs of ADAS systems and their effentss for transport problems, it may be
realistic to think of a tax incentive in an ordémaagnitude of 1,000-2,000 euros. Here, 1,500
euros will be applied.

This leads to the following attribute levels as lpuuthorities’ deployment options:
- Do nothing;

- 1,500 euros tax reduction for vehicles with ADAS;

- Mandate ADAS for all vehicles by legislation.

5.2.2 Industry’s deployment options

The deployment options available to the industigiude doing nothing — which is a very
strong deployment option as it represents the lngcgower of industry — offering an ADAS

as optional equipment, offering retrofitting of &AS, advertising campaigns, discounts
(for example in packages), awards, dealer trainamg] eventually offering an ADAS as
standard equipment. These deployment options caappked to part of the vehicle range
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offered by industry, like some systems are alreadylable as an option on high-end vehicles
only, or to the complete range of vehicles of ac#mebrand. Again, the deployment options
are considered for all new vehicles.

The deployment options for the automotive indusihgiuded in the investigation are ‘do
nothing’ as the least intervening option, and ‘ADASstandard equipment on all vehicles’ as
the most intervening option. Intermediate deploytmgtions of industry are related to the
usual marketing strategy, in which a new produdirg introduced in high end vehicles in
order to recover the development costs, whichfermed to as a cascade of innovation in the
SEISS report (Abele et al., 2005). These strategiesvalid for both optional and standard
equipment of vehicles. Other deployment option$uithe the promotion of optional available
equipment. Since we cannot go into much detail, athér choices would be arbitrary, the
general option to offer ADAS as optional equipmisnthosen as the intermediate level here.

This leads to the following attribute levels asustity’s deployment options:
- Do nothing;

- ADAS is optional equipment for all new vehicles;

- ADAS is standard equipment for all new vehicles.

5.2.3 Insurance companies’ deployment options

Insurance companies have, next to doing nothingingle type of deployment option

available to influence user adoption of ADAS, which insurance premium reduction.
Currently, the calculation of the premium for asurant is still mainly based on statistics of
insurance claims as a result of traffic accideats] differentiation is based on vehicle type
and driver type. This is what we would call stggremium calculation. There is a rising trend
of more dynamic “pay-as-you-drive” based insurapodicies, with premiums based on
important and measurable variables regarding actidgtistics (e.g. Litman, 2005). In

several countries, vehicle insurance based on timbar of kilometers driven is already
available on a limited scale.

Static premium reduction is not yet a desirabldoopfor insurance companies to stimulate
user adoption of ADAS. Reliable accident statistelated to ADAS are not yet available, as
a result of which essential risk calculations cdarnve made. Dynamic premium calculation,
however, is a feasible option, since it is possitdemonitor certain aspects of driving
behavior that are related to accident risk, sucbpe®d and following distance. It has been
shown, for example in the Dutch Belonitor trialathrewarding drivers for safe driving
behavior has a positive effect on driving behayMazureck and Van Hattem, 2006). A trial
with a dynamic insurance premium bonus for usinglligent Speed Adaptation is running in
Denmark. Some preliminary results show that thelioation of speeding information, and a
prospective incentive of 30% premium reduction, hasery positive effect on speeding
(Agerholm et al., 2007).

The deployment options for insurance companiesuded in the present study are ‘do
nothing’ as the least intervening option, ‘varialpleemium reduction in combination with
ADAS as optional insurance policy’ as the internag¢eli option and ‘variable premium
reduction in combination with ADAS as standard nasice policy’. There are few clues about
a realistic level of insurance premium reductigparé from the 30% discount of the Danish
trial, which refers to young drivers (Agerholm dt, 2007). Since different ADAS are
considered, with possible various levels of effemtiess regarding safety, it is decided to
include a lower reduction, of maximum 25%.
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Selected attribute levels as insurance companegbgiment options:

- Do nothing;

- Optional up to 25% premium reduction for safe drgvusing ADAS,;
- Standard up to 25% premium reduction for safe dgwising ADAS.

5.3 Selection of user attributes based on deployment tpns

For users, only those deployment options are censitithat leave a choice to the user. This
means that all of the options forcing deploymenABIAS are not considered, as well as the
option that the automotive industry is doing nothifthe remaining deployment options to be
considered are then ‘do nothing’ and ‘1,500 euras teduction’ by public authorities,
‘ADAS as optional equipment’ by the automotive istty, and ‘do nothing’ and ‘optional
25% premium reduction’ by insurance companies. imtdastry deployment option (ADAS as
optional equipment), is taken as a starting coowlitn the survey, and the extent to which
public authorities and insurance companies camenite the probability that users purchase
an ADAS is investigated, given that it is providegian option.

The deployment options of public authorities canifterpreted as ‘no tax reduction’ and
1,500 euros tax reduction’. Since users will natyodecide based on the amount of the tax
reduction, but also on the (remaining) purchaséscofsthe ADAS, it was decided to include
an attributecost in which the total cost can be varied, represgndifferent levels of tax
reductions. The maximum costs were set to 1,500seuepresenting the ADAS without a tax
reduction, and the minimum to 100 euros. The |d@eel was chosen instead of O euros to
include a small cost barrier for purchasing ADASieTintermediate costs were set to 750
euros. Table 5.1 presents the combinations of tirehpse price of the ADAS and tax
reductions that can be considered by these attrieuels.

Table 5.1: Combinations of price and tax reductiormrepresented by the cost attribute

Total Combination 1 Combination 2 Combination 3
Costs Price Taxreduction Price Taxreductipn Price Teduction
100 euros| 100 0] 750 750| 1,500 1,500
750 euros| 750 0| 1,500 750 - -
1,500 1,500 0 - - - -
euros

*While these reductions would lead to a total cafsO euros, it was decided to apply a minimum totat of
100 euros

In summary, the attribute levels for the attribAf2AS costs are:
- 100 euros;

- 750 euros;

- 1,500 euros.

The deployment options of insurance companies eaimterpreted as no premium reduction
and 25% premium reduction. It was decided to inelah attributepremium reduction,
representing reductions on recurrent (monthly) rasce payments by users. Next to no
premium reduction, and 25% premium reduction, ke tlevel included in this investigation

iIs 50% premium reduction, which is expected to beuad the upper limit of feasible
premium reductions. One might argue that a pergenis a different amount of money for
each of the respondents, and as such is not spenifiugh. However, insurance premiums are
very different for each type of driver, and as susing a percentage is a better measure than
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monetary units. Besides, this type of measure $ alsed in other experiments (e.g.
Agerholm et al., 2007).

In summary, the attribute levels for premium reducin combination with ADAS are:

- 0% premium reduction;

- 25% premium reduction;

- 50% premium reduction.

5.4 Selection of ADAS

Given the wide range of ADAS available, it is exjgecthat the impacts of different ADAS
correspond to the interests of different actorst &wample, ADAS that mainly increase
driving comfort are more interesting for users e tautomotive industry than for public
authorities or insurance companies. Accordinglis gxpected that actors’ decisions to apply
a deployment option are influenced by the type ®@AS concerned. Thus the ADAS
included in the actor and user investigation weteced to predominantly match the interests
of public authorities, the automotive industry,ilmsurance companies. Public authorities are
generally most interested in traffic safety fronsacietal point of view (e.g. ADVISORS,
2002; Lathrop and Chen, 1997). In contrast, th@raative industry is most interested in
accomplishing competitive advantage and, as atresuluser benefits such as individual
driver safety, comfort and convenience (Walta et 2005). Insurance companies are also
interested in competitive advantage, and are tbexedxpected to be interested in possibilities
for product differentiation, including insuranceogucts that are more tailored to individual
accident risk. For each of the actors, one ADASekected that particularly matches their
interests. This ADAS should be technologically feles and some evidence on positive
effects on traffic should be available.

5.4.1 ADAS of interest for public authorities

Since public authorities are mainly interested raffic
safety, the choice of Intelligent Speed Adapta(i@A) as
an ADAS to be (presumably) public policy drivenqsite
straightforward. The more intervening types of |&ke
expected especially to have substantial effectdrafiic
safety (e.g. Carsten and Tate, 2005; Varhelyi aa#tiiven,
2001). Moreover, the automotive industry provel tstibe

reluctant to move towards ISA implementation, \N
illustrated by the fact that, while safety systetake an -
important place in it, ISA has not been includedtlie
roadmap for the automotive industry (CARS21, 200 Speed Assistant
However, agreement among actors has been establisrie

with regard to warning ISA in the SpeedAlert projexf which the general objective was: “to
support the implementation of in-vehicle speed tapplications that can contribute to
improve road safety” (SpeedAlert, 2005, p.5).

The different functional options for ISA can beeggdrized by the level of intervention in the

driving task, and the type of speed limits suppbieg. Carsten and Tate, 2005). Here, we

chose to focus only on the intervention level, sinwost differences in actor opinions can be

attributed to it (Morsink et al., 2007).

Generally, the following levels of intervention arensidered:

- Warning: warns the driver by an acoustic and/ouafisignal that he is over the current
speed limit;
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- Assisting: supports the driver in keeping the sderd by an active accelerator pedal that
can still be overruled by the driver;
- Limiting: makes it physically impossible to drivaster than the speed limit.
Limiting ISA is generally expected to have the laghimpacts on traffic safety, with a
potential reduction in fatal accidents of 37-59%aiast 19-32% for assisting ISA, and 18-
24% for warning ISA (Carsten and Tate, 2005). HosveVvimiting ISA receives a lot of
opposition from, for example, car manufacturersrtfiermore, in the Netherlands it is
mentioned mainly as a potential means to enforeedgpffenders to comply with the speed
limits. For these reasons, limiting ISA is currgntinlikely to be eligible for large-scale
deployment. Assisting ISA is still expected to haubstantial effects on traffic safety, while
its acceptance among users is relatively high (élassenroot et al., 2007). Since warning
ISA is already being implemented (for example irvigation systems), assisting ISA is
chosen as the system most eligible for governmaetvention. In the present study, this
ADAS is further referred to as tt@&peed Assistant

5.4.2 ADAS of interest for the automotive industry
The automotive industry is expected to be mostiyedr by
what the customer wants, i.e. user needs. Van [@nel A
Van Arem (2005) performed a user needs survey, twk i )
showed that drivers are interested in getting sttpjpom
their car in congestion and adverse weather camditi
Research on congestion assistance has been ddmenb ]

the INVENT project (Benz et al., 2003) and by VarieD ﬂ‘—)'ﬂ
(2007). Both consider an integrated system, buthv
different ADAS components. The INVENT congestic
assistant integrated ACC, Stop&Go, Lane Keeping i
(possibly) Vehicle-to-Vehicle (V2V) communicatioithe Congestion Assistant
Stop&Go system extends conventional ACC into theelo
speed ranges, making it possible to come to a @tmptop, and start-up again automatically.
Van Driel designed a congestion assistant integge®top&Go, V2V communication and an
active accelerator pedal to slow down before a j&xperiments with this Congestion
Assistant, including Stop&Go, an active acceleragtedal and congestion warning, showed
positive results for driver acceptance and throughpspecially regarding the Stop&Go
functionality (Brookhuis et al., 2009; Van Driel daivan Arem, 2008). Because of these
positive effects, and the fact that ACC and Stop&ltawe — in combination as Full Speed
Range ACC - already been introduced to the maek€ongestion Assistargonsisting of
Full Speed Range ACC will be considered in thiselitation.
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5.4.3 ADAS of interest for insurance companies
Insurance companies generally base premiums for
insurance on indicators, such as age, sex, car ayge by
driving experience, derived from statistics basecarlier | speed Limit !
claims. These indicators may not explain all hegereity = """

in risk types of car drivers, and as such couldl lEaan | snort Headway D —
unfair premium distribution among insurants. Cutiggn | ™"

Navigation Option: Safest Route

black boxes can be integrated in a car that canitoror FEEDBACK ON SAFE DRIVING
driving behavior, from which the risk type of thewer © o @
can be derived (Filipova-Neumann and Welzel, 201

Filipova-Neumann and Welzel suggest that for pmyve
reasons the information from the black boxes shouly

Safe Driving Assistant
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be made accessible to insurance companies afteccaent. Using the information from the
black box may become more acceptable if they aes dsr pay-as-you-drive premium
schemes, in which the user is informed about hisrdy behavior, and is able to influence it.
Speed and headway are two important indicators#&fe driving behavior. Information on
safe speed and safe headway is found to positiaéilyence safe driving behavior (Adell et
al., 2011). In addition, providing rewards was fduo increase compliance with safe speed
and safe headway (Mazureck and Van Hattem, 20@&hi$ study, a combination of speed
limit warning, short headway warning, and a safeste option on a navigation systens
included. Based on the performance of the drivethenthree functionalities: safest route,
headway, and speed, the driver receives feedbadkisodriving behavior with respect to
safety. This output can also be used to offer smilfle insurance premium based on actual
driving behavior. This system will be referred ®Safe Driving Assistarih this dissertation.
While this system seems to be a combination offdh@er two, it is essentially different, in
that it only issues warnings and does not activelgrvene, and as such it gives a different
type of assistance to the drivers.

All of the systems mentioned above will be consedefor deployment on all vehicle types
and all driver types.

5.5 Conclusions

In this chapter, the deployment scenarios addressedis dissertation were specified. In
order to perform the conjoint measurement tasksthi@ actor and user surveys, the
deployment scenarios were translated into actor @wset specific attributes. Deployment
scenarios consist of the deployment actions takerthe actors (public authorities, the
automotive industry, and insurance companies).elech of the actors, three different options
for taking deployment actions were defined, whicitlude doing nothing stimulating
adoption and forcing adoptionof the ADAS. For users, the deployment scenariesew
translated intoADAS purchase costand insurance premium reductionThe deployment
scenarios were considered for a number of ADASpeed Assistana Congestion Assistant
and aSafe Driving AssistanfThese ADAS were expected to be particularly sg@ng for,
respectively, public authorities, the automotiveustry, and insurance companies.

® The choice to include safest route navigation wesmpted by the professional pilot of the Transumo
Intelligent Vehicles project, in which a safestt@navigation system was tested.
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6 Actors’ expectations regarding ADAS
deployment

Which deployment actions are actors expected te, takd for which ADAS? How are they
influenced by the deployment actions of other a&crhis chapter describes the setup of the
actor survey regarding ADAS deployment, and deslgioecollect data in order to estimate
models of actors’ decision-making regarding ADA®Idgment, given the actions of other
actors. For each actor, public authorities, th@metive industry, and insurance companies,
separate models were estimated of the probabitigt they will actually take certain
deployment actions, and of the utility individuagspondents derive from these deployment
actions. Based on these models, most of the raktiwat were assumed to exist between the
actors’ actions could be confirmed.

79
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6.1 Actor survey set-up

The central part of the actor survey is a conjoieasurement task designed to collect data to
estimate the probability and utility models of actdecision-making regarding ADAS
deployment. Table 6.1 summarizes the attributes tla@ attribute levels, to be included in the
conjoint measurement task for the respondents,iwhare introduced in Chapter 5.

Table 6.1: Overview of actor attributes and attribue levels

ADAS Attribute levels: ADAS
ADAS Speed Assistant
Congestion Assistant
Safe Driving Assistant

Deployment options/actions Attribute levels: deplosnent options/actions
Public authority’s deployment Do nothing
options/actions 1,500 euros tax reduction for vehicles with ADAS

Mandate ADAS for all vehicles by legislation

Automotive industry’s deployment | Do nothing

options/actions ADAS is optional equipment for all new vehicles

ADAS is standard equipment for all new vehicles

Insurance company’s deployment | Do nothing

options/actions Optional up to 25% premium reduction for safe driyusing ADAS
Standard up to 25% premium reduction for safe dguvising ADAS

In this study, only one time-step is consideredyimg from a first — initial — deployment
scenario, to a second deployment scenario. Thrgsepts an initial decision round, in which
it is assumed here that actors can only move tdahanadeployment action from ‘doing
nothing’, and otherwise maintain the same actiamn.tke survey, this means that the action of
the responding actor in the initial deployment sc@s is constant and ‘do nothing'.
Consequently, the respondents’ action was not deduin the deployment scenarios
presented to the respondents. These deploymenarszerihus include the ADAS and the
deployment actions of the other actors.

The remaining steps that need to be taken heteeigdt-up of the conjoint measurement task
for the respondents are (1) to determine the fanati form of the probability and utility
models to be estimated, which is performed by meé&mspilot questionnaire, (2) to combine
the attribute levels into profiles, with the numbar profiles depending on the functional
form, and (3) to define the measurement task fer risspondents. Next to the conjoint
measurement task, the survey also includes theatwh of respondent characteristics and
expected impacts of the ADAS and deployment actayndecision criteria.

6.1.1 Pilot questionnaire

The number of profiles to be included in the comjoneasurement task for the respondents
depends upon the functional form of the probabaibd utility models to be estimated. The
functional forms considered here are the additorenf a linear combination of the attributes,
and the form including two-way interactions, a &neombination of the attributes, and all
possible products of two attributes. When the fiomatl form is assumed to be additive, 9
profiles or combinations of three attribute lev@®AS and deployment actions of two other
actors) are necessary. When the functional forno aisludes two-way interactions, 27
profiles are necessary. It is generally preferceshtlude the least amount of profiles possible,
since this will increase response, but there radetoff with a possible gain in accuracy when
interactions are included. A pilot study was perfed to be able to make this trade-off for the
present situation in an informed manner.



Chapter 6 — Actors’ expectations regarding ADASIdgment 81

Two variants for the functional form of the utilitgpodel were included in the pilot study, an
additive model and a model including all possille-tvay interactions. A pilot questionnaire
was set up, completed by five colleagues from Déffiversity of Technology, University of
Twente, and University of Groningen. They were dsketake a role as one of the actors, and
evaluate three different deployment options fos tactor, given the ADAS and the current
deployment scenario. One of them took the roleulflip authorities, two of the automotive
industry, and two of insurance companies. In gdnéhase respondents reported that the
questionnaire was very long, and the questions wgtemely difficult. The length of the
questionnaire is likely to seriously limit the resige rate, and the difficulty could imply that
the accuracy of the answers may diminish rapidlghvain increasing number of questions.
These findings increase the need for a relativetypke questionnaire, and as such would
justify the use of an additive model. Keeping tiatmind, both the additive and the
interaction models are assessed on their perforenanc

Using the data resulting from the pilot questionmautility models were estimated for each
of the deployment options, applying both the agditiand the interaction functional form.
The performance of both functional forms was agskby the absolute deviation between the
utility of a profile based on the models, and thiéty of a profile as observed. Furthermore,
the performance was assessed by the deviatioreiorter of preference of the deployment
actions resulting from the model, from the obseroater of preference. Table 6.2 shows the
average absolute deviations from the observed daththe number of profiles for which the
most preferred deployment action coincides withahserved data.

Table 6.2: Performance of model types based on tegtiestionnaire

Number of profiles for which
Average absolute deviation from most preferred deployment
Deployment observed data action coincides with observed
Respondent option (data on scale 1-10) data _
(max. 27 profiles)
Interaction Additive Difference Interaction Additive
models models models models

Public Do nothing_ 0.412 0.658 0.246

authorities Tax reduction 0.354 0.498 0.144 25 24
Mandatory 0.406 0.679 0.273
Automotive Do _nothing 0.203 1.951 1.748

industry 1 Option 0.535 0.835 0.300 27 24
Standard 0.686 0.864 0.178
Automotive Do _nothing 0.148 0.741 0.593

industry 2 Option 0.148 0.461 0.313 27 27
Standard 0.000 0.551 0.551
Insurance Do _nothing 0.642 1.790 1.148

companies 1 Option 0.730 1.564 0.834 26 24
Standard 0.768 1.580 0.812
Insurance Do _nothing 0.348 0.510 0.162

companies 2 Option 0.521 0.667 0.146 27 26
Standard 0.433 0.691 0.258

As expected, the interactions models perform béftan the additive, main effects, models.
However, since additive models are generally padfier, the question is whether the better
performance of the interaction models provides dddalue over the advantages of the

" From the available data, only the data that wexessary to estimate an additive model were used.
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additive model. An acceptable deviation of the nhdten the data would be 1.000, since this
represents a difference in utility of only 10%. Teab.2 shows that four of the outcomes of
the additive models do not comply with this stadddmree of them are reported for one of
the respondents though (i.e. insurance companjeshb could be considered as an outlier,
and will not be further taken into account. Regagdihe forecasts, it can be concluded that
the additive models perform nearly as well as titeraction models, except for one of the
respondents, for whom also a relatively large diffee in the absolute deviations was
reported (i.e. automotive industry 1).

Taking into account the overall performance of thedels, and the remarks made by the
respondents, it can be concluded that interactimasot expected to play a sufficiently large
role to justify the task burden for the respondentish respect to both the amount of time
needed for the questionnaire, and the accuracytghvthey will answer.

Consequently, it was decided to use additive motétisboth the probability and utility
models:

P(Dl,a =Y, |D, =X) =c+bx +b,x, + bz+¢& (6.1)
U(y.) =k+1x +1x, +,z+¢, (6.2)
In which:

D, a = stochastic variable representing deployment acifaactora at timet=1;
Do = stochastic variable representing deploymentaieat timet=0;
Ya = deployment action by actarat timet=1;

x = deployment scenario at tintre0;

X1, X = deployment action by other actors 1 and 2 at t#D;

z= ADAS;

¢ = constant of probability model,

by,b,,b3 = coefficients of probability model,

k = constant of utility model,

I1,12,13 = coefficients of utility model;

€1, &2 = error terms.

The error terms describe the amount of probabditytility that cannot be described by the
model, for example due to individual differencesatiributes not included.

A further finding from the pilot questionnaire wtsat the effects of ADAS were relatively
small, and of low statistical significance. Thisuttb be due to the fact that the 27 profiles
were presented in three groups. The first ninegmtesl deployment scenarios including the
Speed Assistant, the second nine those includiagCtingestion Assistant, and the last nine
those including the Safe Driving Assistant. In tinay, it may have been difficult for the
respondents to make trade-offs between the diffexBAS.

6.1.2 Combination of attribute levels into profiles

Given the choice for an additive functional formm Bth the probability and utility models, a

set of 9 profiles is necessary to collect the datanodel estimation. This set of profiles (i.e.

the experimental design) needs to be orthogonakhMmeans that all combinations of two

attribute levels occur exactly once. Table 6.3 shdle profiles in the order presented to
respondents of public authorities. The ‘attribuggels’ column represents the experimental
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design, in which attribute levels 0, 1, and 2 facte of the attributes are combined into
profiles. The attribute levels are specified in sadsequent columns for the attributes ADAS,
the automotive industry’s deployment action, arglirance companies’ deployment action.

Table 6.3: Profiles in the order presented to respalents from public authorities

Profile Atltribute ADAS Automotive indus.try’s Insurance companies’
evels deployment action deployment action
1(holdout) 2 2 1| Safe Driving Assistant Standard ti@p
2 0O 0 O Speed Assistant Do nothing Do nothing
3 1 1 0 Congestion Assistan Option Do nothing
4 2 2 0] Safe Driving Assistant Standard Do nothing
5(holdout) 1 0 2 Congestion Assistant Do nothing anfiard
6 0o 1 2 Speed Assistant Option Standard
7 1 2 2 Congestion Assistan Standard Standard
8(holdout) 0 1 0 Speed Assistant Option Do nothing
9 2 0 2| Safe Driving Assistant Do nothing Standard
10 0 2 1 Speed Assistant Standard Option
11 1 0 1 Congestion Assistant Do nothing Option
12 2 1 1| Safe Driving Assistant Option Option

Three extra, redundant, profiles were added taddsgn. One was added as profile 1 in the
questionnaire, in order to let the respondentsuged to the type of questions, which are
complicated. The answers to this profile were notuded in model estimation, or any other
further analysis. Another two profiles were addetetween the other profiles, the answers to
which were not included in model estimation, butreveised to validate the model by
comparing them with the outcomes of model simutetioThese so-called holdout profiles
(they are held out of model estimation) consistedifferent combinations of attribute levels
than those already included in the design. Inghisicular case the holdout profiles were used
to determine the level of statistical significaretewhich attributes should be included the
models that were to be used for simulation of sgesa

Given the experience in the test questionnaire thighsmall effects of the ADAS, the profiles

were presented in such an order that the ADASradted for each question. Furthermore, the
order of presentation of the attributes is delityachosen. First, the ADAS, since these are
the subjects on which the deployment actions apgtgn, second, the industry’s deployment
action, since they are a crucial actor in ADAS dgplient, and finally the deployment action

of the remaining actor. If the industry is the m@sging actor, public authorities are the first

actor whose deployment action is presented.

6.1.3 Measurement task

The remaining question regarding the setup of thgoint measurement is how to measure
(1) the probability that actors will actually takedeployment action and (2) the utility of
deployment actions for the individual respondemsssible measurement tasks include
ranking profiles, choice between profiles, andngtof profiles. In the definition of the
models in Chapter 4, it was already determined phatbability and utility are to be measured
directly, which would be on a rating scale.

Both the probability and utility measurement weeefprmed for each profile at the same time
(see Figure 6.1). It was considered most logicaltfie respondents to first give their own
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opinion by means of the utility measurement, antbdo up with their expectations of the
sector, by means of the probability measurement.

SITUATION 4

Navigation Option: Safest Route

wo ' *B—e@d | pyplic authorities: Mandate Safe Driving Assistant on all vehicles by legilat

6 ¢ & Insurance companies: Do nothing

Safe Driving Assistant

How wouldyou, as an individual stakeholderrate application of the following instrumehis this

situation?
Very Very
low high

Do nothing o o o o o o o o o o o

Safe Driving Assistant is
optional equipmentfor o o o o o o o o o o o
all new vehicles

Safe Driving Assistant is
standard equipmentfor o o o o o o o o o o o
all new vehicles

What would be the chance traitomotive industry actually applies the following instrumernisthis

situation?

Percentage %
(sum = 100%)

Do nothing

Safe Driving Assistant isptional equipmentfor all new
vehicles

Safe Driving Assistant istandard equipmentfor all new
vehicles

T

Other (please specify): [

Figure 6.1: Example of utility measurement for respndents from industry

For the utility measurement, a rating task is ideld for each of the responding actors’
deployment options. An 11-point scale has beeniegb this end. This scale is detailed
enough to make a distinction between the 12 pwofikeluded, and is still capable of being
understood, since it is a commonly applied systengfading.

For the probability measurement, a different typle rating task was included. The
respondents had to allocate probabilities to tfierint deployment instruments. In order to
keep the task realistic, the deployment option édthwas added, so the sum of probabilities

® In the questionnaire, the term “instrument” wasdignstead of “deployment option”. Subsequentlyvéts
found that deployment option is a more appropttats, and is therefore used throughout this diagen.
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could be fixed at 100%. The advantage of this fofrmeasurement is that the respondent has
to make a trade-off between the deployment options.

Some of the 12 profiles may prove to be unrealisticin some of them certain deployment
actions are not feasible. For example, if publithatities mandate an ADAS, the automotive
industry cannot ‘do nothing’. In the questionnaifee respondents were instructed to rate a
deployment option with ‘0, if such a case occurnetheir opinion.

6.1.4 Respondent characteristics

Respondent characteristics are included in thetqueesire to verify if the respondents who
reacted to the questionnaire are part of the taggeup of this investigation. These
characteristics were also used to explain potentidlerences among the observed
probabilities and utilities. The most important weristic to be measured is the extent to
which the respondents are familiar with the ADASluded in the questionnaire. Familiarity
gives an indication of the validity of the respont$ expectations regarding ADAS
deployment. In addition, differences in familiaritnay also explain differences in
expectations. Further characteristics included thee country of residence, the type of
organization, and the role of the respondent withis organization. The country of residence
is important to report since the focus of this aesk project is on the Netherlands, while the
automotive industry can reside in different cowedriThe type of organization the respondent
works for within a sector, may influence their dpmwith respect to ADAS deployment. For
example, automotive suppliers have a differentamast to sell their products to than car
manufacturers, and as such have different intereéstally, it is also interesting to know what
the role is of the respondents within their orgatians. The actual decision-makers, or
people involved in decision-making, could have atéint opinions than, for example,
researchers who are knowledgeable about ADAS, duibtl have to decide.

Summarizing, the background questions includer{&)familiarity of the respondent with the
functionality of the three ADAS included in the gstigation, (2) the country of residence of
the organization the respondent works for, (3)tipe of organization or area of operation
(actor dependent), and (4) the role the responttEntvithin the organization.

6.1.5 Expected impacts on decision criteria

Next to the respondent characteristics, the expentof respondents regarding the impact of
the ADAS, and deployment actions on (important)iglen criteria, can explain potential
differences among the observed utilities and priitiab.

The decision criteria to be included in the surweyre defined using the list of 20 important
decision criteria that resulted from the prelimyaxploration of decision criteria (see
Chapter 2). This list was condensed by removintga that were hierarchically related to
other criteria on the list (such as driver disti@ttiwhich is related to safety), and criteria that
referred to prerequisites, or conditions to be rbefpre ADAS deployment can be put into
effect (such as standardization). The remainingsd@t criteria aresafety, driver acceptance,
liability, costs, environment, profitability, ancavel time/network efficiency
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What effect would large scale deployment of 8peed Assistanto your

opinion, have in general on the following thredesia? ]

Speed Assistant

Definitely Definitely
negative positive
-3 -2 -1 0 1 2 3
Traffic safety o o o o o o o
Traffic flow o o o o o o o
Environment o o o o o o o

Definitely Definitely
unacceptable acceptable
-3 -2 -1 0 1 2 3
Speed Assistant o o o o o o o
Congestion Assistant o o o o o o o
Safe Driving Assistant o o o o o o )

What is, to your opinion, the effect ADAS as optional equipment for all new vehicles the

following four criteria, if doing nothing is neutrg=0)?

Definitely Definitely
negative positive
-3 -2 -1 0 1 2 3
User costs of the o o o o o o o
ADAS
Costs for industry o o o o o o o
Investment risk o o o o o o o
Liability risk o o o o o o o

What is, to your opinion, thecceptabilityof the following instruments by users, if doing liag is

neutral (=0)?

Definitely Definitely
unacceptable acceptable
-3 -2 -1 0 1 2 3
ADAS is optional
equipment for all new o ) o o o o o
vehicles
ADAS is standard
equipment for all new o ) o o o o o
vehicles

Figure 6.2: Expected impacts measurement for respaents from the automotive
industry
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It was assumed that both the ADAS and deploymetnbrasinfluence the expected impacts
on decision criteria. However, the impacts on saithe criteria are expected to be mainly
influenced by the type of ADAS (e.g. safety), ahd impacts on others more by deployment
actions (e.g. costs). Consequently, it was decidexbparately measure the expected impacts
of the ADAS on ADAS related criteria, and the expécimpacts of the deployment actions
on deployment actions related criteria. Some ofcttiteria were split, and the majority were
renamed to enable better understanding by the melgpds (see e.g. Wiethoff et al., 2006).
ADAS related criteria included were (1) traffic ebf, (2) environment, (3) traffic flow, and
(4) user acceptance of the ADAS. Deployment actrefeted criteria included were (1) user
costs, (2) actor costs, (3) investment risk, (dbpility risk, and (5) user acceptance of the
deployment option.

With respect to the measurement of the expecte@atapit is important to have a common
reference point for all actors. To that end, a lsiphikert scale is applied, so that negative
and positive expected impacts with respect to tireeat situation (= 0) can be measured. In
case of the deployment actions, the respondentasiesd to label their ‘do nothing’ action as
equal to 0. Since there are three deployment agtamd three ADAS, for which criteria will
be valued, a 7-point scale (-3/-2/-1/0/+1/+2/+3)applied, so the respondent can always
distinguish between the deployment actions or tB&S. While the measurement scale is the
same for all decision criteria, questioning for gmance was different (see Figure 6.2). The
guestions regarding deployment actions were diftefer each actor; the example presented
in Figure 6.2 is for the automotive industry.

6.2 Questionnaire and data collection

A questionnaire was designed, based on the measatéasks described in Section 6.1, to be
completed by respondents of the three actor graopkided in this investigation, i.e.
industry, public authorities and insurance compankor each of these groups, a separate
guestionnaire was designed, since a large numhi&eajuestions were different. With regard
to the order of the three main tasks, it seemstoriportant for the consistency of the model
that the respondents have had some time to thioktahe ADAS and deployment options
before engaging in the most important task, thdityutand probability measurement.
Consequently, it was decided to place the expaotpdct measurement before the utility and
probability measurement in the questionnaire. Thestjonnaire began with the background
questions. This was designed to discourage resptstleat clearly do not fit in the general
picture of the target group of this questionnaim@n continuing with the questionnaire.

There are a number of options available to coliatd by means of a questionnaire, including
a face-to-face interview, a phone interview, segdhre questionnaire by mail, and using an
internet-based questionnaire. The questions indlunléhe questionnaire, especially those of
the utility measurement, are quite complex, angardents may need some time to master
the scenarios before answering the questions. fitakes the questionnaire particularly
unsuitable for a face-to-face or a phone interviéhe question whether to send the
guestionnaire by mail, or publish it on an intermetbsite, should be answered by the
expected response and the administration of thee @at the one hand, the expected response
of a questionnaire by mail could be higher, sinoaventional mail may be given higher
importance than electronic mail. On the other handay be outranked in response by the
ease of completing the questionnaire on a websitaddition, the data administration of an
internet-based questionnaire can be automatedisathe@refore preferable for the researcher.
It was therefore decided to apply an internet-bagpeestionnaire, designed with
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NetQuestionnairghttp://netq.n). Data collection was performed during the secbat of
2008.

Respondents were invited by personalized e-magiseated byNetQuestionnaireincluding

a unique URL to the questionnaire for each respan@ad by general invitations, including a
general URL to the questionnaire. The former has #uvantage of an automated
administration of response, which includes sendemginders to those respondents that have
not yet completed the questionnaire. Although tégpondents could be identified in the
system, their personal information and their answeere disconnected in the resulting data
file. The questionnaire was made available botBnglish and in Dutch to facilitate accurate
answering.

Table 6.4: Total response to the questionnaire

Invited via NetQ Initial response Total response after
extra invitations
Actor
Percentage
# # 7 #

of invited
Public authorities 53 18 34% 20
Automotive industry 169 47 28% 47
Insurance companieg 1 1 100% 8
TOTAL 223 66 30% 75

The respondents that were invited with a unique UBtresented the automotive industry,
public authorities or insurance companies. Theyewsglected based upon their expected
knowledge in the field from contacts in the reskarts network or those of colleagues, and
contributors and participants of two events infiekl of intelligent vehicles that took place in
the Netherlands in 2007 and 2008 respectively. tdted number of respondents invited was
223, of which 66 completed it, which is 30% (seebl€a6.4). Taking into account the
difficulty of the questionnaire (that was sometimneported by respondents), the response is
satisfactory, although lower than desirable.

Only one respondent for insurance companies watedhto the questionnaire with a unique

URL. It was not easy to find contacts within thedisietworks, and the best option to find
respondents was to use known contacts within imegraompanies to invite their colleagues
to respond to the questionnaire. This was donerbyiging these contacts with a general

URL that they could pass on. As a result, the nunalbénvited respondents is not precisely

known. A total of 7 extra responses representisgirgnce companies were received in this
way. Using the same general URL, 2 extra respors@®senting public authorities were

received (see Table 6.4).

The majority (60%) of the respondents needed l@Blutes to complete the questionnaire,
the remainder needed more time. This indicates ¢batpleting the questionnaire was an
intensive task. Of the 120 respondents that stafiedquestionnaire, 45 did not finish, of

which 37 quit before the most difficult and impartgpart of the questionnaire (conjoint

measurement). This means that 90% of the respontigait started the conjoint measurement
part also finished it, which shows their commitminthe research topic.

While the quantity of the response is satisfactting, experienced difficulty of the questions
raises some concern about the internal consistehtlye responses, especially regarding the
conjoint measurement part of the questionnaire. iternal consistency of the response is
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important to generate reliable simulations of scesanot included in the questionnaire. It
can be checked by simulating the data for the hdldoenarios, and comparing these to the
actual data, together with visual inspection ofdaga. Since inconsistencies could also reflect
the influence of factors that were not includedhe conjoint measurement, applying strict
thresholds for inconsistent cases would not be digpé The answers of three respondents
were considered as outliers, based on their pegonoa on the conjoint measurement part of
the questionnaire. These cases were internallynsistent, to such an extent that they
affected the internal consistency of aggregatedetsofl case, insurance companies), or no
underlying opinion could be identified (2 casese thutomotive industry). The internal
consistency is valued as important, since religmeulations of deployment scenarios that
were not included in the questionnaire are neededd next research step. These three cases
were therefore not included in further analysis.

In summary, the answers of 72 respondents willfmduded in further analysis, 20 from
public authorities, 45 from the automotive indusaigd 7 from insurance companies.

6.3 Results: general explanatory variables

6.3.1 Respondent characteristics

In order to assess the response to the questienaad explain possible differences in the
answers, general characteristics of the respondests collected. These characteristics
included familiarity of the respondents with the AB included in the questionnaire (Speed
Assistant, Congestion Assistant and Safe Drivingigtant), the country of residence of the
organization the respondent works for, the typ@rgianization, and the role the respondent
has within the organization.

Table 6.5: Familiarity with the systems

General Publ_i(_: Automotive Insuram_:e
Authorities Industry Companies
Familiarity | SD™ | Familiarity Familiarity | SD Familiarity
Speed Assistant 1.35 1.15 1.80 0.41 1.33 1.15 0.14 1.78
Congestion Ass. 1.63 0.85 1.70 0.66 1.73 0.69 0.71 1.60
Safe Driving Ass 0.96 1.27 0.80 1.70 1.04 0.98 0.86 1.68

*  Applied measurement scale: -2 (definitely renniliar)/-1/0/+1/+2 (definitely familiar)
** Standard deviation

The familiarity of the respondents with the funotdity of the three ADAS was measured on
a 5 point Likert scale from -2 to 2, in which -2 svassigned to “definitely unfamiliar” and 2
to “definitely familiar”. Table 6.5 shows the avgeafamiliarity of the actor groups with the
ADAS. The most important finding is that respondeffom insurance companies were,
generally, less familiar with ADAS than the othespondents. In addition, the high standard
deviation also indicates a large spread in fanfiammong the insurance companies’
respondents. More generally, the respondents weasonably familiar with the ADAS.
Public authorities’ respondents were slightly mdeaniliar with the Speed Assistant,
automotive industry respondents were most famiiéth the Congestion Assistant, and
insurance companies’ respondents were slightly mfarailiar with the Safe Driving
Assistant.
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Table 6.6: Country of residence

Country Total Public Automotive | Insurance
Authorities Industry Companies

# %| # %| # %| # %
Belgium 6 8%| 5 25% 1 2% 0%
France 4 6%| O 0%| 4 9% ( 0%
Germany 20| 28%| 1 5% 19 42% 0 0%
Italy 10| 14%| O 0% 1d 22% 0 0%
Japan 2 3% 0 0% 2 1% ( 0%
Sweden 3 4%| O 0%| 3 799 0%
The Netherlands 27 | 38%| 14| 70% i 13% 7 100%
Total 72| 100%| 20 100% 45 100% |7 100%

Table 6.6 presents the country of residence ofréspondents by actor group. Most of the
respondents to the questionnaire were from the éMletids (38%), representing the majority
of public authorities’ and all insurance companiespondents. For both these actor groups,
mainly respondents from the Netherlands were idyisence the Netherlands is used as a case
study in this research project. Six respondents fpoiblic authorities were from Belgium and
Germany, and three of the Belgians were EU reptaBees. It is expected that the opinions
of the Netherlands’ neighbors is not too divergdni, in the analysis, attention was paid to
potential differences with respect to the EU aniibnal level. With respect to the automotive
industry, a broader selection of respondents waessary. Most respondents from the
automotive industry were from Germany (42%) antly/1{22%), which can be explained by
the fact that they are involved in many (Europe@search projects, and therefore widely
represented in the networks of the research caleEmghat were used to invite the
respondents.

The majority of public authorities’ respondents geas expected, from national authorities
(70%). The majority of respondents from the autoweoindustry were from private vehicle
manufacturers (38%) and automotive suppliers (36%).

Table 6.7: Roles of respondents within organizatian

Role General Public Automotive | Insurance
Authorities Industry Companies
# %| # % # %| # %
Decision-maker | 5 7% 0 0% 2 4% 3 38%
Decision advisonf 20 | 28%| 12 60% 1 16% [ 13%
R&D 40| 56%| 4 209 33 73% B 38%
Other 7| 10%| 4 20% 3 79 ) 13%
Total 72| 100%| 20 1009 45 100% |7  100%

Table 6.7 presents the roles of the respondentsnatiheir organizations per actor group. The
majority of the respondents were working as denisadvisors, or in research and
development (56%). For public authorities the majarork as a decision advisor (60%). For
the automotive industry, the large majority of thespondents work in research and
development (73%). This is probably due to the that the respondents were invited based
on networks of research colleagues and congresigipants. In addition, researchers could
be relatively more willing to participate in a qtieenaire. The respondents of insurance

companies included a relatively large share ofslesimakers, when compared to the other
actor groups (38%).
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6.3.2 Expected impacts on criteria

The impacts of the ADAS and deployment options mieiga, as expected by the actors, were
measured on a 7 point Likert scafeom -3 to 3, in which -3 was assigned to defiyite
negative, and 3 to definitely positive. For thetenibn user acceptance -3 was assigned to
definitely not acceptable, and 3 to definitely quteble. This scale is chosen to give the
respondents enough range to report possible diffeein impact between the three ADAS
and three deployment actions.

Table 6.8 presents the average values of the impdédhe ADAS on the four criteria: safety,
congestion, environment, and user acceptance. @fgnethe scores are high, indicating
positive impacts on all criteria, and the most pesiimpacts are expected on safety.
Insurance companies seem to have much higher edtjpet about the impacts than the other
actor groups. Furthermore, the higher safety egpiects of the Speed Assistant by public
authorities, as compared to the automotive industoyrespond to the known positions of
these actors with respect to speed assistance. ddseptance of the Speed Assistant was
expected to be relatively low by all actor groulpst the standard deviation is also relatively
high, revealing substantial differences in expéatet

Table 6.8: Impacts of ADAS on criteria

o General PubI_i(; Automotive Insuranc_:e
Criterion ADAS Authorities Industry Companies

Impact | SD” | Impact| SD | Impact| SD | Impact| SD
Safety Speed Assistant 1.64] 1.15 | 2.00 | 0.92 1.44 | 1.24 | 1.86 | 1.07

Congestion Assistanit ~ 1.90| 0.84 1.85 | 0.75 1.87 | 0.89 | 229 | 0.76
Safe Driving Assist. 1.78 | 0.86 1.80 | 0.77 1.69 | 090 | 2.29 | 0.76
Congestion | Speed Assistant 0.93] 1.13 | 0.85 1.31 | 0.82 1.03 1.86 | 0.90
Congestion Assistant  1.44| 1.24 1.25 1.52 1.44 | 1.16 | 2.00 | 0.82
Safe Driving Assist. 1.04| 1.04 | 0.65 1.09 1.04 | 095 | 2.14 | 0.69
Environment| Speed Assistant 1.35| 1.06 1.25 | 0.79 1.31 1.18 1.86 | 0.90
Congestion Assistant  1.26| 1.09 1.00 1.03 1.31 1.10 1.71 | 1.11
Safe Driving Assist. 0.92| 1.03 | 0.80 | 0.83 | 0.80 1.04 | 2.00 | 1.00
Acceptance | Speed Assistant 0.47| 1.48 | 0.50 150 | 0.42 153 | 0.71 | 1.25
Congestion Assistant ~ 1.94| 0.89 1.75 1.07 198 | 0.81 | 2.29 | 0.76
Safe Driving Assist. 1.40| 1.13 1.40 1.35 1.40 1.05 1.43 | 1.13
*  Applied measurement scale: -3 (definitely niegeanot acceptable)/-2/-1/0/+1/+2/+3 (definitely
positive/acceptable)
** Standard deviation

With respect to the impacts of the deployment astion related criteria (user costs, actor

costs, investment risk, liability risk, and useceuatance), the expectations of the actors do not
point clearly in a certain direction. In most casbe average impact is expected to be fairly

neutral (around 0), but the standard deviationlse &igh, meaning that some of the actors

expect the impacts to be negative, while othergexinem to be positive. These impacts are
not addressed further here.

® Though it is advisable to use the same measuresnate throughout a questionnaire, two differeatescwere
used here (a 5 point and a 7 point scale). Sinedyibe of questions was very different this is expected to
have influenced the answers. The different scalese used to match the answering space for thetiqnes
concerned.
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The relative impacts of the ADAS and deploymentaast, as expected by the respondents,
deviates from current knowledge on the relative aotp, indicating a limited level of
knowledge about the impacts among the respondents.

6.4 Model estimation

The main part of the questionnaire included a dohjmeasurement task, in which different
scenarios were presented to the respondents, tingsed an ADAS, and the deployment
actions regarding that ADAS of the two other actiomolved, for which they were asked to
rate application of their deployment options (tigk), and indicate the probability that their
sector will actually apply these deployment optioBsised on the data collected by the
conjoint measurement, utility and probability madelan be estimated for each of the
deployment options of the decision-making actoreséh models show the influence of
different types of ADASA) and current actions of the other actdds ) on the overall utility

of the decision-makers to take a certain deploynastion regarding an ADAS, and the
probability the decision-maker’s actor group witit@ally take this deployment action. The
models that were defined earlier in this chaptee (section 6.1.1) are repeated here.

P(Dl,a =Y, |D, =X) =c+bx +b,x, + bz+¢& (6.1)

U(y,) =k+1x +1,x, +1,z+¢, (6.2)
In which:

D, a = stochastic variable representing deployment acifaactora at timet=1;
Do = stochastic variable representing deploymentaieat timet=0;

Ya = deployment action by actarat timet=1;

x = deployment scenario at tintre0;

X1, X = deployment action by other actors 1 and 2 at t#D;

z= ADAS;

¢ = constant of probability model,

by,b,,b3 = coefficients of probability model,

k = constant of utility model,

I1,12,13 = coefficients of utility model;

€1, &2 = €rror terms.

The values of the independent variables in thesdetsgx;, X, andz, are on an ordinal or
nominal scale. Consequently, their values cannodlitectly included in model estimation,
making some form of dummy coding necessary. In thse, effect coding was chosen as a
method to code the values of the independent Maggbee Table 6.9).

Table 6.9: Effect codes for attributes with threeévels

Attribute Ind_|cat0r Ind_|cat0r Part-worth
Level variable 1 | variable 2 Utility
(X1 (X2)

0 1 0 B,

1 0 1 B>

2 -1 -1 -B1-B2
Parameter B. B
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Each independent variable can take the value oétinbdute levels 0, 1 and 2. In Table 6.9
these values are coded as the values of two imdigatiablesX; andX,. The coefficientd;-

bs, are each coded as the paramegfgrand f,. This results in the following models to be
estimated:

P(D,, =Y,|D,=x)=c+ Z(ﬁi,lxi,l +B,Xi ) e (6.3)
i{12,3}
U(y,) =k+ Z(Ailxil+Ai2xi2)+g (6.4)
123y S
In which:

X11andX; pcorrespond with;
Xz 1andXz 2correspond withe;
X3z 1and Xz 2correspond witlz,
B11andpy »correspond withpy
f21andp, 2correspond withy;
Bs1andpscorrespond withg;
J11and/; 2correspond withy;
A21andA; > correspond withy;
Jz1andizcorrespond withg,

Model estimation involves the estimation of the stantsc andk, and the coefficients and

/. Since the dependent variable (probabilities/iggt is measured on a rating scale, the
models can be estimated by multiple linear regoass{Ordinary Least Squares method). As
a result of the use of effect coding, the estimatedstantsc and k represent the average
probability/utility of the deployment actiory,. The coefficientsf and 2 represent the
deviations of the average probability/utility agesult of the three attribute levels of each
independent variable. The sum of the coefficientsr all attribute levels for one variable
equals 0.

The resulting analysis design is presented in T&ll® for public authorities. The analysis
design is the same for all actors, except for traes of the attribute levels and variables.

Table 6.10: Analysis design (public authorities)

Profile” Attribute levels ADAS Industry’s : Insurance compa_nies’
deployment action deployment action

*k ~ | adasl adas2 ind1 ind2 insl ins2

ADAS (IND™INS ™| % " Xaz | X Xe Xo. Xo

2 0 0 0 1 0 1 0 1 0
3 1 1 0 0 1 0 1 1 0
4 2 2 0 -1 -1 -1 -1 1 0
6 0 1 2 1 0 0 1 -1 -1
7 1 2 2 0 1 -1 -1 -1 -1
9 2 0 2 -1 -1 1 0 -1 -1
10 0 2 1 1 0 -1 -1 0 1
11 1 0 1 0 1 1 0 0 1
12 2 1 1 -1 -1 0 1 0 1

*  Not all profile numbers are included in theadysis since 1, 5 and 8 were holdout tasks
** IND = industry’s deployment action
*** INS = insurance companies’ deployment action
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The models can be estimated from individual dasawell as from average data over all
respondents of an actor group. Here, the modele estimated from average data, since this
fits the current case better. First of all, we @mignly interested in the differences between the
deployment actions, and not in the individual difeces of respondents on one of the
options. Second, due to personal style, there ligh probability that the respondents’
answers systematically deviate from the overaltaye. This spread in the data influences the
performance of the models, but is relatively meglass. Finally, the respondents are usually
not individual decision makers with respect to makideployment actions. Thus they are
neither within the organization they are part oy within the corresponding actor group.
Consequently, it is expected that the general geeoxer the data give a more representative
view of the general prospects with respect to ADEployment than the individual data.

6.5 Results: utility and probability of ADAS deployment actions

6.5.1 How to read the models

Each of the tables presented in this section ireduthe utility or probability models of all
deployment actions of one actor. The respectiveatsoare represented in the columns of the
tables. The left side of the columns presents thefficients of the models, which are
explained in the first column, and the right sidetlee column presents the statistical
significance of the models. The first coefficiestthe constant, which represents the average
utility or probability of a certain deployment amti The remaining nine coefficients represent
the three attribute levels for each of the thraebaites. In case all attribute levels of an
attribute were not statistically significant acrab® models for an actor, they were not
included in the tables. The last value in the $&fe of the column is the explained variance
R2. The value of R2 should be interpreted as divelaneasure (i.e. a model with a higher R2
fits the data better), but not as an absolute nreasince its absolute value heavily depends
on the experimental design.

The coefficients indicate the deviations from trenstant and, therefore, the sum of the
coefficients of the attribute levels for one atitdd is equal to zero. Positive coefficients
positively influence the overall utility or probdiby, in scenarios that include the
corresponding attribute levels. Negative coeffitsemegatively influence the overall utility or
probability. The statistical significance of theriéute levels is presented in terms of the p-
value. Attribute levels with p< 0.1 are considered to be statistically significésge also
6.5.5.). The statistical significance is only prese for the first and second attribute level,
since these were included in the regression arsalykee third attribute level was calculated as
the complement of the other two.

6.5.2 Public authority models

In the public authority utility models, the condimcontribute most to overall utilities of their
deployment actions (see Table 6.11). However, #tees of 4.783 and 4.406, and the largest
utility that can be derived from the models (6.38Bdoing nothing), are quite low on the 10-
point scale used. If this apparently low utility 8&DAS deployment is disregarded, the
models show a relative preference of the resposdemtards doing nothing or tax reduction.
The overall utility is influenced most by the depieent actions of the automotive industry,
particularly when it offers an ADAS as standardipment on all new vehicles. The ADAS
types have only a minor effect on overall utiligznd only some of the values are statistically
significant. No statistically significant relatiowith the deployment actions of insurance
companies can be observed.
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Table 6.11: Public authorities’ overall utilities to take ADAS deployment actions

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Overall utilities coeff sig coeff sig coeff sig
Constant 4783 0.000 4.406 0.001f 2.850 0.000
ADAS

Speed Assistant -0.367 0.046/ 0.078 0.746] 0.383 0.025
Congestion Assistant 0.167 0.178| 0.261 0.338| -0.067 0.397
Safe Driving Assistant 0.200 -0.339 -0.317
Industry action

Do nothing -0.567 0.020] 0.644 0.091] 0.650 0.009
Option -0.400 0.039] 0.744 0.071f 0.350 0.030
Standard 0.967 -1.389 -1.000

Insurance action

Do nothing 0.000 1.000, 0.094 0.696] 0.150 0.138
Option -0.183 0.154f -0.039 0.870[ -0.150 0.138
Standard 0.183 -0.056 0.000
R Square 0.988 0.959 0.994

An overall interpretation of these results is ttie respondents from public authorities find
that the automotive industry should take the lesADAS deployment, but if this is not the
case, they are willing to stimulate ADAS deploymesrbbably being most interested in the
Speed Assistant.

Table 6.12: Public authorities’ overall probabilities in (%) to take ADAS deployment
actions

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate Other
Overall probabilities coeff  sig coeff sig coeff sig coeff sig
Constant 62.333 0.000f 20.000 0.004f 8.161 0.001f 9.506 0.016
ADAS

Speed Assistant -2.583 0.277 0.917 0.652[ 0.822 0.146] 0.844 0.671
Congestion Assistant -0.250 0.899( 0.750 0.709 0.339 0.440| -0.839 0.673
Safe Driving Assistant 2.833 -1.667 -1.161 -0.006
Industry action

Do nothing -4.750 0.113[ 3.417 0.189( 1.172 0.081] 0.161 0.934
Option -7.833 0.046] 5.833 0.079 0.339 0.440] 1.661 0.435
Standard 12.583 -9.250 -1.511 -1.822

Insurance action

Do nothing 0.000 1.000[ -0.333 0.866| -0.411 0.366/ 0.744 0.707
Option -1.583 0.460[ 1.083 0.598( -0.344 0.434] 0.844 0.671
Standard 1.583 -0.750 0.756 -1.589

R Square 0.966 0.938 0.947 0.561
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The public authority probability models (Table 6.5Row that the respondents’ expectations
with respect to what public authorities will do anere conservative. The average probability
of doing nothing is relatively high, and that of mdatory deployment very low. The
probabilities of doing nothing and tax reductioe arfluenced by industry offering ADAS as
optional or standard equipment, but not to an dxtiest the rank order of the deployment
actions changes. The ADAS and the deployment atadninsurance companies have no
statistically significant effect on the probabgsi The probability of other deployment actions
is comparable to that of mandatory equipment, batexplained variance is relatively low.
The low probability and explained variance are doethe relatively small amount of
respondents that used the possibility to choosghferoption (4 out of 20 on average).

An overall interpretation of these results is tthat respondents from public authorities are the
most likely to expect public authorities to do nothwith respect to ADAS deployment.

6.5.3 The automotive industry’s models

Table 6.13: The automotive industry’s overall utilties to take ADAS deployment actions

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Overall utilities coeff sig coeff sig coeff sig
Constant 1.926 0.002] 5.704 0.000] 5.442 0.001
ADAS

Speed Assistant 0.261 0.178] -0.251 0.278| -0.092 0.653
Congestion Assistant -0.149 0.364] 0.266 0.259] 0.148 0.490
Safe Driving Assistant -0.112 -0.014 -0.056
Authorities' action

Do nothing 1.214 0.011] 0.056 0.775 -1.872 0.009
Tax reduction -0.319 0.130[ 1.342 0.016] -0.049 0.807
Mandate -0.896 -1.398 1.921

Insurance action

Do nothing 0.588 0.044| -0.548 0.085/ -0.359 0.178
Option -0.226 0.219| 0.289 0.232] 0.201 0.372
Standard -0.362 0.259 0.158
R Square 0.984 0.980 0.988

In the automotive industry models, the constantstrdmute most to the overall utilities of
their deployment actions optional and standard pgant (see Table 6.13). The highest
values of utility that can be derived from the mlodee 7.601 for optional equipment, and
7.712 for standard equipment, which, together with higher constants, indicates that
respondents from the automotive industry deriveemdility from ADAS deployment than
public authorities. In most deployment scenariteytderive more utility from optional
equipment than to standard equipment. The ovetdltyuof the automotive industry’s
deployment actions is most influenced by the dapleyt actions of public authorities. This
influence is most prominent on the utility of standl equipment. Some minor influence of
insurance companies’ deployment actions can be redxde showing that if insurance
companies provide premium reductions, the ovetdityuof taking action for the automotive
industry increases. The effects of the ADAS areegally not statistically significant.
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An overall interpretation of these results is th@ automotive industry derives relatively
more utility from taking action than to doing natbi with respect to ADAS deployment.
Which action they eventually prefer, may dependnuihe@ action of the authorities.

Table 6.14: The automotive industry’s overall probailities in (%) to take ADAS
deployment actions

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Overall probabilities coeff  sig coeff sig coeff sig coeff sig
Constant 19.576 0.006| 43.543 0.001| 34.004 0.000f 2.877 0.002
ADAS

Speed Assistant 3.151 0.291] -2.600 0.263] -0.114 0.920[ -0.433 0.126
Congestion Assistant -1.096 0.670] 1.233 0.541] -0.264 0.817| 0.123 0.545
Safe Driving Assistant -2.056 1.367 0.379 0.310
Authorities' action

Do nothing 13.668 0.025| 5.010 0.097| -18.138 0.003| -0.543 0.086
Tax reduction -2.092 0.444{ 10.680 0.024( -8.044 0.015| -0.543 0.086
Mandate -11.576 -15.690 26.182 1.087
Insurance action

Do nothing 5561 0.129| -3.197 0.198| -1.748 0.224( -0.617 0.069
Option -2.872 0.324] 1.347 0.508( 0.996 0.426] 0.530 0.090
Standard -2.689 1.850 0.752 0.087

R Square 0.963 0.980 0.997 0.969

The automotive industry probability models (Tabl&4) generally show the same picture as
the utility models. The probability constants foDAS as optional and standard equipment
show more difference than the corresponding utidlibnstants. The overall probability is
influenced by public authorities only, and seemyngh a larger extent than utility is
influenced. Their influence is highest when applymandatory deployment. The probability
of other deployment actions is very low, which isedo the small amount of respondents who
used this option (5 out of 45, on average).

An overall interpretation of these results is tthegt probability that the automotive industry is
taking action is high, offering an ADAS as optiomauipment being preferred to standard
equipment. Authority actions can influence thes@pbilities.
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6.5.4 Insurance companies’ models

For insurance companies, the models also showradaigtribution of the constants to overall
utilities (see Table 6.15). Similar to the publigtizorities’ utilities, the overall utilities that
can be derived from the model are very low, witG12. as the highest value for optional
premium reduction. The utilities of the three opsoavailable are comparable, while
insurance companies seem to derive more utilitynftaking action. The utility of ‘doing
nothing’ is most influenced by the actions of palduthorities, indicating that they might be
stimulated to provide premium reductions if pubbathorities are taking action. The
influence of the ADAS type is generally not statislly significant, except for the Speed
Assistant, which increases the utility of doinghiog, and the Safe Driving Assistant, which
decreases it. No statistically significant relasamith industry’s deployment actions can be
observed.

Table 6.15: Insurance companies’ overall utilitieso take ADAS deployment actions

INSURANCE COMPANIES Do nothing Option Standard
Overall utilities coeff sig coeff sig coeff sig
Constant 3.016 0.000] 5.032 0.000] 4.447 0.001
ADAS

Speed Assistant 0.271 0.080] 0.064 0.629] -0.063 0.813
Congestion Assistant 0.174 0.167 -0.129 0.375[ -0.157 0.574
Safe Driving Assistant -0.446 0.064 0.220
Industry action

Do nothing 0.128 0.259| -0.272 0.139] -0.350 0.275
Option -0.016 0.867| 0.208 0.210] 0.080 0.766
Standard -0.112 0.064 0.270

Authorities' action

Do nothing 0.794 0.010[ -0.032 0.804] 0.223 0.443
Tax reduction -0.496 0.026] 0.208 0.210] 0.080 0.766
Mandate -0.299 -0.176 -0.303
R Square 0.985 0.850 0.720

An overall interpretation of these results is theturance companies prefer to take action,
while they are hardly influenced by the ADAS aneé tiheployment actions of other actors.
They may prefer to take action with respect toSaé Driving Assistant.

The insurance companies’ probability models shoat their probabilities are substantially
more conservative than their utilities (see Tablh Compared to the preference for action
shown by the utility models, the probability modst®ow a preference for doing nothing. The
probabilities of the different deployment actiongse anot influenced by the ADAS or
deployment actions of other actors.
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Table 6.16: Insurance companies’ overall probabilies in (%) to take ADAS deployment
actions

INSURANCE COMPANIES Do nothing Option Standard Other
Overall probabilities coeff  sig coeff sig coeff sig coeff sig
Constant 47.302 0.002[ 28.572 0.001f 16.668 0.011] 7.462 0.008
ADAS

Speed Assistant 0.078 0.982] 0.954 0599 0.476 0.868 -1.509 0.243
Congestion Assistant 2.461 0.508| -0.952 0.600] -2.381 0.446( 0.874 0.442
Safe Driving Assistant -2.539 -0.002 1.906 0.634
Industry action

Do nothing 4128 0.312| -0.476 0.787| -1.664 0.578[ -1.986 0.164
Option -1.826 0.613[ 0.714 0.689( -0.004 0.999] 1.111 0.351
Standard -2.302 -0.239 1.669 0.874

Authorities' action

Do nothing 2.934 0.441] -1.906 0.342] 0.952 0.743] -1.986 0.164
Tax reduction -2.776 0.462] 3,571 0.147 -1.428 0.629] 0.634 0.562
Mandate -0.159 -1.666 0.476 1.351
R Square 0.658 0.753 0.488 0.860

6.5.5 General observations

The overall utility values of the deployment acsoare relatively low, taking into account
that they were measured on a 10-point scale. Cangpéne data, the automotive industry
derives more utility from applying (certain) dephognt actions to ADAS than public
authorities and insurance companies.

From comparing the constants of the utilities ame probabilities, it is generally found that
the probabilities are more conservative with respedADAS deployment than the utilities.
However, for the automotive industry the differen@e small, while for public authorities
and insurance companies the difference is moretaiiel.

For all actors, and all deployment actions, thestamts represent the most important part of
overall utility and probability. The effects of tlagtributes are in all cases relatively small, and
their influence on preference for a certain depleginaction is limited, except for the
influence of public authorities and the automotiv@ustry on each others’ overall utility and
probability of deployment actions. The overall itjiland probability of insurance companies’
deployment actions is hardly influenced by the p#mors, and in turn they do not influence
the overall utility or probability of the other acs.

The models include a large number of terms withkery Yow statistical significance. For the
simulations to be used in the explorations with mhedel of actors’ interactions in ADAS
deployment (see Chapter 9), it is more appropt@iaclude only the statistically significant
terms. Consequently, the models were re-estimaigdding those terms with a significance
level of 0.05. If terms with a significance levedl @10 led to a substantial increase of the
explained variance R?, and better forecasts ofittte collected for the holdout profiles (better
with respect to proximity to the data as well ashwespect to correct order of preference),
these terms were also included in the model. Inrekissed models, the statistical significance
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levels of these factors often reach the 0.05 leVekse revised models are included in
Appendix A. In some of the models, coefficients aspresented with the statistical
significance value left blank, these coefficientssér a zero value, and were not included in
the estimation of the revised models. For some tspdene of the coefficients is statistically
significant, except (on most occurrences) the @nistn these cases, no R2 can be calculated,
which is therefore left blank.

6.6 Discussion

Respondents: general

It could be argued that the sample is biased, siasearchers were relatively over
represented. In a case like this, it is nearly isgilde to draw a random sample, since
respondents with a certain knowledge about theestilgre required, and there is no ‘actor
phonebook’ available. Finding respondents then dgefor instance, on the network of the
researcher, and the availability of contact infaiiora of congress participants. All possible
respondents were invited, since the populatioreliatively small. This is not an uncommon
procedure when performing this type of researchhas is hardly an alternative way to do it.
The fact that the questions to assess probabilitiesived the assessment of ‘'someone else
taking action’ (i.e. the sector the respondent wddt) does help to overcome the problem of
representation. The results of this part of theestigation showed a slightly more
conservative attitude with respect to taking deplegit actions, but the same patterns as in
the utility models were recognized. These findingsmbined with the fact that the results
from the utility models generally correspond to wmoopinions, increase confidence in the
results.

Respondents: insurance companies

The number of respondents from insurance compamgs quite low, which requires an
explanation. First of all, people from insurancenpanies were often not represented in the
relevant networks of people involved in ADAS reséaand deployment. To overcome this
problem, the few contacts that were available vesteed to disseminate the questionnaire in
their own network or company. However, this has ledt to many responses, which was
found to be primarily caused by company’s concatsut their message to the outside world
when participating in the questionnaire (althoughdid guarantee their anonymity), and the
experienced difficulty of the questionnaire, whialas more often reported by insurance
company respondents than other respondents.

Respondents: public authorities

With respect to the background of the respondaots foublic authorities, it may be argued
that there could be a large influence from respotsddrom countries other than the
Netherlands, and respondents from the EU. To chieiskinfluence, separate models were
estimated for respondents from national and loagthaities in the Netherlands, and
respondents from the EU. This analysis showedtii@gaEU can be a little more influenced by
the actions of other actors than the Dutch autiesritbut the patterns of utilities and
probabilities of both groups were comparable todterall average. Only the probability of
“other” deployment actions was substantially higferDutch authorities (around 12%), than
for the EU (around 0%). This may indicate that ¢gineen deployment actions match the EU
decision framework better than the Dutch. Otheromst mentioned by the Dutch respondents
were, for instance, a lower tax reduction, otheysvaf stimulation, public authorities as a
first user, retrofitting, or European regulatioRsr further steps in the analysis, it was decided
to use the average model of public authorities setiafactory representation of opinions from
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different backgrounds. However, it should be kepmind that in the case of ADAS, it is not
yet completely clear whether national authoritiestree EU should be the most important
deployment agency.

Difficulty of the questionnaire

The questionnaire was reported as being difficylthe test respondents, and also by several
of the respondents. This may have influenced théainoutcomes. The deployment scenarios
may have been difficult to interpret for the respemnts, which made them focus more on their
own deployment actions, causing a relatively lofluence of the decision scenarios. It can

be argued that if deployment scenarios are thigptioated in reality, the respondent reaction

will correspond to reality as well. However, it calso be argued that in reality there is more
time to consider deployment scenarios before degijdit least in theory.

Validity of the results for making forecasts

In subsequent analyses, the probability modelsised to make forecasts of actor deployment
actions. While forecasts always carry a certainamof uncertainty, this uncertainty can be
increased when models based on stated prefereteaaused, since respondents in stated
preference surveys have been reported to overdstimypothetical alternatives (e.g. Murphy
et al., 2005). What might reduce the bias is that data used are based on respondent
evaluations of what their sector would do. The fhett the probability models were more
conservative than the utility models supports #sisumption.

6.7 Conclusions and relevance for ADAS deployment
6.7.1 Conclusions regarding the actor models

Utility of deployment actions is relatively low

The actors seem to derive relatively low utilitié®®m their deployment actions. A
straightforward explanation for this would be thia¢ deployment actions they derive most
utility from were not included in the survey. Hovegyif that were to be the case, it would
have been expected that the probability of thee€btdeployment actions would be much
higher than the results show. Another explanatiowld be the presence of widely different
strategies among the respondents, and that theseaveraged out in the models, causing
relatively low overall utilities. This is furthexplored in Chapter 7.

Probabilities are more conservative than utility

It was found that the probabilities for public amtiies and insurance companies were
substantially more conservative than their utsitismn the sense that they are less likely to take
action than would be expected, based on the utilty derive from their deployment actions
individually. For the automotive industry, thesdfetiences were considerably smaller, and
may have been due to the different type of measemescale.

These results could be interpreted as an ‘intedlebtg awaiting’ attitude among public
authorities and insurance companies. Moreover atitemotive industry seems to be more
likely to actually pursue the actions from whicheyhderive most utility. As such, the
automotive industry can be seen as the most impicaiztor, and in order to know something
about the possible future of ADAS, one should stundlyistry deployment actions. However,
it has to be taken into account that the resposdetthe automotive industry were
predominantly research employees.
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Model constants account for most of the utility andbability

For all models the constants were relatively hgjflgwing a focus of the respondents on their
own deployment action, while the effects of theldgment scenarios are relatively low. With
respect to the ADAS, an explanation of the smédlat$ could be that the expected impacts of
the ADAS on safety, congestion, environment, anel @sceptance are all positive, and do
not diverge enough to make a clear distinction @se Table 6.8). With respect to the
deployment actions of the other actors, it may hbgen difficult for the respondents to
interpret the influence of what others do on hoeytehould act, but otherwise it can also just
be concluded that the influence is rather small.

Many attributes have a low statistical significan&®AS

In the set-up of the investigation, it was assurimed public authorities would probably take
the lead in deployment of the Speed Assistantatiiemotive industry in deployment of the
Congestion Assistant, and insurance companies endiéployment of the Safe Driving

Assistant. However, the results show that in masnarios the ADAS attributes are not
statistically significant. In addition, if they amgatistically significant, their effects on the
overall utility or probability are relatively smaland would rarely make a difference in the
preference for a deployment action.

Despite these results, patterns could be observexdsaathe models that do match with the
expectations. The pattern across public authoriiglty models shows that doing nothing is
preferred for the Safe Driving Assistant, tax reduc for the Congestion Assistant, and
mandatory deployment for the Speed Assistant. Rerautomotive industry’s utilities, the
pattern includes the finding that doing nothingmseeto be most preferred for the Speed
Assistant, and optional and standard equipmentthder Congestion Assistant. Insurance
companies’ utilities show a pattern in which domgthing is most preferred for the Speed
Assistant, an optional premium reduction for thee@p Assistant and the Safe Driving
Assistant, and a standard premium reduction forSafe Driving Assistant. These patterns
were not statistically significant, and no conotus can thus be drawn upon these results. But
it is an interesting observation, which might beHer explored.

Many attributes have a low statistical significano¢her actors’ deployment actions

The expectations regarding the influence of otlatora’ deployment actions would be that
public authorities are less expected to take adfiamdustry and insurance companies take
action, and industry is more expected to take adfiother actors take action. There were no
clear expectations on how insurance companies waadt on other actors’ actions. While
generally the effects are in the expected directiew of them are actually statistically

significant.

In many cases, the influence of public authoritied the automotive industry on each others’
deployment actions is statistically significant.wtver, the influence of insurance companies
on the utility or probability of other actors’ degiment actions is generally not statistically
significant, as is the influence of the deploymantions of these actors on the utility, or
probability, of insurance companies’ deploymentaand.

6.7.2 Relevance of the results for ADAS deployment

Structure of the model of actors’ interactions IDAS deployment
Based on the models resulting from this surveyethe evidence that the relations between
public authorities and the automotive industryaasumed, do exist. However, it was found
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that there is not enough evidence to confirm thaticsship between the deployment actions
of insurance companies and the other two actogur€i6.3 shows an update of the model of
actors’ interactions in ADAS deployment, based be tesults of the actor survey. In this

update the arrows between insurance companies @atodnative industry, and insurance

companies and public authorities, were removed.

Public Insurance
Authorities Companies

*

l '

Automotive |
Industry

User

1

ADAS MARKET

A 4

ADAS Deployment rate

Figure 6.3: Model of actors’ interactions in ADAS dployment: update after actor
survey

Expectations regarding ADAS deployment

In summary, what do the results of this investmatteach us about the future of ADAS
deployment? The most important conclusion is thet &automotive industry and public
authorities are the main actors, and that theyraily influencing each others’ utilities and
probabilities to take action. However, the probapibf public authorities to take action is
expected to be low, and relatively insensitive toatvthe automotive industry is doing. The
automotive industry can be expected to take adirety which specific action depends on the
action of public authorities. Insurance companies ralatively insensitive to the actions of
other actors, and the other actors are insengitieeir actions. The probability that they will
take action is fairly low.

It must be said that all of these conclusions vekesvn based upon the average utilities and
probabilities over all respondents for the thre®rgroups. However, it was found that

subgroups of respondents with different strategggmrding ADAS deployment are present
within these groups. These subgroups have beetifiddrby means of a cluster analysis, and
are described in Chapter 7. In this chapter, thesegquences of the existence of these
subgroups for the conclusions on the overall idditand probabilities are also to be

discussed.
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7 Subgroups of respondents with different
strategies regarding ADAS deployment

Is it feasible to identify different strategies aftors based on the actor survey data? In
addition, what types of strategies then can bengisished? Based upon the data collected by
the actor survey, a cluster analysis was perfortoedientify possibly diverging strategies
among the respondents. For each group of act@sppublic authorities, the automotive
industry, and insurance companies, clearly differgnategies could be identified, with a
substantial influence on deployment scenarios. Sohagacteristics of strategy subgroups
give surprising potential clues about the existesfadifferent strategies.

105
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7.1 Introduction

It is presumed that different strategies are prtesgrong the respondents, which are averaged
out in the overall utilities and probabilities (S8bapter 6). This presumption is based on the
relatively low values for the overall utilities. &loverall actor models may as such be hiding
interesting details about ADAS deployment. An asmlyof the results by grouping the
respondents by country, organization, role, or famiy with the systems, could not identify
clearly different strategies. Nevertheless, basedaovisual inspection of the data, it was
considered to be likely that different strategiéd elxist among the respondents. The data
were therefore analyzed to reveal the existenceubf@roups of respondents with similar
strategies regarding ADAS deployment, using a eluahalysis. Cluster analysis aims to
group cases based on the distances between tlhendesiis’ answers, to those questions that
are expected to characterize their main differences

A cluster analysis was performed separately foheddhe actor groups, and for utility and
probability data. The latter analysis was conductgidce the utilities and probabilities
previously were found not to be related clearlglincases. For each of the relevant subgroups
identified, a separate model was estimated.

The main steps to be taken in the preparationcbdster analysis are (e.g. Hair et al., 2006):
1. Decide by which data the cases should be clustered;

2. Select heterogeneity measure to be applied;

3. Select standardization measure to be applied;

4. Select cluster algorithm to be applied.

After the analysis was performed, the followingpstevere taken:
5. Select a number of potential clusterings;
6. Choose one clustering for further analysis.

Below, each step is specified, and the choices rfadbe present analysis are explained.

7.2 Cluster analysis set-up

1. Decide by which data the cases should be clustered

The objective of the cluster analysis is to idgnsifibgroups of respondents within each of the
three actor groups that have similar utilities,poobabilities for deployment actions. This

means that the respondents whose answers to tedajqumaire were most similar were to be

clustered. The data included in the cluster anslgee the reported utility ratings (scale 0-10)
for all three deployment options, in all nine sa&rs measured (i.e. 27 variables), and the
reported probabilities (scale 0%-100%) for all f@@ployment options in all nine scenarios
(i.e. 36 variables).

2. Select heterogeneity measure to be applied

Euclidian distance measures were selected for dggaeity measurement, since this is an
objectively understandable measure, which can besthpplied to the available interval scale
data. Euclidian distance measurement calculateshibest distance between two points in a
multidimensional space (the number of dimensionslageermined by the number of data
included for each case), which in a two- and thtieeensional space can be visualized as a
straight line.
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3. Select standardization measure to be applied

The size of the utility and probability ratings dag due to personal style. Since the main aim
is to cluster by the order of preference resulfnogn the ratings, these style effects should not
affect the outcomes of the cluster analysis. Thes wtility and probability data were
standardizedwithin the case, so the cases become comparable. Z-sacgesised to
standardize the ratings. The probability data &emdy standardized, since the sum for each
of the profiles had to equal 100%.

4. Select cluster algorithm to be applied

The clustering algorithm applied is Average Linkaghich was selected for its transparency.
Since the data are simple, positive, interval datere complex and less transparent
algorithms could be avoided. Two types of Averageage clustering were applied, between
groups and within groups, the algorithms are byidéscribed here.

Average linkage between clusters

The algorithm calculates for each possible parlo$ters the Euclidian distances between all
members of one cluster, and all members of ther alluster. The pair of clusters for which
the average of the Euclidian distances is smallsesthierged in that stage of the clustering
process. This procedure is repeated until oneesicigkter remains.

Average linkage within clusters

The algorithm calculates for each possible parlo$ters the Euclidian distances between all
members of the potential merger of a pair of chsstdhe main difference with average
linkages between clusters is that the distancewdsgt the members within the existing
clusters are also included. The pair of clustens vinich the average of the Euclidian
distances is smallest, is actually merged in ttegesof the clustering process. This procedure
is repeated until one single cluster remains.

The results of the clusterings using both algorghwill be further analyzed.

5. Select a number of potential clusters

The amount of cases included in the cluster araligsirelatively small, and since we are
looking for the main differences in opinion withime actor groups, some limitation is applied
to the number of clusters to be included in furtealysis. After a preliminary exploration, it
was found that the main differences could be captun a maximum of two clusters for
insurance companies, and five for public authaiged the automotive industry. Since the
collected data are suitable to estimate individoatlels, there are no limitations with respect
to minimum cluster size. However, very small clustgan also indicate outliers.

After each combination of clusters, the clusterdysia produces an agglomeration coefficient.
This agglomeration coefficient shows the heteroggne the clusters. It is calculated as the
average of the distances between all members aistec within all clusters. For example,
consider two clusters of more than one member,conegisting of A, B, and C, and the other
of E and F. The agglomeration coefficient in thisiaion is the average of the Euclidian
distances A-B, A-C, B-C and E-F. It generally irages with the number of cases included in
clusters. When the increase in the coefficientelatively high, as opposed to the previous
stages, this indicates a large increase in hetesitye and therefore a combination of clusters
that have a relatively low similarity. A relativelgrge increase in the coefficient can therefore
be used as a stopping rule.
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6. Choose one clustering for further analysis

The final decision about which of the potentialstirings (e.g. which algorithm? how many
clusters?) are further analyzed, based on two mrdieria, the statistical significance of the
differences between the potential clusters, andoréormance of the models of the cluster
averages.

The statistical significance of the differenceswesn the cluster averages of the potential
clusters was determined, using non-parametric ,testse the samples are small and not
normally distributed. A first selection of clustensas carried out, based on the number of
statistically significant differences at the 0.@vdl, while these should be spread as much as
possible across all pairs of clusters compareds Waly of working introduces a bias towards
more and larger clusters, but helps to select thlusters that are most different.

Preliminary models were estimated for the remairthugters, based on the cluster averages
of the utilities and probabilities. The performarafehese models was analyzed by means of
simulation of the outcomes of the holdout scenarosnodel is assumed to perform well if
these simulations are reasonably close to thefdatae holdout scenarios, and if the order of
preference among the deployment actions is maedaifRegarding the latter, it is most
important that the most preferred deployment acti®rthe same. Some small clusters
performed relatively poorly on these simulationat iwere not immediately considered as
outliers. Most of these small clusters represeataiimilar strategy as larger clusters, which
led to the decision to include a smaller numberclokters that performed better on the
models, with no loss of information regarding diéfet strategies.

7.3 Results: subgroups of respondents and their charaetistics

Table 7.1 presents the resulting number of subgrofigimilar utility and probability patterns
for each of the actor groups, including the aldniton which the subgroups were based. For
public authorities’ probabilities, potential subgps were not substantially different, and a
single cluster (overall average) remains.

Table 7.1: Results of the cluster analysis

Actor Utilities Probabilities
N° of subgroups Algorithm Nof subgroups Algorithm
Public authorities 2 A".e“?‘ge linkage 1 -
within clusters

Automotive Average linkage Average linkage

) 5 o 3 o

industry within clusters within clusters
Insurance Average linkage Average linkage

: 2 9 9 2 between/within

companies between clusters clusters

For each of these subgroups, the models have lstiemated based on the subgroup means
(see Table 7.2 to 7.15). Figures 7.1 to 7.5 predenmain characteristics of the differences
between the subgroups. These characteristics aravdrage utility or probability (the model
constant), and the deviation from the average dubd influence of other actors. Similar to
the overall models, the effects of the ADAS do platy an important role, and are therefore
not included in these Figures.
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7.3.1 Public authorities’ utility subgroup models

Utility rating of public authorities’ i 1 9 3% 4 5 § T § ® 10
deployment actions by subgroup I S S B B B B B
Do nothing <>
Public authorities subgroup I
Tax reduction <>
“Passive Deployers”
Mandate < o>
Do nothing <o
Public authorities subgroup 2:
Tax reduction <>
“Deployment Champions”
Mandate <
Legend: ® Average utility (model constant)
PR Influence of other actors

Figure 7.1: Utility rating of public authorities’ d eployment actions by subgroup

Public authorities’ utility subgroup 1 (n=11, Tabfe2)

The respondents in this subgroup generally deriwstmtility from doing nothing, and this
does not change due to other actor’'s actions ¢erdiit ADAS. An overall interpretation of
these results is that the respondents in this sulpgrepresent the strategy that authorities
should not be actively involved in ADAS deploymentjile taking action is more preferred if
other actors do nothing. This subgroup is lab®&asdsive Deployers

Table 7.2: Public authorities’ utilities to take ADAS deployment actions — Passive
Deployers

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 5.463 0.000] 3.426 0.004| 1.414 0.002
ADAS

Speed Assistant -0.193 0.035 0.151 0.679] 0.406 0.036
Congestion Assistant 0.293 0.016f 0.121 0.738| -0.111 0.296
Safe Driving Assistant -0.100 -0.272 -0.294
Industry action

Do nothing -0.253 0.021] 0.454 0.286| 0.372 0.043
Option -0.280 0.017] 0.728 0.147] 0.132 0.237
Standard 0.533 -1.182 -0.504

Insurance action

Do nothing 0.293 0.016] 0.211 0.572] 0.316 0.058
Option -0.403 0.008] 0.091 0.800] -0.114 0.286
Standard 0.110 -0.302 -0.201

R Square 0.995 0.889 0.978
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Public authorities’ utility subgroup 2 (n=9, Tablke3)

The respondents in this subgroup derive more wtiidbm taking action than from doing
nothing, and this utility increases if industrydising nothing or deploying ADAS as an option
on new vehicles. If industry deploys ADAS as a d&ad on all new vehicles, most utility is
derived from doing nothing. Consequently, the reslemts in this subgroup represent the
strategy that authorities should actively stimuldéployment, if ADAS are not offered as a
standard on all new vehicles by industry. This sabg is labeledeployment Champions

Table 7.3: Public authorities’ utilities to take ADAS deployment actions — Deployment
Champions

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 3.950 0.001] 5.606 0.001 4.606 0.000
ADAS

Speed Assistant -0.580 0.113] -0.012 0.969] 0.358 0.016
Congestion Assistant 0.010 0.967 0.431 0.259| -0.016 0.766
Safe Driving Assistant 0.570 -0.419 -0.342
Industry action

Do nothing -0.950 0.047] 0.878 0.086| 0.988 0.002
Option -0.543 0.126/ 0.764 0.110[ 0.618 0.005
Standard 1.493 -1.642 -1.606

Insurance action

Do nothing -0.357 0.237| -0.049 0.876/ -0.049 0.397
Option 0.087 0.725( -0.199 0.546[ -0.199 0.049
Standard 0.270 0.248 0.248
R Square 0.969 0.952 0.999

7.3.2 The automotive industry’s utility subgroup models

The automotive industry’s utility subgroup 1 (n=2@pble 7.4)

The respondents in this subgroup derive most wtitiom taking action, with optional
deployment being preferred to standard deploymertept when authorities mandate
deployment of ADAS. The utility of doing nothingdreases when authorities and insurance
companies are doing nothing, but is never highan that of taking action.

An overall interpretation of these results is tti respondents in this subgroup prefer to take
action to deploy ADAS, and which action they prefetake depends on what authorities do.
This subgroup is labelefictive Deployers

The automotive industry’s utility subgroup 2 (n3®ble 7.5)

The respondents in this subgroup are generallytivelg indifferent to the deployment
actions, deriving slightly more utility from doingothing than to the other options. The
actions taken by authorities have large impactshenutilities, most utility is derived from
doing nothing when authorities are doing nothimgypptional deployment when authorities
apply tax reductions, and to standard deploymemirvduthorities mandate deployment.
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An overall interpretation of these results is ttet respondents in this subgroup are generally
indifferent; their preference depends on what actiothorities are taking. Authorities should
take action first. This subgroup is labeRéstrained Deployers

Table 7.4: The automotive industry’s utilities to ake ADAS deployment actions — Active
Deployers

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 1.656 0.001] 6.711 0.001] 6.128 0.000
ADAS

Speed Assistant 0.078 0.333] -0.161 0.588 -0.111 0.181
Congestion Assistant -0.056 0.461] 0.406 0.249] 0.072 0.320
Safe Driving Assistant -0.022 -0.244 0.039
Authorities' action

Do nothing 0.861 0.005| -0.594 0.142[ -1.728 0.001
Tax reduction -0.356 0.029 0.872 0.074] 0.306 0.031
Mandate -0.506 -0.278 1.422
Insurance action

Do nothing 0.528 0.013] -0.944 0.064[ -0.378 0.021
Option -0.056 0.461f 0.472 0.202] 0.139 0.127
Standard -0.472 0.472 0.239

R Square 0.993 0.936 0.998

Table 7.5: The automotive industry’s utilities to ke ADAS deployment actions —
Restrained Deployers

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 4.222 0.002 3.222 0.006[ 3.978 0.004
ADAS

Speed Assistant 0.444 0.226| -0.556 0.257| 0.156 0.715
Congestion Assistant 0.044 0.879 0.378 0.398| 0.356 0.439
Safe Driving Assistant -0.489 0.178 -0.511
Authorities' action

Do nothing 3.111 0.007] 0.511 0.286| -3.044 0.014
Tax reduction 0.111 0.708] 1.711 0.040f -2.311 0.025
Mandate -3.222 -2.222 5.356
Insurance action

Do nothing 0.378 0.280| -0.156 0.703| 0.022 0.958
Option -0.089 0.763| 0.111 0.783] 0.156 0.715
Standard -0.289 0.044 -0.178

R Square 0.991 0.958 0.991
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Figure 7.2: Utility rating of the automotive industry’s deployment actions by subgroup

The automotive industry’s utility subgroup 3 (n=I&ble 7.6)

This subgroup is comparable to subgroup I, bueffects of the actions of authorities on the
utilities are much higher. There is more differenceitility between optional and mandatory
equipment, depending on the action taken by thieoaities.

An overall interpretation of these results is ttte&# respondents in this subgroup generally
prefer to take action to deploy ADAS, but the tyilthey derive from their deployment
actions depends to a large extent on the deployraetibns of public authorities. This
subgroup is labeleddaptive Deployers
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Table 7.6: The automotive industry’s utilities to ke ADAS deployment actions —

Adaptive Deployers

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 3 coeff  sig coeff sig coeff sig
Constant 1.933 0.007] 5.311 0.002] 4.256 0.004
ADAS

Speed Assistant 0.333 0.293| -0.111 0.741f 0.411 0.394
Congestion Assistant -0.400 0.232| -0.078 0.816/ 0.044 0.918
Safe Driving Assistant 0.067 0.189 -0.456
Authorities' action

Do nothing 1.767 0.017] 1.022 0.073] -2.956 0.016
Tax reduction -0.900 0.062] 2.822 0.011] 0.144 0.741
Mandate -0.867 -3.844 2.811
Insurance action

Do nothing 1.133 0.041] -0.411 0.296| -0.489 0.328
Option -0.633 0.115( 0.289 0.429] 0.278 0.542
Standard -0.500 0.122 0.211

R Square 0.976 0.989 0.976

Table 7.7: The automotive industry’s utilities to ke ADAS deployment actions —

Option-prone Deployers

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 4 coeff  sig coeff sig coeff sig
Constant 0.167 0.423] 7.056 0.002] 0.000* -
ADAS

Speed Assistant 0.333 0.293] -0.389 0.468 - -
Congestion Assistant -0.167 0.553] 0.778 0.217 - -
Safe Driving Assistant -0.167 -0.389 -
Authorities' action

Do nothing -0.167 0.553] -0.556 0.332 - -
Tax reduction 0.333 0.293] -0.222 0.662 - -
Mandate -0.167 0.778 -
Insurance action

Do nothing -0.167 0.553] -0.222 0.662 - -
Option -0.167 0.553] -0.556 0.332 - -
Standard 0.333 0.778 -

R Square 0.750 0.83% - -

* = The preferences measured were all equal to, reranodel could be estimated
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The automotive industry’s utility subgroup 4 (nF3ble 7.7)

The respondents in this subgroup generally deriestmtility from offering ADAS as an
option. This is not further influenced by any antiof other actors. This subgroup is labeled
Option-prone Deployers

The automotive industry’s utility subgroup 5 (nF&ble 7.8)

The respondents in this subgroup derive most wtflibm taking action and to standard
deployment in particular. Their utilities are indluced by the actions of authorities, but this
does not change the order of preference. This supgs labeledtandard-prone Deployers

Table 7.8: The automotive industry’s utilities to ke ADAS deployment actions —
Standard-prone Deployers

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 5 coeff  sig coeff sig coeff sig
Constant 1.601 0.005] 4.891 0.000 7.488 0.000
ADAS

Speed Assistant 0.486 0.101| -0.431 0.079 -0.861 0.048
Congestion Assistant -0.181 0.392] 0.156 0.352] 0.389 0.186
Safe Driving Assistant -0.304 0.276 0.472
Authorities' action

Do nothing 0.569 0.077] 0.362 0.107] -0.611 0.090
Tax reduction 0.069 0.721] 0.819 0.024| 0.222 0.375
Mandate -0.638 -1.181 0.389

Insurance action

Do nothing 0.359 0.165| -0.054 0.715/ -0.488 0.131
Option -0.221 0.317| 0.152 0.360] 0.346 0.221
Standard -0.138 -0.098 0.142
R Square 0.939 0.980 0.947

7.3.3 The automotive industry’s probability subgroup modds

The automotive industry’s probability subgroup £ZB, Table 7.9)

The respondents in this subgroup consider it tanbst likely that the automotive industry

takes action, optional deployment being most prtebalb authorities mandate deployment,

they expect industry to be almost indifferent besweptional and standard deployment. This
subgroup is interpreted as seeing the automotihesiny as a\ctive Deployer

The automotive industry’s probability subgroup 210, Table 7.10)

The respondents in this subgroup consider it tmbst probable that the automotive industry
does nothing, especially when authorities are dainthing. They expect industry to be

almost indifferent between doing nothing and omioaquipment if authorities apply tax

reduction. Only if authorities mandate deployméakjng action (standard deployment on all
vehicles) is more probable than doing nothing. Téudbgroup is interpreted as seeing
automotive industry asReluctant Deployer
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The automotive industry’s probability subgroup 310, Table 7.11)

The respondents in this subgroup expect it to bstpmbable that the automotive industry
takes action, standard deployment being most pteb#bauthorities are doing nothing or
apply a tax reduction, optional deployment and damothing becomes most probable. If
public authorities mandate, there is no discussiba: automotive industry is expected to
apply standard deployment. This subgroup is ingtgar as seeing the automotive industry as
anAdaptive Deployer

Probability of automotive industry’s o w % o o s w0
deployment actions by subgroup [T T T L
Do nothing <oO—>
Automotive industry subgroup ]':Option PN
“Active Deployer”
Ploy Standard < o>
Other ®
Do nothing < PY S
Automotive industry subgroup 2:Option
<>
Reluctant Deployer Standard < o S
Other I
Do nothing| <« —@——
Automotive industry subgroup 3 :Opt|on < ® >
“Adaptive Deployer” Standard < ° N
Other (]
Legend: ® Average probability (model constant)
<> Influence of other actors

Figure 7.3: Probability of the automotive industry’s deployment actions by subgroup
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Table 7.9: The automotive industry’s probabilitiesin (%) to take ADAS deployment

actions — Active Deployer

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Probabilities Cluster 1 coeff  sig coeff sig coeff sig coeff sig
Constant 11.356 0.012| 52.422 0.001] 32.756 0.001f 3.467 0.002
ADAS

Speed Assistant 4244 0.144| -2.956 0.287| -1.222 0.394 -0.067 0.766
Congestion Assistant -1.622 0.465( 1.378 0.572 0.311 0.810| -0.067 0.766
Safe Driving Assistant -2.622 1.578 0.911 0.133
Authorities' action

Do nothing 8.378 0.044| 3.711 0.213| -12.289 0.008] 0.200 0.415
Tax reduction -3.556 0.189( 6.578 0.086( -2.889 0.126] -0.133 0.567
Mandate -4.822 -10.289 15.178 -0.067
Insurance action

Do nothing 6.311 0.073] -2.822 0.304| -2.356 0.173| -1.133 0.029
Option -3.689 0.178] 1.378 0.572 1.511 0.314] 0.800 0.055
Standard -2.622 1.444 0.844 0.333

R Square 0.952 0.937 0.990 0.948

Table 7.10: The automotive industry’s probabilitiesin (%) to take ADAS deployment

actions — Reluctant Deployer

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Probabilities Cluster 2 coeff  sig coeff sig coeff sig coeff sig
Constant 44,089 0.004( 29.500 0.004( 22.800 0.001] 3.611 0.002
ADAS

Speed Assistant 2511 0.570f -1.933 0.520] 0.533 0.691] -1.111 0.033
Congestion Assistant -2.422 0.582[ 2.500 0.422| -0.467 0.726] 0.389 0.202
Safe Driving Assistant -0.089 -0.567 -0.067 0.722
Authorities' action

Do nothing 24511 0.022| -4.333 0.225[ -16.900 0.005( -3.278 0.004
Tax reduction 0.578 0.891] 13.833 0.031| -11.967 0.009| -2.444 0.007
Mandate -25.089 -9.500 28.867 5.722
Insurance action

Do nothing 5.844 0.257| -4.600 0.207| -1.967 0.232| 0.722 0.074
Option -3.922 0.403( 2.167 0.477f 2.700 0.145] -0.944 0.045
Standard -1.922 2.433 -0.733 0.222

R Square 0.969 0.948 0.997 0.998
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Table 7.11: The automotive industry’s probabilitiesin (%) to take ADAS deployment
actions — Adaptive Deployer

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Probabilities Cluster 3 coeff  sig coeff sig coeff sig coeff sig
Constant 15.611 0.012] 35.389 0.001] 48.333 0.000] 0.667 0.184
ADAS

Speed Assistant 1.056 0.704| -2.389 0.267] 2.000 0.267| -0.667 0.293
Congestion Assistant 1.556 0.584| -0.389 0.827] -1.500 0.371] 0.333 0.553
Safe Driving Assistant -2.611 2.778 -0.500 0.333
Authorities' action

Do nothing 16.056 0.022| 17.611 0.008| -34.000 0.001f 0.333 0.553
Tax reduction -1.111 0.689( 17.778 0.008 -17.000 0.006] 0.333 0.553
Mandate -14.944 -35.389 51.000 -0.667

Insurance action

Do nothing 3.389 0.294| -2.722 0.224] 0.000 1.000[ -0.667 0.293
Option 0.222 0.935 0.444 0.803] -2.000 0.267| 1.333 0.106
Standard -3.611 2.278 2.000 -0.667

R Square 0.968 0.996 0.999 0.857
Remarks

Subgroups corresponding with option-prone and stahkdrone deployers are not identified

here. This reveals that, while a substantial nundierespondents (10) did support such a
strategy, they do not expect deployment to occwsuich a way. Furthermore, an interesting
observation is that for industry as an Active dkeductant Deployer, the probability that they
offer ADAS as standard equipment when public autiesr mandate the ADAS is high, but

well short of 100%. This could mean that they mapeet the automotive industry to be

successful in preventing such an action by puhlibearities.

7.3.4 Insurance companies’ utility subgroup models

Insurance companies’ utility subgroup 1 (n=5, Tabl&2)

The respondents in this subgroup generally derigstmatility from taking action, as opposed
to doing nothing. A little more utility is derivefitom optional premium reduction than to
standard premium reduction. They are hardly infb@ehby the actions of other actors. This
subgroup is labeledctive Deployers

Insurance companies’ utility subgroup 2 (n=2, Tabl&3)

The respondents in this subgroup generally dermede utility from doing nothing than to
taking action. They are influenced by the actioh®ther actors, but this influence is not
statistically significant. This subgroup is labeMdn-deployers
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Figure 7.4: Utility rating of insurance companies’deployment actions by subgroup

Table 7.12: Insurance companies’ utilities to takeADAS deployment actions — Active
Deployers

INSURANCE COMPANIES Do nothing Option Standard
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 1.733 0.025] 6.067 0.001] 5.511 0.001
ADAS

Speed Assistant 0.533 0.307 -0.133 0.689| -0.244 0.501
Congestion Assistant 0.133 0.766] 0.067 0.838| 0.022 0.948
Safe Driving Assistant -0.667 0.067 0.222
Industry action

Do nothing 0.400 0.415] -0.467 0.247| -0.578 0.194
Option 0.067 0.881] 0.200 0.559] 0.089 0.795
Standard -0.467 0.267 0.489

Authorities' action

Do nothing 1.000 0.126| -0.667 0.147| -0.244 0.501
Tax reduction -0.467 0.357| 0.467 0.247] 0.222 0.536
Mandate -0.533 0.200 0.022

R Square 0.851 0.810 0.748
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Table 7.13: Insurance companies’ utilities to takeADAS deployment actions — Non-
Deployers

INSURANCE COMPANIES Do nothing Option Standard
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 6.222 0.007] 2.444 0.024| 1.778 0.045
ADAS

Speed Assistant -0.389 0.656/ 0.556 0.419] 0.389 0.553
Congestion Assistant 0.278 0.746| -0.611 0.382 -0.611 0.382
Safe Driving Assistant 0.111 0.056 0.222
Industry action

Do nothing -0.556 0.536] 0.222 0.725] 0.222 0.725
Option -0.222 0.795( 0.222 0.725] 0.056 0.929
Standard 0.778 -0.444 -0.278

Authorities' action

Do nothing 0.278 0.746] 1556 0.106f 1.389 0.127
Tax reduction -0.556 0.536] -0.444 0.504] -0.278 0.664
Mandate 0.278 -1.111 -1.111
R Square 0.497 0.842 0.813

7.3.5 Insurance companies’ probability subgroup models

Insurance companies’ probability subgroup 1 (n=4ple 7.14)

The respondents in this subgroup expect the prbtyabi optional premium reduction to be
the highest, followed by standard premium reductand doing nothing having equal
probabilities. They expect only minor influencetloé other actors on these probabilities. This
results in a large probability towards taking actidhis subgroup is interpreted as seeing
insurance companies as Active Deployer

Insurance companies’ probability subgroup 2 (n=aple 7.15)

The respondents in this subgroup expect the prbtyabf doing nothing to be the highest,
other probabilities are only small. They do notextpany influence of the other actors. This
subgroup is interpreted as seeing insurance compasi dNon-deployer
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Figure 7.5: Probability of insurance companies’ delpyment actions by subgroup

Table 7.14: Insurance companies’ probabilities in%) to take ADAS deployment actions

— Active Deployer

INSURANCE COMPANIES Do nothing Option Standard Other
Probabilities Cluster 1 coeff  sig coeff sig coeff sig coeff sig
Constant 23.333 0.016| 40.694 0.001| 24.167 0.013( 11.806 0.009
ADAS

Speed Assistant -0.833 0.863| 2.222 0.293| 0.833 0.851] -2.222 0.301
Congestion Assistant 2.083 0.672| -0.694 0.702| -2.917 0.535 1.528 0.442
Safe Driving Assistant -1.250 -1.528 2.083 0.694
Industry action

Do nothing 5417 0.330] 0.139 0.938] -2.500 0.589 -3.056 0.198
Option -1.250 0.796[ 0.139 0.938( -0.417 0.925| 1.528 0.442
Standard -4.167 -0.278 2.917 1.528
Authorities' action

Do nothing 9.167 0.164| -6.528 0.053] 0.417 0.925[ -3.056 0.198
Tax reduction -5.000 0.360[ 7.222 0.044( -2.917 0.535] 0.694 0.708
Mandate -4.167 -0.694 2.500 2.361

R Square 0.770 0.933 0.484 0.827
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Table 7.15: Insurance companies’ probabilities in%) to take ADAS deployment actions
— Non-Deployer

INSURANCE COMPANIES Do nothing Option Standard Other
Probabilities Cluster 2 coeff  sig coeff sig coeff sig coeff sig
Constant 79.258 0.001| 12.407 0.008 6.667 0.035 1.669 0.000
ADAS

Speed Assistant 1.296 0.740] -0.740 0.688] 0.000 1.000] -0.556 0.000
Congestion Assistant 2962 0.476| -1.297 0502 -1.667 0.455[ 0.001 0.553
Safe Driving Assistant -4.258 2.037 1.667 0.554
Industry action

Do nothing 2.409 0.553] -1.297 0.502| -0.557 0.788 -0.556 0.000
Option -2.594 0.526] 1.483 0.451f 0.557 0.788] 0.554 0.000
Standard 0.186 -0.187 0.000 0.001

Authorities' action

Do nothing -5.371 0.256] 4.260 0.116] 1.667 0.455| -0.556 0.000
Tax reduction 0.186 0.962] -1.297 0.502| 0.557 0.788 0.554 0.000
Mandate 5.186 -2.963 -2.223 0.001
R Square 0.736 0.836 0.590 1.000

7.3.6 Overall results
Table 7.16 summarizes the identified subgroup engiven labels for each of the actors.

Table 7.16: Identified subgroups for each actor

Actor Subgroups based on utility data| Subgroups bal on probability data
Public authorities Passive deployers . -
Deployment champions

Actiive deployers

Automotive Restra_lined deployers Active deployer

industry Adaptive deployers Reluctant deployer
Option-prone deployers Active deployer
Standard-prone deployers

Insurance Active deployer Active deployer

companies Non-deployer Non-deployer

Generally, it can be concluded that, for each efdbtors, subgroups of respondents can be
identified that are predominantly prone towardsingkaction, and subgroups that are
predominantly passive or unwilling to take actidhese differences were as expected, based
on the relatively low maximum utilities for eachttie actors observed in the overall models
(See Chapter 6). The highest utilities for theeatd#ht subgroups are 6.6-7.2 as compared to
6.1 for public authorities, 8.5-9.8 as compared.ofor the automotive industry, and 6.9-7.6
as compared to 5.5 for insurance companies.

From this and other figures, it can also be coredlthat the subgroups within the automotive
industry respondents show very clear differencestriategies. The average utility/probability
(constants) and the influence of other actors, ipwlthorities in particular, are very different
across the subgroups. Insurance companies’ sulgyrangpclearly different in their average
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utilities/probabilities, but other actor influendees not play a role. The differences between
public authorities’ subgroups are smaller, and rlative homogeneity of the respondent
answers is underlined by the inability to find ¢leabgroups based on the probability data.

The existence of subgroups has a different meafun@ctors that can be considered as a
single decision-maker (i.e. public authorities)daactors that include multiple decision-

makers (i.e. the automotive industry and insuracempanies). In the case of a single
decision-maker, the different characteristics ok teBubgroups represent an internal
heterogeneity, that may have to be sorted out bedadecision is made. The relative size of
subgroups based on utility data may tell us somgthbout the commonness of the related
strategies. The relative size of the subgroupsdas probability data, may tell us something
about the probability that the related decisiorigratwill eventually be followed. In the case

of multiple decision-makers, the different charastees of the subgroups represent an
external heterogeneity, which means that diffecarhpanies may have different strategies.
Heterogeneity within companies may also be pregentcannot be revealed from the data.

The number of respondents within a subgroup givesndication of the relevance of the
subgroups as compared to other subgroups. Mogreiiftes can be observed between the
automotive industry subgroups. With respect to dhiBties, the active deployers are the
largest group (44% of the respondents), followedalgaptive deployers (22%), standard-
prone deployers (18%), restrained deployers (118d) @tion-prone deployers (4%). From
this, it is clear that the majority of the autorwetiindustry respondents has a preference
towards taking action, while being moderately tomsgly influenced by public authorities.
Based on the probability data, we can concludettteamajority would expect the automotive
industry to act as an active deployer (56%), witliekatively small influence of public
authorities. Smaller groups expect industry to belactant deployer (22%) or an adaptive
deployer (22%), both groups being more influencegbblic authorities. These percentages
may indicate how likely the occurrence of the attend reaction patterns related to the
subgroups are. For public authorities, the sizehef subgroups based on their utilities is
comparable (55% for passive deployers, and 45%déptoyment champions). For insurance
companies the differences are larger (71% for aatigployers and 29% for non-deployers
based on utilities, and 57% vs. 43% based on pifibes), but given the small number of
respondents, only seven, these figures have eelinstiatistical significance.

Using the same procedure as in 6.5.5 the subgrageln were revised by re-estimating them
without the attributes that were not statisticalgnificant in the original model (see Table
B.1 to B.14 in Appendix B). These models can beduse simulate the utilities and
probabilities for all deployment scenarios.

7.4 Influence of background characteristics and expecteimpacts

Can the differences between the subgroups be eepldy the background characteristics of
the respondents, or their expected impacts of thad % and the deployment actions? In the
following, explanations for some characteristideliénces between the subgroups’ strategies
are discussed, based on differences in respondemaateristics and expected impacts. In
most of the cases, these differences are nottatalig significant, probably caused by the
relatively small number of respondents includedha subgroups. The explanations should
therefore be seen as indicative.
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What could explain the result that the first suhgroof public authorities’ respondents is
more passive regarding ADAS deployment than thenskeone?

It was found that the second subgroup (deploymbatpions) expects the impacts of the
ADAS on average to be higher than the first subgrdu40 vs. 1.15), while they indicate they
are less familiar with the ADAS (1.19 vs. 1.64).dtnot clear whether this would be the
explanation for the difference, but if it is, it ares that actors who are more familiar with
ADAS have more conservative expectations regartiegimpacts, and are less willing to
stimulate deployment. In addition, it means thatsthwho are less familiar still have high
expectations, and are very willing to stimulate ADAeployment. In the first subgroup, EU
representatives and research & development empogeeslightly over represented. These
may be people who are relatively more familiar WAIDAS.

What could explain the result that the averageitigd for taking action are higher for some
subgroups of thautomotive industryrespondents than for others?

There could be a relationship between the utiligrivced from taking action and the
familiarity with the ADAS. The second subgroup {rased deployers) has the lowest
average familiarity (1.13), while the fourth (optiprone deployers) has the highest (2.00).
This relationship does not explain all deviationsaverage utilities, but it does give some
indication in this direction. It suggests that flifetindustry actors are more familiar with
ADAS, they are more willing to take action. Thistie opposite from what was found for
public authorities.

Taking into account the large number of subgroupspondent characteristics are only
considered relevant for the largest groups reptedefi.e. German and Italian respondents,
private vehicle manufacturers and automotive seppli and R&D representatives).

Regarding the average utilities, the only intergptfigure is that in the fifth subgroup

(standard-prone deployers) lItalian respondents ratatively more represented than in
subgroup 1 (active deployers). This may suggestferehce in opinion between countries or
a reflection of the different markets that thei#tal(mainly mass market) and German (mainly
top end) automotive industry serve.

What could explain the result that the utilities tbob second and third subgroup of the
automotive industryrespondents were more influenced by other actbes tthe other
subgroups?

Both the second and the third subgroup expectelightlg lower average impact of the
ADAS (1.28 and 1.08 as opposed to 1.38, 1.41 aB@).1This could be an explanation, since
because of the lower impacts, they may be lessngilto deploy ADAS on their own.
Furthermore, it is an interesting finding that bdtiese groups expect negative impacts of
standard equipment on investment risk, liabilitgkriand user acceptance, while all others
expect these as neutral or positive. The explamaltien is that they need to be forced more to
take this deployment action. With regard to thepoeslent characteristics, private vehicle
manufacturers are relatively more representederthird subgroup (adaptive deployers) than
automotive suppliers. This could indicate that eeEhimanufacturers need more stimulation
by public authorities than is deemed necessarybgnaotive suppliers.

What could explain the result that the average piolities for taking action are higher for
the first and third subgroup of treitomotive industryrespondents than for the second one?
As opposed to the subgroups based on utilitiesfaimdiarity cannot serve as an explanation
here. The only clear difference to be found is thatsecond subgroup (that sees industry as a
reluctant deployer) expects the user acceptanteeadeployment actions to be more positive
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than the other subgroups. This seems awkward, gimeaild not be expected that such a fact
would lead to reluctance. It has to be taken irdooant though, that the acceptance is the
opinion of the respondents, who may expect themaotive industry to act otherwise. As
such, there is not a clear explanation for theterte of these different strategies. It is also
worth bearing in mind that the members of the sécrbgroup, based on utilities, are not all
the same as the second subgroup based on prakeabilit

What could explain the result that the probabistief the second and third subgroup of the
automotive industryrespondents are more influenced by other actaa the first subgroup?

It can be found that the first subgroup (who seesistry as an active deployer) has a higher
average familiarity with the ADAS (1.45 vs. 1.26dah.26) and higher expectations with
respect to the average impacts of the ADAS (1.38\6 and 1.10). The explanation for the
large influence of public authorities (and to askrsextent insurance companies), could then
be that the relative unfamiliarity and less pogitexpected effects lead to the expectation that
stimulation by public authorities is necessary mnoréase the probability of deployment.
Another interesting finding is that there are ligkly more automotive suppliers in subgroup
1 (active deployer) than in subgroup 3 (adaptivelaler). This could mean that those
suppliers who are positive about deployment, doexpect support from public authorities to
be necessary. Another interesting finding is thelatively more Italian respondents are
present in the subgroups that are influenced byigahthorities than German respondents.
Their different expectations may be due to diffeemin culture, and it underlines that the
automotive industry includes different perspectikeggarding ADAS deployment.

What could explain the result that the first suhgrefinsurance companiestespondents is
more willing and expected to take action than #eosd subgroup?

In the case of insurance companies, the subgroapsdbon utilities and those based on
probabilities are almost similar. The same holdstf® explanation of their difference in
opinion. In both cases, the (active) first subgras a much lower average familiarity than
the second (non-deploying) subgroup (0.13 vs. B6d 0.00 vs. 1.33). Furthermore, the
expected impacts of the ADAS by the first subgramg higher (2.00 vs. 1.54 and 2.25 vs.
1.36). Note that the expected impacts by the sesahdroup are still high as compared to the
other actors. A third finding is that the impactstbe deployment actions are generally
expected to be more negative by the second subgfompared to the other actors, the
respondent characteristics and expected impacte learly give an explanation for the
differences between the subgroups. The respondeaitare on average unfamiliar with the
ADAS have high expectations about the impacts ef AIDAS and the deployment actions.
This could explain their active attitude regard&igAS deployment. The respondents that are
on average familiar with the ADAS have much lowepectations about the ADAS impacts,
and are negative about the impacts of the deployations. This could explain their passive
attitude regarding ADAS deployment. Apparently, whensurance companies are
knowledgeable about ADAS, they will probably deci to take action.

Concluding remarks

For public authorities, and especially insuranceganies, it seems that the more familiar
they are with the ADAS, the less positive they etghe impacts to be, and the less willing
they are to take action towards ADAS deployments Beems to be the other way around for
the automotive industry, the more familiar they, dhe more positive they expect the impacts
to be, and the more willing they are to take actibris interesting to ponder what might

happen when actors become more familiar with ADA&e future. The findings above may
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indicate that the automotive industry then will the main decision-maker, while public
authorities and insurance companies will becomsipas

7.5 Discussion

A cluster analysis involves many choices to be madech means that the researcher has a
large number of possibilities to influence the HssWDifferent choices do not necessarily lead
to different results, but there is a possibilitgttthey do. Here, it was taken into account that
the choices made fit the nature of the availabi&yuand probability data, focusing on the
patterns rather than the absolute values of thee dat keeping data processing as transparent
as possible. Multiple clustering algorithms areilade, of which only two were chosen as
alternatives. Other algorithms could have led tffedknt clusterings, the two applied
algorithms already did, but these were not consui¢o fit the interval scale data, and were
not transparent enough. In most of the casesivieeage Linkage Withialgorithm prevailed,
since the differences between the clusters foung wemre statistically significant. This may
not be surprising, since this algorithm will resmltrelatively more homogeneous subgroups.
About the homogeneity, it must be said that despite normalization of the data,
heterogeneity within the subgroup increased gais¢ \ivith the number of subgroup members.
This shows that, while clear differences were fobetiveen subgroups that were eventually
selected, the differences between the subgroup e@nalpe still large.

These findings have certain consequences for therpimetation of the results. Firstly,

conclusions should only be drawn on the utility gandbability patterns across the models,
since the choices made in the cluster analysis waected to this type of conclusion.

Furthermore, the group size should not be integprdbo precisely, and the identified

subgroups should be interpreted as an indicatiampbrtant strategies of the actors, but not
necessarily all of them.

Regarding statistical significance, it was foundttsome of the coefficients that were not
statistically significant in the average models sprded in Chapter 6, were statistically

significant for several subgroups, and the other araund. This shows that the low statistical
significance of the average models is not alwayssed here by the limited number of

respondents, but also by the heterogeneity of ¢éspanse. The general conclusion on the
limited statistical significance and relevance ok tADAS and insurance companies’

deployment actions remains unchanged, based uponetv information.

7.6 Conclusions and meaning for ADAS deployment
7.6.1 Conclusions regarding the subgroups of respondents

Subgroups with different strategies exist amongélspondents

The results indicate that there are likely to b#edent strategies with respect to ADAS
deployment present among public authorities, théoraative industry and insurance
companies.

The automotive industry’s subgroups can be diststged by their preference for deployment
actions and influence of other actors

Based on the utility data, five subgroups were tified: Active Deployerg20 respondents),
Restrained Deployerg5), Adaptive Deployers(10), Option-prone Deployers(2), and
Standard-prone Deployer®). Active Deployers and Adaptive Deployers derimost utility
from taking action as opposed to doing nothing, @nid utility is influenced by the
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deployment actions of public authorities, with Atep Deployers being substantially more
influenced than Active Deployers. The Option-prarel Standard-prone Deployers derive
most utility from deployment of ADAS as optional caistandard equipment respectively,
which is not substantially influenced by the deph@ynt actions of public authorities. The
Restrained Deployers derive about the same ufiitgn all deployment actions on average,
but this strongly depends upon the deployment astaf public authorities. In general, they
derive more utility from taking action, as oppogeddoing nothing when public authorities
have taken action first.

Based on the probability data, three subgroups vwiergified, expecting automotive industry
to act as arActive Deployer(25 respondents), Reluctant Deploye(10), or anAdaptive
Deployer (10). The characteristics of these subgroups Iargerrespond to those of the
Active, Restrained and Adaptive Deployers, based tlom utility data. Moreover, the
differences between these subgroups are even cldée fact that such large differences do
exist between the subgroups’ expectations regardiDdS deployment, may reveal that
different networks exist within the automotive isthy, with different attitudes towards
ADAS deployment. This interpretation is based or ttlea that respondents base their
expectations on what they experience in their sumdong network.

Insurance companies’ subgroups can be distinguidedheir preference for deployment
actions

Based on both the utility and the probability ddto subgroups of insurance companies’
respondents could be identified: tAetive Deployerg5 respondents utility/2 probability),
with a preference for taking action, and then-deployerg4/3), with a preference for doing
nothing. Neither of these groups was influenceceityer the automotive industry or public
authorities. Despite the very small sample, thebgups are so clearly different, that there
is enough confidence in their existence.

Public authorities’ subgroups can be distinguishieg their preference for deployment
actions, no subgroups are identified based on pbdiwy data

Based on the utility data, two subgroups of pualithorities’ respondents could be identified:
Passive Deployergll respondents) anBeployment Champion$9). Passive Deployers
derive most utility from doing nothing, and Deplognt Champions derive most utility from
taking action. The utility of both these subgroigreot substantially influenced by the actions
of the automotive industry. Despite these diffee= no clearly different subgroups were
identified based on the probability data. This sufgpthe general expectation that public
authorities will be passive in ADAS deployment (§&d®apter 6). However, nearly half of the
respondents would probably support a more activieic.

A possible explanation for the existence of subgsooan be found in the respondents’
familiarity with ADAS, and their expectations o tADAS’ impacts

For public authorities’ and (especially) insurarammpanies’ respondents, it seems that if
they are more familiar with the ADAS, they expees$d positive impacts, and they are less
inclined to take action towards ADAS deploymentisTéeems to be the other way around for
respondents from the automotive industry. If theg enore familiar, they expect more
positive impacts, and are more inclined to takeact
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The existence of the subgroups gives a possiblareatpn for the low utilities that resulted
from the average models

The highest utilities that were observed from thbgsoups were all between 0.5 and 2.1
points higher (on a scale of 10) than the averdijjgas over all respondents (see Chapter 6).
This means that the existence of subgroups may leelan explanation for the generally
observed low utilities. Nevertheless, with the itidé of public authorities and insurance
companies still remaining rather low, the explamatiof a limited interest in ADAS
deployment also still holds.

7.6.2 Relevance of the results for ADAS deployment

In addition to the general conclusion on ADAS dgptent that the automotive industry is
expected to take action first, and public authesitare willing to stimulate, but not very likely
to actually do so, what does the knowledge aboet dhbgroups teach us about ADAS
deployment?

Most importantly, the automotive industry is hetgoeous with respect to decision-making
regarding ADAS deployment. This heterogeneity nesif itself in different preferences for
deployment actions and susceptibility to influeé€mainly) public authorities. This means
that it can be expected that, in first instancéfer@nt parts of the automotive industry will
show different strategies regarding ADAS deploymdime parts of the automotive industry
that correspond to these different strategies caoldbe specified based on the respondent
characteristics. Possibly, the brand image and ebaisions of different companies play a
role. Based on the subtle findings that the autoreahdustry respondents, who are more
familiar with ADAS, expect its impacts to be morespive, and expect a more active role for
the automotive industry in ADAS deployment, a plolssfuture development could be that,
when familiarity with ADAS increases, the autometimdustry is even more likely to be the
main driving force in ADAS deployment.

On average, public authorities were not expectedake action by the respondents (see
Chapter 6). Given the result that no different sabgs based on the probability data could be
identified, this increases the confidence in tliadusion as a general expectation. Based on
the findings that public authority respondents véne more familiar with ADAS expect its
impacts to be less positive, and expect not to &akien, a possible future development could
be that when familiarity with ADAS increases, pelduthorities are less likely to take action.

Insurance companies are not straightforwardly etgoeto take any action in the near future,
although a large percentage of the respondentxplecethat they will. However, based on
the quite clear findings that insurance companyoedents, who are more familiar with
ADAS, expect its impacts to be less positive, ardeet a very inactive role of insurance
companies, a possible future development could Ha¢ twhen familiarity with ADAS
increases, insurance companies are not likelyap plpart in ADAS deployment.

In summary, the results of the cluster analysisidentify subgroups of respondents with
different strategies, have increased the confidancthe expectation that the automotive
industry will be the leading actor in ADAS deploymiewhile little influence can be expected
from public authorities and insurance companies.
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8 User reactions to ADAS deployment actions

How many users will choose to buy an ADAS undenthigous deployment scenarios? What
characteristics influence this choice? This chagescribes a user survey designed to collect
data on the choices of users regarding ADAS, andthey are influenced by incentives that
result from the deployment actions of public auities and insurance companies. The data
were used to estimate a choice model, in whichffardhce was made between choosing an
ADAS as an option on a new car, and choosing an 8D&\be built in the users’ current car.
The results show a large influence of the deploynaetions, and a substantial heterogeneity
with respect to user, car use, and car charactsrist

129
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8.1 User survey set-up

The central part of the user survey is a conjoieasurement task to collect data to estimate
the probability that users will buy an ADAS on theew car. Table 8.1 summarizes the

attributes and attribute levels to be included his tconjoint measurement, which were

introduced in Chapter 5.

Table 8.1: Overview of user survey attributes and tribute levels

ADAS Attribute levels: ADAS
ADAS Speed Assistant
Congestion Assistant
Safe Driving Assistant

Deployment actions Attribute  levels: deployment
actions

ADAS purchase costs 0 euros
750 euros
1,500 euros

Insurance premium reduction| 0%
25%
50%

The remaining steps that need to be taken in thapsef the conjoint measurement task are
(1) to combine the attribute levels into profilesd (2) to define the measurement task. Next
to the conjoint measurement task, the survey atstudes the collection of respondent
characteristics and reported influence of decisriteria.

8.1.1 Combination of attribute levels into profiles

The number of profiles necessary to estimate théetndepends upon the assumed functional
form of the utility function. When assuming an aodi model, an orthogonal set of profiles is
enough to estimate the model, while a full factadiesign is needed when the model includes
all two-way interactions. For the current case,aalditive model was assumed, since no
statistically significant interactions were assuntedbe present, given the attributes (see
Chapter 4).

Vy, =q+ z ry,+rz (4.19)

V1,y = observed utility of buying an ADAS, given dephognt scenario y;,
Ya = deployment action of actar

g = constant of the utility model;

z= ADAS;

ra, . = coefficients of the utility model.

In an orthogonal set of profiles, each combinatbtwo attribute levels occurs only once. In
this case, with three attributes and three atteibenels, the orthogonal set includes 9 profiles.
When using an orthogonal set of profiles to estamamh additive model, the underlying
assumption is that the effects of the (two-wayprattions are zero. The disadvantage of
using an orthogonal model is that if these inteoast are not zero, the main effects are
distorted. However, the advantages of an orthogsesl being the minimization of the
amount of time spent to complete the questionnaine, the increase in the accuracy of the
answers, have prevailed here.
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Table 8.2: Profiles in the order presented to theaspondents

Profile Attribute levels ADAS Cost Reduction
ADAS Cost Red

1 2 2 1 Safe Driving Assistant 1,500 euros 25%

2 (holdout) 1 0 0 Congestion Assistant 100 euros redaoiction
3 0 2 2 Speed Assistant 1,500 euros 50%
4 2 1 0 Safe Driving Assistant 750 euros  No reauncti
5 1 0 1 Congestion Assistant 100 eurps 25%
6 0 1 1 Speed Assistant 750 eurps 25%
7 1 2 0 Congestion Assistant 1,500 euros No reolugti
8 0 0 0 Speed Assistant 100 eurps  No redugtion
9 2 0 2 Safe Driving Assistant 100 eurgs 50%
10 1 1 2 Congestion Assistant 750 eurps 50%

11 (holdout) 1 2 2 Speed Assistant 1,500 edros 25%

* cost = purchase costs of the ADAS
** red = monthly insurance premium reduction

Table 8.2 shows the profiles included in the inigagion in the order, as presented to the
respondents. Two profiles were included that wit be included in model estimation, but

will be used later to validate choice forecastingtbe model, the so-called holdouts. The
profiles are deliberately placed in an order thatids the occurrence of the same attribute
levels in consecutive profiles as far as possitdestimulate the respondent to compare the
different attribute levels.

8.1.2 Choice of measurement task

The objective of this investigation is to estim#te percentage of users that will actually
adopt an ADAS, given certain deployment actionsacfors. There are two steps in the
adoption of ADAS: obtaining the ADAS, and actugland correctly) using the ADAS. Since
the focus of this research project is on ADAS dgplent as an increase in market
penetration, only the first part of the adoptiorid®n is being considered here.

This objective involves determining the actual cledihat users report to make, whether they
will adopt an ADAS or not, and under what condisoihis specific objective influences the
type of measurement task chosen. A rating task dvgide detailed information about the
user preferences regarding ADAS deployment actiouisis not suitable to forecast the actual
choice of the user. For that reason, a choiceitagopted here, since the main objective is to
determine this choice.

A choice task can be designed in different ways, elwample by letting the respondents
choose between two or more different profiles, pobdgsincluding a base alternative
representing the current situation, when none efdlternatives is chosen. In order to obtain
the desired results, the choice task should resethbltype of choice being investigated. The
main aim of the present survey is to investigatetver car users will, or will not, purchase
an ADAS, given different types of ADAS and deployrmhécentives. Consequently, it was
decided to design the choice task as a choice bketwme of the profiles and the base
alternative, which means choosing between a cédr avitADAS, and a car without an ADAS.
This was specified by answering categories ‘yes'rwr to a question on whether the
respondent is going to buy the ADAS.

The specific question posed to the respondentsndispen the target group approached. The
target group in this investigation consists of pte/car users from the Netherlands, who can
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make their own decision on purchasing ADAS or fi@king into account the integration

with the results of the actor investigation, in efhithe deployment actions were mainly
focused on equipment of new vehicles with ADASsitmost interesting to include car users
who consider buying a new car on a reasonably sbort (here: two years). It could also be
an option to equip cars with an ADAS afterwards. (retrofitting), which is probably not

feasible for all types of ADAS due to integrationittw other vehicle components.

Nevertheless, it is interesting to investigate sers would react differently to that type of
deployment. Thus it was decided to split up thgdamgroup into car users who consider
buying a new car within two years, and car users @t not consider buying a car, but do
currently own one.

- Congestion Assistant
- Purchase costs 100 euros
- 25% reduction on car insurance premium

Congestion Assistant

(For respondents who indicated to consider buyirg@awithin two years)
Do you choose this option when buying your next neear? (task type A)

O Yes
O No

(For respondents who indicated not to consider gy new car but owning one)
Do you choose to buy this option? (task type B)

O Yes
O No

Figure 8.1: Example question

Both groups are presented with the same profilabed options, with a slightly different
choice task. The ‘car buyers’ are presented withiaghtask type A, which poses the question
if they would choose the present option when buyangew car. The ‘non car buyers’ are
presented with choice task type B, which posegthestion if they would choose the present
option to be built into their current car. Figurd 8hows an example question for both parts
of the target group.

8.1.3 Respondent characteristics

Next to the questions related to the choice taskraber of respondent characteristics that
were expected to explain part of the individualiaton in choice were included in the
guestionnaire. The questions were limited to soms&icbrespondent characteristics. These
included specific respondent characteristics (ggeder, income, attitude towards electronic
equipment in cars), characteristics of the respotsiecar use (frequency, mileage), and
characteristics of the respondents’ cars (finanahgurchase and insurance costs, car price,
and whether ADAS is built into a new or current)cdn this sub-section, the presumed
relations of these characteristics and criteridnwhe choice for ADAS are explained.
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Characteristics of the respondents

Age

It has been observed that older people are maedylth adopt some form of assistance in the
vehicle than younger people (e.g. Marchau, 2001)hé questionnaire the respondents were
asked to indicate their year of birth.

Gender

It has been observed that men and women may h#eeedi preferences with respect to type
of driving assistance and level of support (e.ga &xiel and Van Arem, 2005). In the
guestionnaire the respondents were asked to irdilbatr gender.

Income

People with a higher income are expected to be malteng to purchase ADAS. In the
questionnaire the respondents were asked to imditaeir yearly household income
(categories: 0 — 30,000 euros, 30,000 — 60,000se@@ 000 euros and more; based on the
Dutch median household income of 31.930 in 2009).

Attitude

People with a positive attitude towards electragaipment in vehicles are expected to adopt
ADAS earlier than people with a more negative adé Two statements were presented to
the respondents referring to attitude: “I am opemards electronic equipment in the car” and
“I will purchase a new electronic device for in tber only if there is no other choice”. In the
questionnaire the respondents were asked to irdicatvhat extent they agreed with these
statements (categories: agree, slightly agreeraleslightly disagree, and disagree).

Characteristics of the respondents’ car use

Frequency of car use

People who drive more often may value in-car amsca by ADAS more than people who

drive less often, because of the annoyance of aiogeor speeding tickets. It could also be
the other way around, since people who drive Idgsnaocould be less confident in their

driving skills. In the questionnaire, the resportdemere asked to indicate their frequency of
car use (categories: daily, several days a weelkrakdays a month, several days a year).

Yearly mileage

The same reasoning as for the former question Holdsnileage. In the questionnaire the
respondents were asked to indicate their yearlgagi (categories: 0 — 5,000 km, 5,000 —
10,000 km, 10,000 — 20,000 km, 20,000 — 30,00030v000 km and more).

Characteristics of the respondents’ car

Purchase financing

The way in which the purchase of a new car is fbeghmay influence the choice for an

ADAS. If the employer pays for the car, people dolé more likely to choose an ADAS. In

the questionnaire, those respondents who indichigdthey consider purchasing a new car
were asked to indicate the way in which the purehasl be financed (categories: payment
for car by themselves, payment by employer, emplogatributes, otherwise).
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Monthly insurance and tax payment financing

In addition, financing of the additional monthly sts, such as insurance premiums and
vehicle taxes, could influence respondents’ choiEes example, respondents for whom these
costs are paid by their employer, may be relativielyensitive to insurance premium
reductions. In the questionnaire, the respondemi®e vsked to indicate how they finance
these monthly costs (categories: they pay themselleir employer pays, otherwise).

Price of car

For people buying more expensive cars, the additiexpense for an ADAS may be less of a
barrier, so it is interesting to know the pricetlé car that people are driving, or expect to
buy. In the questionnaire, the respondents whaatdd that they are considering purchasing
a new car, were asked to indicate the price cayeigowhich they expect to look for a car.
The respondents who indicated that they own aledrare not considering buying a new one
shortly, were asked to indicate the price of tieainrent car (categories: 0 — 5,000 euros, 5,000
— 15,000 euros, 15,000 — 25,000 euros, 25,000608%uros, 35,000 euros and more).

ADAS on a new or current car

People may decide differently on buying an ADASaasoption for a new car, or buying an
ADAS to be fitted in their current car. If they baynew car, the price for an ADAS may be
perceived as being relatively lower. While the mpimpose of the survey is to assess users’
choice to have an ADAS in their new car, the questaire differentiates between these two
types of car users (see 8.1.2).

8.1.4 Reported influence of decision criteria

The choice of a respondent for an ADAS was expettdie motivated by the impact of the
ADAS on certain criteria. In the questionnaire, thspondents were asked to indicate to what
extent they took several criteria into considemativhen making a choice for an ADAS
(categories: definitely not, probably not, neutgaipbably yes, definitely yes). The criteria
included in the survey were based on a literatavéew of important user criteria (Walta et
al., 2007), i.e. safety, costs, travel time, satieand environmental influence, user-
friendliness, privacy, and driving comfort.

8.2 Questionnaire and data collection

In order to collect the data, a web questionnaiess vget-up in cooperation witl&O
researci’. This questionnaire was in Dutch, since it waseainat respondents from the
Netherlands. It started with the question as tothdrethe respondents would consider buying
a car within two years, and if not, whether theyrently own a car. When their answer was
negative to both, the questionnaire ended. Whernrdgpondents indicated that they would
consider buying a car, they were routed to the aghdask of type A, otherwise they were
routed to the choice task of type B. Before answgethese questions, it was explained to
them about the ADAS types included in the questiinen An example question was given to
prepare them for the choice task they had to perféfter completion of the choice task, the
background questions were posed to the respondaststhe criteria questions, since they
were related to the choice task, followed by thestions on user characteristics, car use
characteristics, and car characteristics.

The questionnaire was sent to the members of e largine panel that is generally
representative for the Dutch population, and spdly includes individual consumers with a

19180 research is a Dutch research agency havingsaco panels of traffic and transport relatedoedpnts
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driving license who have a vehicle at their disho$he members of this panel receive a
reward each time they participate in a questioendin order to keep the costs of the
investigation under control, a fixed number of cdsbgd questionnaires had to be agreed
upon with the panel organization, which numbere@.25 total of 1030 invitations were
randomly sent to the panel, of which 348 followkd link to the web questionnaire. Of these
348, 65 did not start the questionnaire, 14 didaoohplete it, 8 did not match the criterion of
owning a car or thinking of buying one, and 11 duled the link after the quota of 250
completed questionnaires was already reached. Oéstiqnnaire was held in July 2009.

8.3 Results: general explanatory variables

8.3.1 Respondent characteristics

The characteristics of the survey respondents @amerarized in Table 8.3, and if possible
compared with population characteristics retriefredh the Dutch Central Statistics Agency
(CBS; http://statline.cbs.il

Characteristics of the respondents

Table 8.2 shows that the age group 40-65 is relgtiover represented in the sample (by
about 10%), and that the group of 65 years androfdeclatively under represented. This
could be caused by a decrease in the percentggopfe with a driving license and car above
65, and the relatively limited internet accesshid group.

The distribution over male and female respondésits26 vs. 48.8%) is of the same order of
magnitude as the population distribution with re$pe driving license possession (53.3% vs.
46.7%). At this point, the sample is consideredepsesentative.

Although the CBS data had to be corrected for thesbhold income categories, it can be
concluded that the sample contains a relativehh mgmber of people with a household
income between 30,000 and 60,000 euros, and a iowumt of people with a household

income of higher than 60,000 euros. Presumingbaple with a higher income have more
time-consuming jobs, it is quite possible that tipisup is partly excluded, since the survey
was performed within three consecutive working days

On average the respondents slightly agree withstatement that they are open towards
electronic equipment in the car. The respondergsnasre conservative regarding whether
they purchase an electronic device for in the cdy & there is no other choice. The average
score on this statement is neutral or slightly agead there is also less agreement about this
statement among the respondents, since the staddaiation is higher than for the former.
The overall conclusion on these figures is, nopssingly, that while the respondents are
generally open towards electronic equipment, mamylyaa “wait and see” attitude with
respect to purchasing these systems.

Characteristics of the respondents’ car use

Most of the respondents use their car daily, deast weekly. The majority have an annual
mileage of between 5,000 and 20,000 kilometersartbe concluded that the respondents are
on average regular car users, and that the milisagasonably well spread.
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Table 8.3: Characteristics of the respondents

only when there is no other
choice

Characteristics of the Categories Response group The Netherlands
respondent (Source: CBS)
Age 18-20 6 2.4% 3.1%
20-25 15 6.0% 7.6%
25-30 28 11.2% 7.7%
30-40 37 14.8% 17.9%
40-50 56 22.4% 19.9%
50-60 47 18.8% 17.4%
60-65 37 14.8% 7.7%
65-75 23 9.2% 10.2%
75+ 1 0.4% 8.6%
Gender Male 128 51.2% 53.6%
Female 122 48.8% 46.4%
Household income 0 - 30,000 93 37.2% 34.1%
30,000 — 60,000 123 49.2% 32.%%
60,000 + 34 13.6% 33.8%
Iegmp(mggtti(r)]vzzrediaerlectronlc 1(Agree) — 5(Disagree) avg: 1.9 sd: 1.067
| will purchase a new
electronic device for in the car . N/A
1(Agree) — 5(Disagree) avg: 2.77  sd: 1.206

respondents’ car

Characteristics of the Categories Response group The Netherlands
respondents’ car use (Source: CBS)
Frequency of car use Daily 147 58.8%
Several days a week 83 33.2% N/A
Several days a month 17 6.8%
Several days a year 3 1.2%
Annual mileage 0 — 5,000 km 22 8.8%
5,000 — 10,000 km 63 25.2%
10,000 — 20,000 km 87 34.8% Average: 12.144 km
20,000 — 30,000 km 37 14.8%
30,000 km + 41 16.4%
Characteristics of the Categories Response group The Netherlands

(Source: CBS)

Purchase financing You pay yourself 116 89.2% 87.9%
employer
pays/contrigut)e/slotherwise 14 10.8% 12.1%
Monthly insurance and tax You pay yourself 225 90.0% N/A
payment financing Employer pays/otherwise 25 10.0%
Price of car 0 — 5,000 euros 46 18.4%
5,000 - 15,000 euros 94 37.6%
15,000 — 25,000 euros 53 21.2% N/A
25,000 — 35,000 euros 39 15.6%
35,000 euros + 18 7.2%
ADAS on new or current car New car 130 52.0% -
Current car 120 48.0% -

N/A = figures not available

Y Based on driving license possession percentag280f and population figures of 2009
2 Based on driving license possession percentag28f and population figures of 2009
13 Based on income figures of 2007
4 Corrected value based on average trend since @®§arization stops at 50.000 euros

5 Based on car ownership figures of 2009 of perseehicles: total amount and those registered bypeonies
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Characteristics of the respondents’ car

Of the people who indicated that they would conspléchasing a car within the next two
years, 89.2% will pay for the car themselves, ad% vill pay the monthly insurance costs
and taxes themselves. This matches with the CBS& dajarding vehicles that are “not
registered by a company”. Of the remaining respotgjetl.6% answered that their employer
pays for the car, and 5.4% answered otherwise. €pmntly, it is not completely clear
whether or not the amount of drivers in a vehichgistered by a company is under
represented in the sample. Nevertheless, sincehtiuie of vehicles registered by a company
is relatively small (12.1%), this possible undguresentation is not expected to influence the
general results.

The price of the car the respondents expect to twuglready own, is reasonably well spread
among the categories. A relatively small amounicaigd that they intend to buy a car that is
more expensive than 35,000 euros, which is probedibted to the average income being
lower than that of the population.

The distribution of the respondents among those wiliacconsider buying a new car within 2
years, and those who do not, but do currently owearais 52% against 48%, which gives a
good basis for comparing both groups on their mgitiess to purchase an ADAS.

8.3.2 Reported influence of decision criteria
The average scores of the respondents on the dateritich they took into account a certain
criterion in their choice for one of the ADAS, gmesented in Figure 8.2.

Criteria and the choice for ADAS
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Figure 8.2: Extent to which criteria are taken intoaccount in the choice for an ADAS

Figure 8.2 shows there is relatively little diffece between the different ADAS types
included in the investigation. The largest diffesens observed for the safety criterion. The
highest average scores are observed for costsadaty.sin addition, user friendliness and
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driving comfort have an average score of above Bichvmeans that a majority of the
respondents indicated that they would take thesterier into account. Societal and
environmental influence, privacy, and travel tireegived an average score of below 3, which
means that these were less likely to be takenantmunt by the respondents. These results
are particularly surprising regarding travel tins@ce this is often indicated as one of the
most important criteria for car drivers regardinddAS (e.g. Lathrop and Chen, 1997,
ADVISORS, 2002). The respondents possibly do neb@ate the functionality of these three
systems with reducing travel time.

8.4 Model estimation

The choice task of the survey resulted in binamyicd data on whether or not a respondent
chooses a specific ADAS, given the cost and premieshiction involved. With these data, a
binomial logit model can be estimated, giving imgignto the utility the users derive from the
ADAS and deployment actions.

The binomial logit model defines the probabilityatlusers choose to have a certain ADAS on
their next new car, as a logistic function of thiéity users derive from having this ADAS on
their next new car:

1

P(C=1|D,=y)=
(C | 1 y) 1+e_\&'y

(4.16)

In which:

C = stochastic variable representing user choidaugpan ADAS on his next new car (which
can take the values 1= yes and 0 = no);

D, = stochastic variable representing deploymentaieat timet=1;

y = deployment scenario at tinel;

V1, = observed utility the user derives from buying AIDAS on his next new car, given
deployment scenarip.

The utility V1 y is defined as linear function of the actors’ dgptent actions at time=1 and
the ADAS:

Viy Sa+0y, + LY, + 1,2 (8.1)

In which:

g = constant of the utility model;

y1, Y2 = deployment variables 1 and 2, representingaadtpremium reduction;
z= ADAS;

ri, ry, r3 = coefficients of the utility model.

The values of the independent variabteandy, are considered to be on an ordinal scale. The
available data makes it possible to consider therarointerval scale, but it was found that the
model fit was better when using the values on amat scale. The values of the independent
variable z are considered to be on a nominal scale. In otdenclude the independent
variablesys, y, andz in model estimation some form of dummy coding eéxessary. The
dummy coding chosen is presented in Table 8.4.
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Table 8.4: Dummy codes for attributes with three leels

Attribute Ind_|cat0r Ind_|cat0r Part-worth
Level variable 1 | variable 2 Utility
(Y1) (Y2)

0 0 0 0
1 1 0 o
2 0 1 o)

Parameter: p: [

Each independent variable can take the value oattbute levels 0, 1 and 2. In Table 8.4
these values are coded as the values of two imdigatiables)Y; andY,. The coefficientsyr

to r3, are each coded as the paramete@nd .. This results in the following utility model to
be estimated as part of the logit model presemi€d.iL6):

Vl,y =q+ Z(pi ATRYY ,2Yi,2)
i0{L2,3}

In which:

Y1 1andY; pcorrespond witlys;
Y21andY; ;correspond withys;
Y3 1andYs;correspond withz,

po1and o pcorrespond with;
P21and o pcorrespond with;
ps1andps pcorrespond withr;.

(8.2)

Model estimation involves the estimation of the stantq, and the coefficientg from the
logit model, using logistic regression. Table 81ws the coding of the choice attributes for
the investigated profiles included in model estiorat

Table 8.5: Analysis design choice attributes

Profile” Attribute levels ADAS Cost Premium reduction
ADAS cost prem | adasl adas® costl cost2 preml prem2
1 2 2 1 0 1 0 1 1 0
3 0 2 2 0 0 0 1 0 1
4 2 1 0 0 1 1 0 0 0
5 1 0 1 1 0 0 0 1 0
6 0 1 1 0 0 1 0 1 0
7 1 2 0 1 0 0 1 0 0
8 0 0 0 0 0 0 0 0 0
9 2 0 2 0 1 0 0 0 1
10 1 1 2 1 0 1 0 0 1

* Not all profile numbers are included in theadysis since 2 and 11 were holdout tasks
** cost = purchase costs of the ADAS prem = monihsurance premium reduction

It is assumed that the answers to choice task Ayp&DAS on next new car) and B (ADAS
on current car) are compatible, in that they measbe same thing: if a user chooses to
purchase an ADAS or not. Thus the model was baseth® data resulting from both task

types.
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8.4.1 Including respondent characteristics in the model

In order to explain part of the unexplained varanaf the model, some respondent
characteristics can be included in the model. Malable respondent characteristics include
age, gender, household income, attitude towarddretec equipment in cars (2 variables),
ADAS on new or current car, frequency of car usieage, car purchase financing, tax and
insurance financing, and car price. Not all of thebaracteristics are eligible to be entered as
variables into the model. The attitudes towardsted@ic equipment largely refer to the
individual taste explained by the error term. Ashsuincluding them in the model would
distort the model clarity. Furthermore, car purehfisancing and tax and insurance financing
were shown to have little differentiation among Hreswering categories (see Table 8.3), so
no explanation is expected of them in the model.

Furthermore, correlations were assumed to be prdsstween frequency of car use and
mileage, and household income and car price. Thelation between frequency of car use
and mileage was calculated at -0.561 (Spearmgnishich is moderately high. The negative
value of the correlation is due to the coding & tlategories (e.g. high — low frequency = 1 —
5, low — high mileage = 1 — 5). Based on this fegut was decided to only include one of
both variables in the model. As to household incame car price, calculating the correlation
would not lead to an interpretable figure, sinceré¢hwere only three broad categories for
household income. Since correlation is presumedag decided also to include only one of
both variables in the model.

Table 8.6: Analysis design respondent characterists

Variable Scale type Categories Value
Age Interval N/A [2009 — year of birth
Gender Dichotomous Male 0
Female 1
Household income Ordinal -> Nominal incl inc2
0 — 30,000 euros 0 0
30,000 - 60,000 euros 1 0
60,000 euros and mote 0 1
ADAS on new/current Dichotomous On new car 0
car On current car 1
Frequency of car use | Ordinal Daily 1

Several days a week
Several days a month
Several days a year
Mileage Ordinal 0 — 5,000 km

5,000 - 10,000 km
10,000 — 20,000 km
20,000 — 30,000 km
30,000 km and more
Price of car Ordinal 0 - 5,000 euros
5,000 — 15,000 euros
15,000 — 25,000 euro
25,000 — 35,000 euro
35,000 euros and mor

N—n

A WNRORWNEIL G

D

N/A = not applicable

Four models were estimated, all of which includeel Yariables age, gender, and ADAS on
new/current car, and in which frequency and mileagd household income and car price
were alternately included. Table 8.6 shows the rapdif the respondent characteristics used
in model estimation. For most of the charactemsstithe coding was straightforward,
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corresponding with the measurement scale. Dummingoslas applied to household income,
since it was only measured on three quite broachalrtevels.

Table 8.7 presents the outcomes of the four estunaitodels with respect to model fit. It can
be concluded that the model including mileage amnzkef car leads to the best model fit; i.e.
lowest -2LogLikelihood (or highest likelihood) arghest Nagelkerke R2. Consequently,
these characteristics were chosen to be includdteimodel..

Table 8.7: Performance of potential models

Model including -2LogLikelihood | Nagelkerke R2
Frequency of car use  Household income 2608.032 20.19
Frequency of car usg Price of car 2597.420 0.198

Mileage Household income 2609.712 0.191
Mileage Price of car 2591.920 0.201

8.5 Results: utility of buying ADAS for private car users

The model presented in Table 8.8 shows the utiligt private car drivers derive from an
ADAS on their new or current vehicle, influenced bgrtain deployment incentives, and
respondent characteristics. With regard to therpnétation of the coefficients B in this
model, these are the part-worth utilities derivezhf the attribute levels. As a result of the
logit model applied, an overall utility of zero cesponds to a 50% probability that the user
will buy the corresponding ADAS.

Focusing firstly on the choice attributes, it candoncluded that the cost of the ADAS has the
highest effect on utility. The utility decreasesanbetween 100 and 750 euros, and is, not
surprisingly, lowest for 1,500 euros. The influeradgpremium reduction is smaller but still
substantial. The utility increases most betweemd 26%, which could be interpreted as the
presence of a reduction being slightly more impdrthan the height of this reduction. In
contrast to what was found for the actors, theedéffit types of ADAS do influence the users’
utility. More utility was derived from the Safe Ding Assistants as compared to the Speed
Assistant and the Congestion Assistant. Howevee, ldtter effect is not statistically
significant at the p = 0.05 level, so the Congesissistant and the Speed Assistant were
considered to have similar effects in further uiséhe model.

The user characteristics entered in the model hawederate effect on the overall utility. The
older the users are, the less utility they derngenf buying an ADAS. The second finding
relating to user characteristics is that womenvedess utility from an ADAS than men.

An interesting finding from the car use characterssis that utility of an ADAS decreases

with increasing mileage of the user. The explamatar this depends on what users consider
to be the main benefits of ADAS. However, the figlidoes suggest that the users’
confidence in their driving skills, or how comfdsta they are in driving a car, could play a

role.

Finally, the car characteristics show that usersvedess utility from having an ADAS on

their current car than on a new car, and thatyiiicreases substantially with the price of the
car. The latter can be explained by the fact thatdost of an ADAS is relatively less when
buying a more expensive car, but some other badkgr@ffects like image or status could
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also play a role. The cost of the ADAS probablygitays a role in the difference between
having an ADAS on a new car or on a current car.

Table 8.8: Choice model of private car users

USER MODEL B S.E Wald df Sig. Exp(B)
Constant 0.136 0.277 0.241 1.000 0.624 1.145
ADAS

Speed Assistant - -

Congestion Assistant -0.186 0.120 2.399 1.000 0.121 0.830
Safe Driving Assistal 0.51¢ 0.11¢ 20.34: 1.00(¢ 0.00( 1.68(
Cost

100 eur - -

750 eur -1.241 0.11:  120.19¢ 1.00¢ 0.00(¢ 0.28¢
1500 eur -1.64( 0.122  179.81« 1.00¢ 0.00(¢ 0.19¢

Premium reductio
0% - -

25% 0.64< 0.12C 28.76: 1.00C 0.00( 1.90¢
50% 0.85¢ 0.12¢ 47.98( 1.00C 0.00( 2.34¢

User characteristic

Age (years -0.007 0.00¢ 3.40( 1.00(¢ 0.06¢ 0.99:

Gender (male = 0; female = -0.20¢ 0.10% 3.97¢ 1.00(¢ 0.04¢ 0.81:

Car use characteristics

Mileage -0.11(C 0.043 5.51: 1.00(¢ 0.01¢ 0.89¢
0 - 5.000 km =

5.000 - 10.000 km =

10.000 - 20.000 km =
20.000 - 30.000 km =
30.000 km and more =

Car characteristic

ADAS on new or current ¢ -0.50¢ 0.101 25.08¢ 1.00(C 0.00c 0.60¢
ADAS on new car =
ADAS on current car =

Car price 0.20¢ 0.047 19.69( 1.00c¢ 0.00(¢ 1.23:
0 -5.000 euro =
5.000 -15.000 euro =
15.000 - 25.000 euro =
25.000 - 35.000 euro =
35.000 euro and more :

Nagelkerke R squa 0.201
-2 Loglikelihooc 2591.92I

What does this all teach us about the probabilthes users are going to purchase an ADAS?
To give an idea, a number of simulations are peréat with the model from Table 8.8. Three
user types and three ADAS were selected, basedose ttharacteristics that lead to the most
extremely positive and extremely negative valuesdpt for age: an interval of 25-65 was
chosen), and an intermediate value. This resules total of nine simulations, of which the
outcomes are presented in Table 8.9.
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Table 8.9: Choice probability simulations with userchoice model

User characteristics
man, age 25, | man, age 45 woman, age
0-5,000 km | 10,000 — 20,000 km | 65
new car: current car: 30,000 km +
35,000 euros + 15,000 — 25,000 current car:
euros 0-5,000
euros
congestion Assistant| - 28.3% 9.9% 3.9%
’ . . (V=-0.930) (V=-2.211) (V=-3.198)
no premium reduction
Speed Assistant
Choice | 750 euros 57.4% 27.2% 12.2%
attributes | 25% premium (V=0.299) (V=-0.982) (V=-1.969)
reduction
Safe Driving Assistant
100 euros 90.6% 72.9% 50.0%
50% premium (V=2.269) (V=0.988) (V=0.001)
reduction

Table 8.9 shows that there is considerable heteamein the model outcomes, caused by
both the choice attributes and the user charatitarisThis means that the influence of
different ADAS, and most of all the financial in¢ees, have an important influence on the
user’'s decision to adopt an ADAS. Furthermore, uBer characteristics play an important
role in this decision, indicating that there is siolerable heterogeneity in that respect.

8.5.1 Use of the model in further analysis

In further analysis, simulations of user choicedliffierent choice situations are to be used,
based on this model (see Chapter 9). These simntaghould result in the probability that a
new car will be equipped with an ADAS, independehthe type of user, and as such an
overall average over all users of the probabiligttthey will buy an ADAS on their new car.
Based on the respondent characteristics, the d¢ursample can be considered as
representative for Dutch car users. This meansvbeall model can be used for the required
simulations.

Since the user, car use, and car characteristes@r varied in the simulations, a revised
model is necessary, including only the choice aitas, in order to produce the required
simulations. Two revised models were estimated, inaeiding also the new car/current car
variable next to the choice attributes, and one/ amtluding the choice attributes. In the
estimation of these models, only those variablesused that were statistically significant at
the p = 0.05 level (see Table 8.10 and 8.11).
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Table 8.10: Revised user model including choice atbutes and new car/current car

variable

REVISED USER MODEL | B S.E Wald df Sig. Exp(B)
Constant - -
ADAS
Speed Assistant - -
Congestion Assistant - -
Safe Driving Assistal 0.56¢ 0.097 33.93¢ 1.00¢ 0.00¢ 1.76¢
Cost

100 eun - -

750 eur -1.27¢ 0.10C  162.15: 1.00¢ 0.00¢ 0.28(
1500 eur -1.63¢ 0.111 216.55: 1.00¢ 0.00¢ 0.19¢
Premium reductio
0% - -
25% 0.54: 0.10(¢ 29.57: 1.00¢ 0.00¢ 1.72(
50% 0.75¢ 0.10¢ 51.92¢ 1.00¢ 0.00¢ 2.12¢
Car characteristic
ADAS on new or current ¢ -0.54¢ 0.08¢ 38.70¢ 1.00¢ 0.00(¢ 0.57¢

ADAS on new car =

ADAS on current car =

Nagelkerke R squa 0.26:
-2 Loglikelihooc 2624.30!
Table 8.11: Revised user model including choice atbutes

REVISED USER MODEL Il B S.E Wald df Sig. Exp(B)
Constant -0.357 0.106 11.325 1.000 0.001 0.4
ADAS

Speed Assistant - -
Congestion Assistant - -

Safe Driving Assistal 0.58i 0.10( 34.22¢ 1.00(¢ 0.00( 1.79¢
Cost

100 eur - -

750 eur -1.20¢ 0.111  116.81( 1.00¢ 0.00(¢ 0.30(¢
1500 eur -1.57¢ 0.11¢  175.86! 1.00¢ 0.00( 0.207
Premium reductio

0% - -

25% 0.59¢ 0.11¢ 26.33: 1.00¢ 0.00( 1.81¢
50% 0.80: 0.11¢ 45.38: 1.00¢ 0.00( 2.23(
Nagelkerke R squa 0.16¢

-2 Loglikelihooc 2652.35!

99

In order to determine the quality of these simoladi the choice data resulting from the
holdout profiles were compared with simulationsigans of these models (see Table 8.12).
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Table 8.12: Comparison between model simulations drholdout data of user choice for
ADAS

Data Model | Difference
# %
Congestion Assistant | New car 64| 49.2% 50.0% 0.8%
100 euros Current car 49| 40.8% 36.6% -4.2%
no premium reduction | Total sample] 113 45.2% 41.2% -4.0%
Speed Assistant New car 19| 14.6% 25.0% 10.4%
1,500 euros Current car 15| 12.5% 16.2% 3.6%

25% premium reduction Total sample] 34| 13.6% 20.8% 7.2%

The forecasts of the profiles, including the ConigasAssistant, are better than the forecasts
of the profiles including the Speed Assistant. Heeve the deviations are limited to about
10%, which keeps the probabilities in the same roodenagnitude. It has to be taken into
account, though, that these differences are pregesn interpreting the results of the overall
analysis with the actor and user models (see Ch@jpte

8.6 Discussion

The main issue of this discussion is whether thé&a dszsed in this investigation are

representative enough, and to what extent theywaid. From Table 8.2, it was previously

concluded that the sample is considered representaith respect to gender and age, while
the household outcome was lower than the populaderage. Factors that could have
influenced the results were the fact that the suwas performed within only three days, and
in the middle of July — which is the holiday seasdowever, since the variable income was
not statistically significant in the model, theat@yely low amount of high incomes may not

be a major problem with respect to level of repnésigon. The (presumably) income related
variable car price is, however, a particularly intpat variable in the model. Taking the

influence of car price into account, the model reates for the sample average could be
slightly conservative with respect to actual usehsice to buy ADAS.

The validity of this survey is mainly influenced bye fact it is a snapshot in time. Possible
issues in this respect may be the presence ofrddit crisis in the summer of 2009, as a
result of which people may be less willing to spemzhey. In addition, the credit crisis led to
less congestion on the roads, which may have infle@ users’ perceptions of the problem ,
as a result of which their needs with respect tAASDsuch as the Congestion Assistant, may
have decreased. Furthermore, at this moment in heeeneral knowledge about ADAS is
not yet very high, which may lead to very differ@atrceptions of the ADAS, which could be
influenced by more information or experience witbDAS. In summary, it should be taken
into account that the outcomes of this investigagoe most valid in the current situation,
which means that the probability that users chaosbuy an ADAS, resulting from the
model, should be considered as an initial probabili

8.7 Conclusions

8.7.1 Conclusions regarding the user model

Users derive more utility from the Safe Driving i8tmnt than the Speed Assistant and the
Congestion Assistant

A statistically significant difference between titdity users derive from the different ADAS
was found, as opposed to what was found as a m&sthle actor survey. Users were found to



146 Getting ADAS on the Road

derive more utility from buying a Safe Driving Astnt, than to buying a Congestion
Assistant or a Speed Assistant. This could be chhgehe fact that the latter two are more
intervening than the Safe Driving Assistant, sinsers are reported more often to prefer less
intervening systems (e.g. Adell et al., 2008, VareDand Van Arem, 2005; Marchau et al.,
2001). Users might also have preferred this systsmma combination of most of the
functionalities of the two other systems.

Financial incentives have a substantial influencetbe probability that users will buy an

ADAS on their new car

Simulations with the user model show that, depemndam the conditional factors, the

probability that users choose to buy an ADAS onrthew car is between 15% and 80%. If
the ADAS is the Safe Driving Assistant, the proliibthat users choose to buy an ADAS on
their new car is between 31% and 80%, and if theAB0Os the Speed Assistant or the
Congestion Assistant, this probability is betwe&doland 68%. If the cost of an ADAS is

lowered to 100 euros, this probability is at |e84¥% for the Safe Driving Assistant and 50%
for the other ADAS. If there is no reduction on tmsurance premium, the maximum

probability is reduced to 64% for the Safe DriviAgsistant and 50% for the other ADAS.

Consequently, the cost of the ADAS has a higherichpn the probability that users choose
to buy an ADAS, than the monthly insurance premium.

It is more likely that car users purchase an ADASamew car than on their current car

It was found that the utility of buying an ADAS whgher for respondents that were asked if
they would buy ADAS on a new car, than for respotisi¢hat were asked if they would buy
an ADAS on their current car. Possible causes coelate to the fact that when already
spending a certain amount of money on a car, buymAgDAS is a relatively low investment,
compared with the hassle that comes with havingADAS installed in a current car.

There is a large heterogeneity among users witheeisto the choice for an ADAS

It was found that user, car use, and car charattsi— age, gender, mileage, and car price —
significantly and substantially influence the prblhigy that a user chooses to buy an ADAS.
Consequently, since the explained variance of tbdahat 0.201 (Nagelkerke R?) is relatively
low, there is still considerable unexplained hegereity in the model, which is probably
related to individual preferences.

8.7.2 Relevance of the results for ADAS deployment

Structure of the model of actors’ interactions IDAS deployment

The results of the user survey show statisticalniicant effects of the stimulating
deployment actions of public authorities and ineaeacompanies, and as such the relations
between these actors’ deployment actions and ueece can be confirmed. While only one
deployment action of the automotive industry wassidered (i.e. ADAS as optional
equipment on a new vehicle), the results show Wian public authorities and insurance
companies do nothing, about 15% of the users chib@sADAS. In addition, the automotive
industry is also able to influence the price of ABAand as such influence the users’ choice.
Consequently, the relation between the automotidestry’s deployment actions and users’
choice can also be confirmed. This means no futhanges have to be applied to the model
of actors’ interactions in ADAS deployment.
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Expectations regarding ADAS deployment

Without any specific incentives, and presuming ttat price level of an ADAS is indeed
around 1,500 euros, the results show that theagorebability of about 15% that users choose
to buy a Speed Assistant or Congestion Assistamt,aaprobability of about 30% that they
choose to buy a Safe Driving Assistant. Apparenibers are more interested in informing
systems than more intervening systems. Howevegesihe effectiveness of informing
systems can be lower than for more interveningesyst(e.g. Carsten and Tate, 2005), actors
such as public authorities would require a highrebpbility of choice, and as a result a higher
number of cars equipped, in order to achieve thigctives.

If actors seek to stimulate users’ choice to buABAS, the results of the user survey show
that applying a reduction on the purchase costs praye to be more effective than a
reduction on the monthly insurance premium. In cheteing the value of the financial
incentives to be applied, the reported non-lingaat the utility functions of costs and
premium should be taken into account. Since tHeyutif buying an ADAS on a current car
is reported to be lower than on a new car, higheentives may be necessary if there is a
need to pursue retrofitting of ADAS.

The reported heterogeneity in the utility usersvadefrom buying an ADAS, can be addressed
by (mixed) strategies of actors to stimulate thepdidn rate in the most effective way. If the
objective of an actor is to make a profit out ofisg ADAS (e.g. the automotive industry),
they could aim first at target groups with a higbkability of choosing to buy an ADAS, and
aim at other groups later, when they have beentali@ver the price. If the objective of an
actor is to increase traffic safety or reduce catige (e.g. public authorities), they could
stimulate the target groups from which most effiecexpected. For example, those target
groups that are reported to be more accident prandrive more often in congestion than
others, and so simultaneously derive a relativaly utility from buying an ADAS (e.g. speed
offenders).

Whatever the cause, this means that when the aiactofs is to apply retrofitting, more or
higher incentives are needed to reach the samdiadapte among current vehicles, when
compared with new vehicles.
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9 Application of the model of actors’ interactions:
expectations regarding ADAS deployment

How is ADAS deployment expected to develop, gives knowledge about the probability of
actors’ and users’ deployment actions? Moreovew hce these expectations influenced by
the different deployment strategies that were idiedt for the automotive industry and
insurance companies? This chapter explores deplayseenarios, based on the updated
model of actors’ interactions in ADAS deploymenheTresults of the actor and user surveys
are used as input to several simulations of depbdsyrscenarios, resulting in the probability
of these deployment scenarios, and their outcomedsyms of the probability that users buy
an ADAS. The results show that there is a fair plolity that ADAS will be deployed, and
deployment options of public authorities can bey\adfective.

149
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9.1 Introduction

ADAS deployment is conceptualized in this dissestafis a system of interactions between
actors, which influences the deployment rate of ADBased on the literature, a conceptual
model of this system of actors’ interactions in ABAleployment was established (see
Chapter 3 and 4). The existence of the assumetibredebetween the actors in this model was
validated, based on empirical data of actors’ axtBons, resulting in the updated model of
Figure 9.1. Compared to the original model, onle timteractions between insurance

companies on the one side, and public authoritresthe automotive industry on the other
side, could not be confirmed by the data.

Public Insurance
Authorities Companies

*

5y
g vV v
< | Automotive | User
E Industry
<
A |
<
v
ADAS Deployment rate

Figure 9.1: Updated model of actors’ interactionsn ADAS deployment

Based on the stochastic model developed to desttibeeonceptual model mathematically,
deployment scenarios can be simulated. The empiudiata of actor and user deployment
actions is used as input to these simulations.ptinpose of the simulations is to explore the
probability of deployment scenarios based on actotsractions, and the outcomes of these

deployment scenarios in terms of the probabiliigt thsers will buy an ADAS on their next
new car.

9.2 Simulations with the model of actors’ interactions in ADAS
deployment

9.2.1 Methodology

Figure 9.2 presents the steps in the simulatiateofsion scenarios with the stochastic model
of actors’ interactions in ADAS deployment (seealhapter 4).
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condition

D():X
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Calculate Actor models
—
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Figure 9.2: Simulation of deployment scenarios

Step 1: Starting condition: deployment scenaripp=R

The starting condition is the deployment scenatitinae t=0, represented by the stochastic
variableD,, with outcomex, being a combination of deployment actions ofaaliors. These
deployment actions, are drawn from the set of available deploymenfomstd.q(a) (see
Chapter 5).

Step 2: Calculate probability of deployment sceodi=y

This step includes all possible outconyesf the deployment scenario at tirtwl, which is
represented by the stochastic varidbie The time step front=0 to t=1 resembles a decision
round in which actors can reconsider their firdgtag knowing the actions of the others. Like
X, y is a combination of deployment actiopsof all actorsa, drawn from the set of available
deployment optiond,q(a).

For each deployment actigr the probabilityP(D; =ya)|Do=x) that an actor is going to take
this deployment action, given the deployment sderert=0, is derived from the models of
actor decision-making (see Chapter 6 and 7). Thbglility P(D1=y|D¢=x) that deployment
scenarioy occurs given the starting conditioy is calculated as the product of the
probabilitiesP(D; i=Ya|Do=X).

Step 3: Calculate probability that user will buy AB on next new car

For each deployment scenayiothe probabilityP(C=1)|D;=y) that users will buy an ADAS
on their next new car, given the deployment scenatrt=1, is derived from the models of
actor decision-making (see Chapter 8). The prolplf{C=1|Dy=x) that users will be to buy
an ADAS on their next new car, given starting ctiodix, is calculated as the sum of the
products ofP(C=1|D;=y) andP(D:=y|D¢=x) for all possible deployment scenarios
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9.2.2 Specification of the simulation input

The necessary input to the simulation consists hef actors’ deployment options, the
probability that actors take a certain deploymetiba, given the deployment scenarid=Q,
and the probability that users will buy ADAS on itheext new car, given the deployment
scenario at=1.

Actors’ deployment options

Table 9.1 shows the actors’ deployment optionsuthetl in the simulations. These are the
same as those used in the actor survey, excemidorance companies, for whom optional
and standard premium reduction was merged to op®yteent option. Note that the option

‘other’ was only included in the actor survey apassible reaction, but not as part of the
current deployment scenario presented to the regms.

Table 9.1: Overview of actors’ deployment options

Actor Deployment options

Public authorities | Do nothing
1,500 euros tax reduction for vehicles with ADAS
Mandate ADAS for all vehicles by legislatin
Other

Automotive Do nothing

industry ADAS is optional equipment for all new vehicles
ADAS is standard equipment for all new vehicles
Other

Insurance Do nothing

companies Up to 25% premium reduction for safe driving uskigAS
Other

Probability that actors take a deployment action

The probabilityP (D1 =Ya|Do=x) was derived from the models estimated for all dgplent
actionsy, of actorsa, given deployment scenario More specifically, the revised models
were used that were estimated based on statigtisigihificant attributes only (see Sections
6.5.5 and 7.3). The small effects of the ADAS thate still present in the revised models
were ignored in the probability simulations. Thelpabilities over all deployment options of
an actor, given a certain starting condition, werermalized to correct for small
inconsistencies in the models.

The starting conditions to be considered for publithorities’ reactions can be limited to the
deployment actions of the automotive industry dsbe Table 9.2).

Table 9.2: Probabilities of public authorities’ dedoyment actions

Automotive Probabilities of public authorities’ reaction’
industry’s action | Do Nothing| Tax Reduction Mandate Other
Do nothing 0.623 0.200 0.082| 0.096
Option 0.536 0.283 0.084| 0.098
Standard 0.707 0.121 0.079| 0.098

* Based on revised model of public authorities’fpabilities (Table A.2, Appendix A)

' The ‘mandate’ deployment option included in theoamodels applied to all vehicles, whereas theukitions
only applied to new vehicles. This is assumed, hawneto be of little influence to the eventual riéswf the

simulations.
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The starting conditions to be considered for th@motive industry’s reactions can be limited
to the deployment actions of public authoritiesyoriRegarding the probabilities of the
automotive industry’s deployment actions, threéedént subgroups of respondents expecting
a different strategy were identified, characteggzithe automotive industry as an Active
Deployer, a Reluctant Deployer, or an Adaptive Dget. Table 9.3 includes the probabilities
for each of these strategies, and an overall aedsaged on the magnitude of the subgroups.

Table 9.3: Probabilities of the automotive industrys deployment actions

Automotive industry’s strategy | Public authorities’ | Probabilities of automotive industry’s reaction

action Do Nothing Option Standard Other

Active deployer (56.6% of Do nothing 0.193 0.564 0.205 0.037
respondents) Tax reduction 0.114 0.524 0.328 0.034
Mandate 0.044 0.489 0.434 0.032

Reluctant deployer (22.2%) Do nothing 0.658 0.282 0.056 0.0043
Tax reduction 0.453 0.423 0.111 0.0172

Mandate 0.197 0.182 0.527 0.095

Adaptive deployer (22.2%) Do nothing 0.316 0.538 0.146 0.00(
Tax reduction 0.156 0.531 0.313 0.00(

Mandate 0.001 0.000 0.999 0.00(

Overall average Do nothing 0.324 0.496 0.159 0.021
Tax reduction 0.198 0.503 0.276 0.027

Mandate 0.069 0.312 0.580 0.034

* Based on revised models of automotive industpytshabilities (Table 7.9 — 7.11, Chapter 7)

The reactions of insurance companies are indep¢déne starting conditions. With regard

to the probabilities of insurance companies’ depiegit actions, three different subgroups of
respondents expecting a different strategy wenatifiled, characterizing insurance companies
as an Active Deployer or a Non-Deployer. Tableifcludes the probabilities for both these
strategies, and an overall average based on theitudg of the subgroups. The probabilities
for both optional and standard premium reductiomewsimmarized into one probability for

‘premium reduction’.

Table 9.4: Insurance companies’ strategies

Probability of insurance companies’ action
Insurance company type Do nothing Premium reduction  Other
Active deployer (57.1% of respondents) 0.233 0.649 0.118
Non-deployer (42.9%) 0.793 0.191 0.017
Overall average 0.473 0.452 0.075

*Based on revised models of insurance companiediadrilities (Table 7.14 — 7.15, Chapter 7)

Probability that users will buy ADAS on next new ca

The probabilityP(C=1|D,=y) was derived from the estimated model of usersiaehto buy

an ADAS on their next new car. More specificallgetrevised model that was used was

estimated based on statistically significant atiiés only, except the variables that explain

individual variation from the estimation (see TaBI&0). It was assumed that the user sample
is representative, and as such will result in pbdliges that can be used as an overall average
for individual car buyers in the Netherlands. Apoged to what was found for the actors, the
type of ADAS does make a difference in the probgbihat users will buy an ADAS, which

Is included in Table 9.5.
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The deployment actions of public authorities anglilance companies were included in the
model by means of ADAS purchase costs, and reduaio monthly insurance payments.

When public authorities do nothing, this is consgdeto be equivalent to an ADAS cost of

1,500 euros, and a tax reduction with a cost of é0®s. For insurance companies, doing
nothing is considered to be equivalent to a 0% prenreduction, and premium reduction

with 25% premium reduction.

Table 9.5: Probabilities of users buying an ADAS ortheir next new car in different
deployment scenarios

Probability that user buys ADAS on new car
Industry | Public authorities | Insurance companies| Speed Assistant / S o .
. ) afe Driving Assistant
Congestion Assistant
Do nothing; or
Do Tax reduction; or | Any action 0.000 0.000
nothing Other
Mandate Any action 1.000 1.000
Do nothing 0.163 0.255
Do nothing Premium reduction 0.250 0.371
Other 0.163* 0.255*
Do nothing 0.500 0.638
Option Tax reduction Premium reduction 0.632 0.752
Other 0.500* 0.500*
Mandate Any action 1.000 1.000
Do nothing 0.163* 0.255*
Other Premium reduction 0.250* 0.371*
Other 0.163* 0.255*
Standard | Any action Any action 1.000 1.000
Other Any action Any action undefined undefined

* These probabilities are related to deploymentnades in which at least one of the actors applieel
deployment action “other”. The values of these philities are assumed to be this value or higher.

All deployment scenarios in which the automotiveustry does nothing automatically lead to
a probability of O that a user buys an ADAS on w mar, since ADAS are then simply not
available. Accordingly, all deployment scenariosmiich the automotive industry applies an
ADAS as standard equipment, and/or in which pudlithorities mandate an ADAS, lead to a
probability of 1 that a user buys an ADAS on a reaw. If the automotive industry takes an
‘other’ action this probability is undefined, anfdpublic authorities or insurance companies
taken an ‘other’ action the probability is presents equal to when these actors are doing
nothing.

A remark with respect to the figures in Table 9&ads to be made. These figures could easily
be mistaken for deployment rates, while they regareprobabilities that users buy an ADAS.
These probabilities equal the deployment rate amiger specific conditions: if ADAS are
available on every new car, and if all users haugght a new car. As such they represent the
maximum deployment rate (or market penetration) tam be reached under certain stable
deployment actions and stable user choices ovex. tim

9.2.3 Uncertainties regarding model input

There are several sources of uncertainty relatédetanodel input that can be of influence on
the results of the simulations, including the nataf the data based on which the actor and
user models were estimated, the operations on #ia ©h the simulation model, and
individual variations among the respondents.
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The simulation input with respect to the probapithat actors take a deployment action, and
the probability that users buy an ADAS on their tneew car, is based on stated preference
data. This type of data is often reported to be éoptimistic when compared to actual
decision-making, i.e. people overstate their ecdnosluation of a good (e.g. Murphy et al.,
2005). However, the types of questions used inattter and user surveys are expected to
have reduced this potential bias. In the actor eyyrvespondents were asked to make a
probability distribution over 4 deployment actiosslding up to 100%. As such, they were
forced to make a trade-off between their deploynaetibns. This is assumed to have reduced
potential bias, which may be supported by the ncoreservative outcomes of this part of the
survey, compared to the individual utility rating$ the respondents (see Chapter 6). In
addition, the fact that respondents were askeddcate the probabilities for their sector, and
not for themselves, may have positively contributethe representativeness of the results. In
the user survey, respondents were presented veitioiae task, which is expected to result in
more realistic data than individual utility ratingglurphy et al., 2005). It is concluded that
bias is probably present in the data, which isasag$ possible compensated by the method of
questioning. Due to the path finding nature of tieisearch project, realistic data to validate
the outcomes are not available. The results shdb&tefore be considered as actor
expectations regarding ADAS deployment, rather tlana correct forecast of ADAS
deployment. These expectations might be optimistic.

While there is a substantial amount of confidemcthe data, a certain degree of error is likely
to be present. Thus combination of the data by emagtical operations, such as is performed
by the simulations, may magnify errors presentha tata. In a similar manner to the

outcomes of the stated preference experimentsstiealata are not available to validate the
outcomes of the simulations. It was therefore dstidot to present the outcomes of the
simulations as single probabilities that users kily an ADAS on their next new car, but as a
probability distribution over possible outcomesisTteduces the amount of operations on the
data, and avoids the suggestion of a single pastiilire regarding ADAS. In any case, this

approach better fits the available data.

In the actor survey, individual variations were ridy from which subgroups of respondents
with different deployment strategies could be idfeed. Since the number of respondents was
relatively small, as some of the subgroups weras itincertain how much value can be
attached to the size of the subgroups; and, asult,ré the overall average is representative
for overall deployment development. It was therefdecided to run simulations for both the
average, as well as the combinations, of the mostearvative and the most progressive
strategies of the automotive industry and insuraoempanies, which then represent a
bandwidth of expectations regarding ADAS deployment

In summary, there is confidence in the stated peefse data, but since errors may still be
present, it was decided to reduce the amount ofatipes on the data, and present the
simulation outcomes as a distribution, rather thama single figure of the probability that
users will buy an ADAS on their next new car. Ird#idn, since there is uncertainty about the
representative character of the subgroups, sinonlativere run of the combinations of the
most conservative and the most progressive stestegext to the overall average.
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9.3 Definition of deployment scenarios to be simulated

It was stated previously that the purpose of theasrilations is to explore the probability of
deployment scenarios, based on actors’ interactiang the outcomes of these deployment
scenarios, in terms of the probability that useitsbmy an ADAS on their next new car.

As a reference case, the starting condition offitse simulation was that all actors are doing
nothing att=0. As a result they can all change their deploynaetibn att=1. This reference
case involves no interaction between the actorsortter to explore the effects of single
actors’ actions, the other starting conditions Imgd one actor taking action, and the other
actors doing nothing @t0. Only those deployment actions are consideredltiaae options
open for other actors to influence ADAS deploymditte other actors can react to this action
att=1, while the action of the actor that was actingtfiemains the same.

It was decided to run the simulations only for 8geed Assistant and Congestion Assistant,
since no statistically significant differences beén these ADAS were reported for the actors
and the users. The results can easily be reachéo6afe Driving Assistant, exchanging the
probabilities presented in Table 9.5.

Each simulation was run for three different combores of strategies of the automotive
industry and insurance companies, the sample awgeragnservative strategies, and
progressive strategies. The combination of consee/atrategies included the automotive
industry as a Reluctant Deployer, and insurance peomes as a Non-Deployer. The
combination of progressive strategies included motove industry and insurance companies
as an Active Deployer.

This leads to a total of six simulations, of whieach was run three times to cover the
different strategy combinations. Table 9.6 give®a@rview of the simulations.

Table 9.6: Simulations with the data

# | ADAS Starting condition Deployment scenario Stratgies
1 | Speed Assistant/ | All: Do Nothing All: any deployment option All
Congestion Conservative|
Assistant Progressive
2 | Speed Assistant/ | Public Authorities: Do Nothing | Public Authorities: Do Nothing | All
Congestion Others: Do Nothing Others: any deployment option | Conservative|
Assistant Progressive
3 | Speed Assistant/ | Public Authorities: Tax Public Authorities: Tax Reductionh All
Congestion Reduction Others: any deployment option | Conservative|
Assistant Others: Do Nothing Progressive
4 | Speed Assistant/ | Automotive Industry: Option Automotive Industry: Option All
Congestion Others: Do Nothing Others: any deployment option | Conservative|
Assistant Progressive
5 | Speed Assistant/ | Insurance Companies: Do Insurance Companies: Do All
Congestion Nothing Nothing Conservative|
Assistant Others: Do Nothing Others: any deployment option | Progressive
6 | Speed Assistant/ | Insurance Companies: premium| Insurance Companies: premium| All
Congestion reduction reduction Conservative)
Assistant Others: Do Nothing Others: any deployment option | Progressive
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9.4 Results: probability that users will buy an ADAS

9.4.1 Presentation of the results

According to the algorithm used for the simulatidqsse Figure 9.2), the outcomes of the
simulations could be given as a single figure, @spnting the probability that users will buy

an ADAS on their next new car, given a certaintstgrcondition. Presenting the outcomes in
such a way would conceal the uncertainty relatethése outcomes. Consequently, it was
decided to show probability distributions over @lbssible outcomes in terms of the

probability that users will buy an ADAS on theina@ew car. These probability distributions

are presented by means of pie-charts.

Presenting all outcomes in one pie-chart, howewenld not be a correct representation of
the data. The probability of deployment scenarsdsased on probability distributions over all
actors’ deployment actions; whereas the reactiaghefisers was only measured for a limited
number of deployment scenarios (i.e. those thatdgbossibility to choose for the users).
Consequently, the outcomes were presented by meftw&o pie-charts. The first one
represents the probability distribution over depteyt scenarios that involve no deployment
of ADAS (probability that users will buy an ADAS=B), stimulation of ADAS adoption
(O<P<1), and forcing of ADAS adoption (P=1). Themad one represents the probability
distribution over the different probabilities thasers will buy an ADAS related to the
different stimulation options of public authoritiasd insurance companies. This is a further
specification of the area in the first pie-chamtthepresents stimulation of ADAS adoption
(O<P<1).

In order to explain this, Figure 9.3 is used aserample. The pie-chart on the left in this
figure shows that there is a probability of 30%ttA®DAS will not be deployed (i.e. the
automotive industry does nothing), 46% that it W@l stimulated by one or more actors, and
23% that adoption will be forced by the automotimelustry or public authorities. The
remaining 2% represent the deployment scenarieghioh the automotive industry takes an
unknown ‘other’ deployment action. The pie-charttbe right specifies the light grey area
(46%) of the pie-chart on the left. It shows tHaADAS adoption is stimulated by one or
more actors, the probability is 43% that stimulatioptions are used that result in a
probability that users buy an ADAS of 0.163, etc.

If 0 < P(ADAS on new car) <1

2%

O P(ADAS on new car) = 0 OP(ADAS on new car) = 0.163
D0 < P(ADAS on new car) < 1 OP(ADAS on new car) = 0.250
EP(ADAS on new car) =1 O P(ADAS on new car) = 0.500
B Undefined B P(ADAS on new car) = 0.632

Figure 9.3: Distribution of probability of ADAS on a new car — all actors, all strategies
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To avoid confusion, the probabilities of the deph@nt scenarios, and the probabilities that
users will buy an ADAS, are presented on diffeisraties; the probabilities of the deployment
scenarios on a scale of 0% to 100%, and the priioebithat users will buy an ADAS on a
scale of O to 1.

9.4.2 Simulation 1: Reference case

It can be concluded from Figure 9.3 that, accordmghe actors, there is a fair probability
that ADAS will become available as an option (46%¥$tandard to new cars (23%). If ADAS
are available as an option, it is most likely ttegt probability that users will buy an ADAS on
their next new car is 0.163-0.250. Nevertheless, gtobability that users will not buy an
ADAS on their new car is substantial (30%). Fig@d shows the results for the most
conservative strategies of the automotive indusitiy insurance companies. Figure 9.5 shows
the results for their most progressive strategies.

If 0 < P(ADAS on new car) <1
0% 4%

d

OP(ADAS on new car) = 0.163

OP(ADAS on new car) =0

00 <P(ADAS on newcar) <1
EP(ADASon newcar) =1
B Undefined

O P(ADAS on new car) = 0.250
@ P(ADAS on new car) = 0.500
B P(ADAS on new car) = 0.632

Figure 9.4: Distribution of probability of ADAS on a new car — all actors, conservative

strategies

3%

OP(ADAS on new car) =0
OO0 < P(ADAS on new car) < 1
B P(ADAS on newcar) =1

Bl Undefined

If 0 < P(ADAS on new car) <1

O P(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250
O P(ADAS on new car) = 0.500
B P(ADAS on new car) = 0.632

Figure 9.5: Distribution of probability of ADAS on a new car — all actors, progressive

strategies
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Figure 9.4 and Figure 9.5 show that there is aelasgread in the distributions of the

probabilities, due to possible different strategiésthe automotive industry and insurance
companies. The probability that ADAS will not bearavailable varies between 18% and
61%, the probability that ADAS will be available ass option on new cars between 26% and
52%, and the probability that ADAS will be availabbn each new car between 13% and
27%. The probability that a new car will be equiggpeith an ADAS varies between 0.163

and 0.250, as the most likely values under consigevand progressive strategies.

In summary, it can be seen that possible strateapedied by the automotive industry and
insurance companies can have a substantial impadhe probability of a new car being
equipped with ADAS. Nevertheless, an interpretatafnthese results can be that, in the
reference case in which everyone starts with deoiathing, and there are no interactions
between the actors, there is a fair probabilityt tARAS are going to be available as an
option.

9.4.3 Simulation 2: Public authorities do nothing

Figures 9.6 — 9.8 show that the distribution ofbatalities is very similar to that of the
reference case (see 9.3.2). This is due to thetliattresults of the actor survey reported a
large probability that public authorities will dothing (see input Table 9.2). However, it can
also be observed that the probability that uselisoary an ADAS on their next new car, when
this ADAS is provided as an option, is expecteti¢dower.

In summary, the results of the simulation, basegublic authorities doing nothing, do not
differ significantly from the reference case, sipetblic authorities were not expected to play
an important role.

If 0 < P(ADAS on new car) < 1

2%

OP(ADAS on new car) =0

00 < P(ADAS on new car) <1 —
B P(ADAS on new car) = 1 OP(ADAS on new car) = 0.163
B Undefined OP(ADAS on new car) = 0.250

Figure 9.6: Distribution of probability of ADAS on a new car — public authorities do
nothing, all strategies
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6% 0%

28%
66%

OP(ADAS on new car) =0
OO0 <P(ADAS on newcar) <1
B P(ADAS on new car) = 1

B Undefined

If 0 < P(ADAS on new car) < 1

81%

OP(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250

Figure 9.7: Distribution of probability of ADAS on a new car — public authorities do

nothing, conservative strategies

4%

OP(ADAS on new car) =0
00 < P(ADAS on new car) < 1
BEP(ADAS on new car) =1

B Undefined

If 0 < P(ADAS on new car) < 1

OP(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250

Figure 9.8: Distribution of probability of ADAS on a new car — public authorities do

nothing, progressive strategies

9.4.4 Simulation 3: Public authorities provide 1,500 eurs tax reduction

Figure 9.9 shows that, generally, the probabiligttADAS are deployed increases some 12%
when public authorities apply a 1,500 euros taxucéidn, as opposed to no tax reduction (see
Figure 9.6). This increase mainly affects the pbaliig that user will buy an ADAS on their
next new car. Furthermore, the probability that AB#ill be provided as an option by the

automotive industry is also higher.
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If 0 < P(ADAS on new car) < 1

2%

OP(ADAS on new car) =0

00 < P(ADAS on newcar) <1 —
B P(ADAS on new car) = 1 O P(ADAS on new car) = 0.500
B Undefined B P(ADAS on new car) = 0.632

Figure 9.9: Distribution of probability of ADAS on a new car — public authorities apply
tax reduction, all strategies

Figure 9.10 and Figure 9.11 show that the prolgbihat ADAS will be provided as an
option is stable across the different strategi@844 52%). The main difference with respect
to doing nothing can be observed for conservatixegegies. The result is that, in any case,
the probability that ADAS will be deployed is motlgan 50%. In the case of progressive
strategies, the probability that users will buy ADAS on their next new car, when this
ADAS is provided as an option, is also high, i.&-0.632.

If 0 < P(ADAS on new car) <1

1%

OP(ADAS on new car) =0

OO0 <P(ADAS on newcar) <1 -
B P(ADAS on new car) = 1 @ P(ADAS on new car) = 0.500
B Undefined B P(ADAS on new car) = 0.632

Figure 9.10: Distribution of probability of ADAS on a new car — public authorities apply
tax reduction, conservative strategies
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4%

v

OP(ADAS on newcar) =0
00 < P(ADASon newcar) <1
B P(ADAS on new car) =1

B Undefined

If 0 < P(ADAS on new car) < 1

O P(ADAS on new car) = 0.500
B P(ADAS on new car) = 0.632

Figure 9.11: Distribution of probability of ADAS on a new car — public authorities apply

tax reduction, progressive strategies

In summary, the results show a stable probabilityeployment of ADAS as an option, when

public authorities are applying a 1,500 euros ttuction of 42% to 52% across strategies.

Furthermore, the probability that users will buy ABDAS on their next new car, when
provided as an option, is much larger than wheripalithorities are doing nothing.
These results can be interpreted that providingxaréduction is an effective deployment
action to stimulate other actors to take actioADAS deployment, and for users to buy an

ADAS on their next new car.

9.4.5 Simulation 4: Automotive industry offers ADAS as anoption
Figures 9.12 — 9.14 present the distributions @rebabilities that users will buy an ADAS

on their next new car, if the automotive industffers ADAS as an option. These data are

eligible to be presented in one pie-chart for estcitegy.

OP(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250
@ P(ADAS on new car) = 0.500
E P(ADAS on new car) = 0.632
B P(ADAS on newcar) =1

Figure 9.12: Distribution of probability of ADAS on a new car —the automotive industry

offers optional ADAS, all strategies
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Figure 9.12 shows that, on average, it is mostylikeat the probability that users will buy an
ADAS on their next new car is 0.163 — 0.250. If @ngervative strategy of insurance
companies applies, this probability is most likedybe 0.163, and if a progressive strategy
applies, it is most likely to be 0.250.

OP(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250
B P(ADAS on new car) = 0.500
B P(ADAS on new car) = 0.632
B P(ADAS on new car) = 1

Figure 9.13: Distribution of probability of ADAS on a new car — the automotive industry
offers optional ADAS, conservative strategies

&

OP(ADAS on new car) = 0.163
OP(ADAS on new car) = 0.250
E@ P(ADAS on new car) = 0.500
B P(ADAS on new car) = 0.632
B P(ADAS on new car) = 1

Figure 9.14: Distribution of probability of ADAS on a new car — the automotive industry
offers optional ADAS, progressive strategies

In summary, the probability that users will buyADAS on their next new car, as a result of

the automotive industry offering it as an optiai163 — 0.250, depending on the strategy of
insurance companies. Earlier findings suggestedth®astrategy of insurance companies is
most likely to be conservative (see Chapter 7ait therefore be argued that it is most likely
that the probability that users will buy an ADAS theeir next new car is around 0.163.
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9.4.6 Simulation 5: Insurance Companies do nothing

Figures 9.15 — 9.17 show that, since insurance aamep do not influence the deployment
actions of other actors, the distribution over @tubties that users will buy an ADAS on

their next new car is the same as in the referease (see Figure 9.3 — 9.5). If ADAS is
provided as an option, it was found to be mostyikieat the probability that users will buy an
ADAS on their next new car is about 0.163, undsr strategy.

In summary, the results of the simulation basethearance companies doing nothing do not
differ significantly from the reference case. If AB is provided as an option, the probability
that users will buy an ADAS on their next new Gamost likely about 0.163.

If 0 < P(ADAS on new car) < 1
2%

46% 78%

OP(ADAS on new car) =0

OO0 < P(ADAS on new car) <1 _
B P(ADAS on new car) = 1 OP(ADAS on new car) = 0.163

B Undefined B P(ADAS on new car) = 0.500

Figure 9.15: Distribution of probability of ADAS on a new car — insurance companies do
nothing, all strategies

If 0 < P(ADAS on new car) <1
0%

60%

OP(ADAS on new car) =0

00 <P(ADAS on newcar) <1 _
B P(ADAS on new car) = 1 OP(ADAS on new car) = 0.163

B Undefined O P(ADAS on new car) = 0.500

Figure 9.16: Distribution of probability of ADAS on a new car — insurance companies do
nothing, conservative strategies
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If 0 < P(ADAS on new car) < 1

3%

78%

OP(ADAS on new car) =0

00 < P(ADAS on new car) <1 _
B P(ADAS on new car) = 1 O P(ADAS on new car) = 0.163

B Undefined O P(ADAS on new car) = 0.500

Figure 9.17: Distribution of probability of ADAS on a new car — insurance companies do
nothing, progressive strategies

9.4.7 Simulation 6: Insurance Companies offer 25% premiunreduction

Figures 9.18 — 9.20 generally show the same pi@sifiéigures 9.15 — 9.17, in that there is no
difference with respect to the reference case. diilg difference is in the probability that
users will buy an ADAS on their next new car, wheovided as an option, which is most
likely to be 0.250, when insurance companies af2b6% premium reduction.

In summary, when insurance companies apply a 2%¥ipm reduction, as opposed to doing
nothing, the probability that users will buy an ABAn their next new car, if this ADAS is
provided as an option, increases from 0.163 to M.Z%is effect can be interpreted as
relatively small, compared to that which publictaarities can achieve with tax reductions.

If 0 < P(ADAS on new car) < 1
2%

46% 78%

OP(ADAS on new car) =0

OO0 < P(ADAS on new car) <1
=] P(ADAS on new car) =1 O P(ADAS on new car) =0.250

B Undefined B P(ADAS on new car) = 0.632

Figure 9.18: Distribution of probability of ADAS on a new car — insurance companies
apply premium reduction, all strategies
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If 0 < P(ADAS on new car) < 1

0%

60%

78%

OP(ADAS on new car) =0

OO0 < P(ADAS on new car) <1
@ P(AD,(AS on new car) = 1) O P(ADAS on new car) = 0.250

W Undefined B P(ADAS on new car) = 0.632

Figure 9.19: Distribution of probability of ADAS on a new car — insurance companies
apply premium reduction, conservative strategies

OP(ADAS on new car) =0

OO0 < P(ADAS on new car) <1
B P(ADAS on new car) = 1 OP(ADAS on new car) = 0.250

W Undefined B P(ADAS on new car) = 0.632

If 0 < P(ADAS on new car) < 1

3%

Figure 9.20: Distribution of probability of ADAS on a new car — insurance companies
apply premium reduction, progressive strategies

9.4.8 Overall results

By means of simulations, based on models of actor @aser decision-making regarding

ADAS deployment, the probability of deployment saeos based on actors’ interactions, and
the outcomes were explored of these deploymentasicsnin terms of the probability that

users will buy an ADAS.

In the reference case, in which the starting caonlitvas that all actors do nothing, and no
interaction between the actors takes place, it fWamd that different strategies of the
automotive industry and insurance companies halarge effect on the probability that
ADAS will be deployed, ranging between 39% and 79%e actors expect that ADAS will
be provided as an option, and if so, the probatitiat users will buy an ADAS on their next
new car is about 0.163 — 0.250.

The effect of a 1,500 euros tax reduction appliggbblic authorities, as opposed to doing
nothing, is expected to be large, and influencesdéployment actions of both automotive
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industry and users. The probability that ADAS wi# provided as an option as a result is
stable across strategies, ranging between 42% 2#td I addition, if provided as an option,
the probability that users will buy an ADAS on theext new car is expected to increase
from 0.163 when doing nothing, to 0.500 when apygya 1,500 euros tax reduction.

The effect of the automotive industry applying ADAS an option, on the probability that

users will buy an ADAS on their next new car, ipested to be about 0.163 — 0.250. It can
be argued that a conservative strategy of insuraocepanies will prevail, and thus the

expectation is that the probability is around 0.163

The effect of a 25% premium reduction applied sunance companies, as opposed to doing
nothing, is expected to be relatively small. Othetors are not influenced by the actions of
insurance companies, and if ADAS is provided asgation, it is expected that the probability
that users will buy an ADAS on their next new call wmcrease from 0.163 when doing
nothing, to 0.250 when applying a 25% insurancenpre reduction.

9.5 Discussion

The outcomes of the simulations are influenced tgwkh and unknown uncertainties, which
were previously acknowledged in 9.2.3. This undetyawas partly dealt with here by
presenting the outcomes as probability distribigiomer possible outcomes, and by running
simulations for extremely conservative, and extigmprogressive, strategies of the
automotive industry and insurance companies. Otimeertainties, related to the fact that
stated preference data were used as an input tmdidel, were not straightforwardly dealt
with in the simulations and the presentation ofrthesults. However, the types of questions
that were used to collect the data — in which ggpondents had to make a trade-off between
alternative deployment actions — were expectednit the potential bias related to stated
preference experiments (see Section 9.2.3). Teaser confidence in the results, it may be
recommended to perform a sensitivity analysis @seh This point is not addressed further in
this dissertation.

9.6 Conclusions
9.6.1 Conclusions regarding the simulations

The results of the simulations show an average giviity of 69% that ADAS are going to be
deployed.

The results of the simulations show the probabifiigt ADAS are going to be deployed is
between 39% and 82%, depending on whether the atit@rindustry applies a conservative
or a progressive strategy. Assuming that the sampkutomotive industry respondents is
representative with respect to strategies, thelteeshow an average probability that ADAS
are going to be deployed of 69%.

With a 1,500 euros tax reduction on purchasing ADgsBipment by public authorities,
uncertainty regarding ADAS deployment as an opsatecreased

The effect of a 1,500 euros tax reduction appliggpbblic authorities, as opposed to doing
nothing, influences the deployment actions of bttt automotive industry and users. If
public authorities are doing nothing, the resultshe simulations show that the probability
that the automotive industry deploys ADAS as anoopis between 26% and 52%, depending
on the strategy of the automotive industry. Whehlipuauthorities apply a 1,500 euros tax
reduction, this probability is more stable acrdsatsegies: between 42% and 52%.
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If ADAS are going to be provided as an option, tbgults of the simulations show that the
probability users will buy an ADAS on their nextwear is about 0.163

The results of the simulations show that it is mosly that ADAS will be provided as an
option, and if so, the probability that users willy an ADAS on their next new car is 0.163 —
0.250 (and 0.255 — 0.371 for the Safe Driving Assiy. This probability is influenced by the
strategy of insurance companies, and since a catsey strategy of insurance companies is
likely to prevail (see Chapter 7), it is expectedttthe probability will be about 0.163.

With a 1,500 euros tax reduction by public authest this probability might increase to

0.500

As a result of the effect of a 1,500 euros tax céda applied by public authorities, as
opposed to doing nothing on users, the resultsesimulations show that the probability that
users will buy an ADAS on their next new car inaesfrom 0.163 when doing nothing, to
0.500 when applying a 1,500 euros tax reductioADAS are provided as an option.

With a 25% premium reduction by insurance comparttes probability might increase to
0.250

The effect of a 25% premium reduction applied sunance companies, as opposed to doing
nothing, is relatively small. Other actors are mutuenced by the actions of insurance
companies, and if ADAS is provided as an optios, rigsults of the simulations show that the
probability that users will buy an ADAS on theirxienew car increases from 0.163 when
doing nothing, to 0.250 when applying a 25% inscegoremium reduction.

9.6.2 Relevance of the results for ADAS deployment

Expectations regarding ADAS deployment

The findings once again underline the importanciefautomotive industry as the main actor
driving ADAS deployment. The results show it is egfed that the probability that ADAS are

going to be provided as an option, and eventuabyailed on about 15% of all new vehicles,
is high, but there is still a lot of uncertaintyaived.

Public authorities are not expected to play a blg,rbut if they should do so, applying a tax
reduction on ADAS can have large effects on theébabdity that ADAS are going to be
deployed, and on the probability that users wily an ADAS on their next new car.
Depending on the effects they want to achieve,thadontribution of ADAS to these effects,
public authorities may want to reconsider theiripais regarding ADAS deployment. Here, a
1,500 euros tax reduction is considered; lower c¢tdns will logically result in smaller
probabilities.

The relatively small effects of insurance premiusductions add to the earlier conclusion,
that insurance companies are not expected to mplaynportant role in ADAS deployment.
Their potential influence on, and interest in, teployment rate of ADAS may be too small.
That does not mean that they will not sell any iasae policies in combination with ADAS,
but this may be limited to applications that arescfically interesting for insurance
companies.

Remaining questions

The results ask some interesting questions releteafuiture research about the development
of the deployment rate, and the relation betweerdétployment rate and the effectiveness of
ADAS.



Chapter 9 — Application of the model of actor iatEions 169

From deriving insights into the probability thatus will buy an ADAS on their next new car,
the next question concerns what this probabilityanse for the development of the
deployment rate of the ADAS. While ADAS are expedcte have positive effects for an
individual driver, positive effects on traffic rédato the amount of vehicles equipped with an
ADAS, represented by the deployment rate. In ofdlepublic authorities to potentially apply

a tax reduction, it is necessary to have infornmatio what deployment rate can be reached in
which amount of time. The probabilities that usert buy an ADAS on their next new car
can be used to make such calculations.

Next to the deployment rate, it is necessary teeHanowledge about the relation between the
deployment rate and the effects on traffic. Fornepi@, traffic simulations show that a
Congestion Assistant is already effective on traueke at a deployment rate of 10%, but
twice as effective at a deployment rate of 50% (Y2ael and Van Arem, 2008). With regard
to the Speed Assistant, or Intelligent Speed Adagptathe relationships between deployment
rate and accidents were often assumed in studiesjpart from studies assuming a difference
between a 0% and a 100% deployment rate (e.g. €daestd Tate, 2005), studies on the
effectiveness of intermediate deployment rates wetdound.

Furthermore, given the heterogeneity found amormgs,she types of drivers that are among
the first adopters of the ADAS, may influence thi#eaiveness of ADAS at lower
deployment rates.
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10 Conclusions and recommendations

What are the main findings of this dissertationd amhat are its scientific and societal
contributions? This chapter gives an overview o tiesearch in this dissertation, and
summarizes the main conclusions on actors’ intemastin ADAS deployment. Furthermore,
it discusses the scientific contributions, and ithplications of the results for ADAS actors.
We then reflect on the validity of the researchcouates, the methodology to investigate

actors’ interactions, and choices made in empineakarch. Finally, some suggestions are
made for further research.
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10.1.1 Research approach

The approach used to answer the research quesifotigs dissertation is represented in
Figure 10.1. It commences with sonpgeliminary explorations,in order to increase
knowledge on actor positions regarding ADAS deplegim their deployment options, and
their decision criteria. The reflections on theufessof these explorations led to insights about
actors’ interactions in ADAS deployment. These ghss, literature on technological
innovations, and several assumptions on actorsrastions, have been used to develop a
conceptual modebf actors’ interactions in ADAS deployment. Thisnceptual model
featured the interactions between public authaitithe automotive industry, insurance
companies, and users. The conceptual model wasldtad into amathematical model
consisting of an overall stochastic model of theeractions, and underlying mathematical
models for individual actor and user decision-mgkiAlongside this, anethodologywas
developed to estimate the mathematical model, base&tated Preference modeling. A
number ofdeployment scenariosere then specified, that were to be explored bgmaeof
the mathematical model. The deployment scenaritesiaas an input to aactor studyand a
user studyEmpirical data were collected on actor and usersibn-making regarding ADAS
deployment, by means of questionnaires. Based emddba from the actor and user studies,
the underlying mathematical models of actor anda deeision-making were estimated. These
models provide the necessary inpueiplore deployment scenaridsy means of application
of the stochastic model of actors’ interactionAMAS deployment.

10.1.2 Model of the system of actors’ interactions in ADASleployment

Research question 1la: What conceptual model cacribesthe system of actors’ interactions
in ADAS deployment?

In this dissertation, ADAS deployment is concepaeal as a system of actors’ interactions,
in which the main actors are public authoritieg #utomotive industry, insurance companies
and users. Supported by the relevant literature, smme preliminary explorations (see
Chapter 2), a conceptual model of this system veasldped (see Figure 10.2, left).

Public | | Insurance « Public | | Insurance
Authorities | | Companies Authorities | | Companies

A ‘< 7 A

A A

I I
I I
I I
I F I F A\
| E v v I E \ A v v
| | I
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= <“—> User = > User
I o Industry I ” Industry
| | < ' <
= 3 4 | a 1
| | | | LS
I [ \ A I v
| I
- — ADAS Deployment rate — | ADAS Deployment rate

Figure 10.2: Theoretical conceptual model (left) ath investigated conceptual model
(right) of actors’ interactions in ADAS deployment
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For the empirical studies, the conceptual model siagplified by removing the feedback
from the deployment rate, and the influence of wkmisions on the actors (see Figure 10.2,
right). With this conceptual model, initial deplognt actions of the actors, and the reaction
of the user — in terms of buying or not buying abDA& — could be investigated, on the
presumption that the current deployment rate of Adé&very small.

In addition, underlying conceptual models of indival actor and user decision-making were
defined. For actors, these conceptual models reptekeir choice for a deployment action,

given the deployment actions already taken by o#tmors, and the ADAS to which they

apply. Actor decision-making was conceptualizededaon bounded rationality, with respect
to their beliefs of the impacts of their deploymewtions. For users, the conceptual model
represents their choice options to buy or not buyA®AS, given the deployment actions

taken by actors that apply to that ADAS. User denisnaking was conceptualized as rational
in terms of the decision process, but with attituaféect, motives and choice influencing the
outcomes of the decision process.

Research question 1b: How can this conceptual mddeldescribed in mathematical
expressions?

The conceptual model of actors’ interactions in ADAleployment was mathematically
represented by a stochastic model, in which thdogilepent scenario — consisting of the
deployment actions of all actors — and the chofdeé@®user to buy or not buy an ADAS, were
included as stochastic variables. The underlyinglete of actor and user decision-making
were translated in mathematical models that ewvaluae utility or probability of a
deployment action, as a function of the deploynseenario.

10.1.3 Methodology to estimate the model of actors’ interetions in ADAS deployment

Research question 2: How can the mathematical moflelctors’ interactions in ADAS
deployment be estimated?

In order to apply the model designed to explordalgpent scenarios, and based on current
expectations of actors and users, the probabiltfesctors’ deployment actions, and the
probability that users will buy an ADAS on theirxtenew car, need to be known. Since
future actions are considered, there are no datlable on current probabilities.
Consequently, is was decided to collect empiriedhdy means of a Stated Preference survey
on actors’ expectations regarding potential ADABldgment actions, and on users’ reactions
to these deployment actions.

The actor survey included a conjoint measuremesk tar the respondents, in which they
were asked to indicate the probability that a derteeployment option would be applied by
their actor group, given the deployment actionstber actors, and the ADAS to which they
would be applied. Consequently, the questions wiferent from those for respondents from
public authorities, the automotive industry, anduirance companies. Based on the resulting
data, additive probability models (based on adélititility models, using probabilities instead
of utility ratings as data) were estimated foraallor groups, using multiple linear regression.

The user survey included a conjoint measuremeft fiasthe respondents, in which they
were asked to indicate whether they would buy anASDor not, given the deployment



Chapter 10 — Conclusions and recommendations 175

actions of the actors, and the type of ADAS to \ltitey are applied. Based on the resulting
data, a binomial logit model was estimated, usaggstic regression.

10.1.4 Empirical studies on actor and user decision-makig regarding ADAS
deployment

Research question 3a: Which potential actor deptymactions, and which ADAS, are
relevant, given the current state of ADAS deployfhen

In the empirical studies, three ADAS were includbdt are eligible for deployment in the
near future, and for which it was expected that ohthe actors would take the lead: public
authorities for the Speed Assistant, the automatidestry for the Congestion Assistant, and
insurance companies for the Safe Driving Assistee¢ Figure 10.3).
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Figure 10.3: ADAS included in investigation

For each of the actors, three potential deployrnogtibns were considered, one ‘do nothing’
option, one option stimulating users to buy ADABdJ @ne option forcing users to buy ADAS
(see Table 10.1). In cases where the automotivestng does nothing, or forces the user to
buy an ADAS by providing it as a standard optidie tiser has nothing to choose. The same
holds true when public authorities or insurance ganmes force the user to buy an ADAS.
Consequently, in the user survey, only the stinmgabptions were considered, specified to
fit the user perspective (see Table 10.2).

Table 10.1: Actors’ deployment options included iractor survey and simulations

Type Public authorities | Automotive industry | Insurance companies
Do nothing Do nothing Do nothing Do nothing
. . 1,500 euros ADAS optional Optional 25%
Stimulating deployment : . : :
tax reduction on new vehicles premium reduction
. Mandate ADAS ADAS standard Standard 25%
Forcing deployment . : . )
on all vehicles on new vehicles premium reduction

Table 10.2: Actors’ deployment options as includedh user survey

ADAS purchase cost| Insurance premium reduction
0 euros 0%
750 euros 25%
1,500 euros 50%
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Research question 3b: What is the probability Hratctor takes a certain ADAS deployment
action, given the deployment actions of other aor

Respondents from public authorities, the automatideistry, and insurance companies were
invited to complete the actor survey, based om#tevorks of the researcher and colleagues.
Of the invited respondents, 72 completed the qoestire and were included in the analysis.
The respondents from public authorities (20 respatg), and insurance companies (7), were
mainly from the Netherlands, and the automotiveustdy (45) predominantly from other
European countries. Furthermore, they had a véxae#tground, and were quite familiar with
ADAS.

The models estimated from the survey data genesalbyv that the type of ADAS does not
significantly influence the probability that act®mvill be taken to deploy it. Furthermore,
they show that public authorities and the autongoindustry are influenced by each others’
deployment actions, but not by the deployment astiaf insurance companies. The insurance
companies are also not influenced by deploymenioractof public authorities or the
automotive industry. The average probability the automotive industry is going to take
action is high, as opposed to doing nothing. Theraye probability that public authorities
and insurance companies will take action, as ogptisdoing nothing, is small.

Based on certain patterns that were observed imalee it was assumed that subgroups of
respondents with different strategies exist. Atetya is defined here as a specific distribution
of probability over the available deployment optosubgroups were identified, based on a
cluster analysis. For the automotive industry, éhs&rategies were identified, which can be
characterized by the extent to which they are ebggeto take action, and the extent to which
they can be influenced by public authorities’ dgptent actions. The identified strategies for
the automotive industry include the strategy offantive Deployerexpected to take action
without much influence of public authorities’ depioent actions, the strategy oReluctant
Deployer not expected to take action until after deploytreations of public authorities, and
the strategy of ardaptive Deployerexpected to take action, and stimulated to deveam
more by public authorities deployment actions. iRgurance companies, two strategies were
identified, characterized by the extent to whicleythare expected to take action. The
identified strategies include that of Active Deployerexpected to take action, and that of a
Non-Deployer not expected to take action. For public authesitno distinct subgroups could
be identified. Some explanations for the existeotéhe subgroups could be found in the
familiarity of the respondents with ADAS, and thekpectations regarding the impacts of the
ADAS.

Research question 3c: What is the probability tegrs will buy an ADAS on their next new
car, given the deployment actions of the actors?

Respondents of a traffic and transport panel wariéged to complete the user survey, and 250
reactions were received. The model estimated frowm $urvey data shows that the
respondents prefer the Safe Driving Assistant éoatiner two ADAS, which is opposite to the
expectation that they would prefer the Congestiossigtant. Possibly the Congestion
Assistant and the Speed Assistant are less pogpinieg they leave less freedom to the driver.
Furthermore, the respondents’ choice to buy an AAshibstantially influenced by costs and
premium reduction, which means that the finanaiakntives of public authorities, and to a
lesser extent insurance companies, are potentrdllyential. In addition, it was shown that
the respondents were more likely to buy an ADASarew car, than on their current car. The
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results showed a large amount of heterogeneity grtfos respondents to the survey, which
could partly be explained by age, gender, mileangkcar price. Since the respondents formed
guite a representative group with respect to thieldgociety, the average probability that the
respondents will buy an ADAS on their next new cawld be used as the average for Dutch
car buyers.

Application of the model: expectations regardingA®deployment

The results of the actor and the user survey weeel to validate the structure of the model,
I.e. either to confirm, or perhaps deny, the refaibetween the actors in the model. Since it
was found that insurance companies and the othiersaare not influencing each other, the
relations between these actors were removed framnitial model (see Figure 10.4). The
other relations in the model were confirmed byrémults of the surveys.
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Figure 10.4: Updated model of actors’ interactionsn ADAS deployment

The stochastic model of actors’ interactions in AbAeployment was adjusted to these
changes in the conceptual model. It was applieéxjore various deployment scenarios
under a number of specific starting conditions, eeldte these to the reaction of the user. The
starting conditions included initial deployment sagos in which all actors do nothing, and in
which one actor is taking action. Given each obéhstarting conditions, the probabilities that
certain deployment scenarios will occur were deteech while using the actor models as
input. The reaction of the users to these deployrsesnarios was determined in terms of the
probability that they will buy an ADAS on their naxew car, using the user models as input.

For each of the starting conditions, the outcomesewpresented as distributions over
potential outcomes, with respect to the probabthigt users will buy an ADAS on their next

new car. Furthermore, separate simulations weresnragvhich the most extreme strategies
of the automotive industry and insurance compamese combined, in order to get an
overview of the range of possible outcomes, depgndin the strategies. The main findings
were that it is expected that the automotive ingusttaking the lead in ADAS deployment.

However, subgroups with different strategies welentified among the automotive industry
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respondents, one of which is not expected to takelead. Furthermore, the influence of
public authorities in terms of tax reductions canshbibstantial, since the automotive industry
and users are expected to react in a positive araiDAS deployment.

10.2 Main findings

The automotive industry is expected to take the ie®ADAS deployment

Of the three actors that were considered — puhltbaities, the automotive industry, and
insurance companies — the automotive industry peeted to be the first to apply deployment
options that will stimulate, or even force, userdvtly an ADAS. These findings apply to the
types of ADAS that were considered in this dissenta which typically need to be integrated
in vehicles when they are built, and are supportimegdriver, but not completely taking over
the driving task. There is as yet no evidence oathdr the findings also apply to other types
of ADAS.

Public authorities have a large potential influerae ADAS deployment

While public authorities are not expected to takiial action, their potential influence on
ADAS deployment is expected to be large. Not orduld they mandate the equipment of
cars with ADAS, the results also show that tax otidms can have a large positive influence
on the expectations that the automotive industrgoisig to take action, and that users will
buy an ADAS on their next new car. This expectdeatfof tax reductions is comparable
with experiences in Denmark with a tax reductionEdectronic Stability Control (ESC). A
tax reduction made the rate of new cars being @guipvith ESC increase from 30% to 90%
between 2003 and 2008 (ETSC, 2009b). However, SH8€ has less impact on normal
driving than ADAS, these figures are not likelylde matched by ADAS. Nevertheless, they
do support the apparent validity of the influen€a tax reduction.

Insurance companies are not expected to becomeraantor in ADAS deployment

Although insurance companies were expected to &akien by the respondents, additional
analysis emphasized that these expectations ndeded given nuances. The subgroup of
respondents that expected insurance companieskéo a@etion was found not to be very
familiar with ADAS, but expecting very positive imgts. On the other hand, the subgroup of
respondents who expected insurance companies riakéoaction was found to be familiar
with ADAS, but not expecting positive impacts. Cegsently, it is assumed that insurance
companies can be expected not to take action ower &t least not with respect to the type of
ADAS considered in this dissertation. However, sinosurance premium reductions do
increase the probability that users will buy an ARQAnsurance companies may be interested
in promoting the use of ADAS types that fit the @fie company interests.

Different opinions on ADAS deployment strategiest exnong actors

Subgroups of respondents with different strategwese identified among the automotive
industry and insurance companies’ respondents.efsidsgroups differ in the probability that
they are expected to take action, and in theirti@ado public authorities’ actions. An
explanation for the existence of different subgupmong the automotive industry
respondents is that different networks exist witthie automotive industry, with a different
attitude towards ADAS deployment. An explanationtfte existence of different subgroups
for insurance companies is that they have diffetevetls of experience with ADAS (see the
finding above). Apart from this finding, the diflarces between the subgroups could,
generally, not be explained by the respondent cheniatics collected by the survey. No
subgroups were identified among public authoritrespondents. This may be due to the fact
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that the respondents were mainly from the NethddarfPublic authorities from different
countries may have different strategies, due téemtihces in the transport problems these
countries are facing, and differences in the géneyke of public authorities in these
countries.

There is a large heterogeneity among users regarthe choice to buy an ADAS

The utility that users derive from choosing to anyADAS is significantly influenced by the
price of the ADAS and insurance premium reductidiftere is a large heterogeneity among
these results that can be partly attributed to ggeder, mileage, price of the car, and whether
ADAS are purchased on a new or on a current caroter aspects that were not included
could explain this heterogeneity, such as gendtitl@des towards innovations.

The results of the analyses in this dissertatiomespond with general observations

Many of the results in this dissertation show atypie of ADAS deployment that largely
corresponds to what is generally expected. ThelteeButhis study provide added value in
that they clearly outline to what extent actorsl wake action or not, and whether and how
they can be influenced to do so. This finding iatlks that the model is producing realistic
results, and can therefore be considered for furgfeghaps more detailed, research. However,
the input information might have been optimistic.

10.3 Scientific contribution

The main scientific contributions of this dissadatinclude the development of a conceptual
model of actors’ interactions in ADAS deploymeihie development of a mathematical model
of these interactions, the methodology to investigactors’ interactions, the findings
regarding the role of insurance companies, andtdémification of different strategies.

The focus on ADAS deployment actions contribut@s;esprior research has mainly focused
on ADAS technology options, which is a necessargt fstep, but the combination with
deployment actions gives more detailed knowledgethen expectations regarding ADAS
deployment. The development of a mathematical modiehctors’ interactions in ADAS
deployment contributes, since prior research hasd udifferent conceptual models of
decision-making, which were found not to fit theesific case of ADAS deployment. In
addition, a mathematical model of the type of cptieal model of actors’ interactions in
ADAS deployment assumed in this dissertation, watsyet available. The methodology to
investigate actors’ interactions contributes by vahg how these interactions can be
empirically studied using Stated Preference modeland what types of results can be
expected. The findings about the role of insuraswm@panies contribute, since their role has
not yet been investigated with respect to ADAS dgplent. While they have an influence on
user adoption of ADAS, their influence on publigtaarities and the automotive industry is
negligible. Finally, the identification of differéstrategies contributes to science by showing
how these strategies can be revealed using quarditdata on actor actions and interactions
in ADAS deployment.

10.4 Societal contribution: implications for actors

Electronic driving aids for road vehicles, alsoledl“Advanced Driver Assistance Systems,”
or ADAS, are a promising means to contribute tonanease in traffic safety and traffic flow
efficiency, and a decrease in environmental pdatutiTo fulfill this promise, many vehicles
need to be equipped with these ADAS, since theoyepént rate determines success for a
large part. The research project described indisisertation studied the expected deployment
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actions of public authorities, the automotive indysinsurance companies, and car users,
which could influence the rate of vehicles equippgth ADAS. The implications of the
outcomes of this research project for public pahieking are discussed below.

The automotive industry is expected to take the ie®ADAS deployment

It was found that the automotive industry is expddb take the lead by providing ADAS as
an option for new cars. Public authorities and iasae companies are, generally, expected
not to be the first to take action. This means t2AS will probably be deployed without
further interference of public authorities, andttiraprovement of traffic safety and traffic
flow efficiency could be achieved by means of tharket. However, it has to be taken into
account that the types of ADAS that will be broughthe market by the automotive industry
will principally be increasing comfort, and onlycemdly safety, for individual users. It is
uncertain whether these types of ADAS all havestimae positive effect on traffic safety and
traffic flow efficiency as systems that may be lesarketable. Furthermore, the automotive
industry usually starts deployment of ADAS on luxunodels, while cheaper cars could in
some circumstances benefit even more from ADAS f=om for example, with the case of
electronic stability control). In conclusion, whitke automotive industry will probably take
the lead, public authorities might monitor the nedykand possibly take action, when the
market deployment of those ADAS that are partidylaffective on traffic safety, or traffic
flow efficiency, are not developing at the desispaed.

Influence of public authorities is potentially larg

It was found that although public authorities ao¢ expected to take the lead, the influence of
their deployment actions is potentially large. Nwily do they possess the potential to
mandate equipment of cars with ADAS, but also tphapeductions on car purchase taxes.
These can have a substantial effect on ADAS deptoymThe analysis in this dissertation
shows, for instance, that when a tax reduction,0Q euros is applied by public authorities,
the probability that the automotive industry ismgpito sell a certain ADAS increases from
approximately0.7to 0.8, and the probability that users will buy this ADAS their next new
car increases from.15to 0.5 In conclusion, applying tax reductions to stiniel&ADAS
deployment can be a very effective means in terh@oncrease in ADAS deployment rate.
It has to be ascertained, however, that such arease in ADAS deployment has a
substantially positive impact on traffic safety sordraffic flow efficiency, in order to justify
investments in tax reductions.

The automotive industry consists of subgroups wifferent strategies regarding ADAS
deployment

It was found that within the automotive industrypgroups with different strategies may be
present. These strategies differ with respect ¢opttobability that they will take action, and
the extent to which they are influenced by publitharities’ deployment actions. They can
be characterized as the strategiesAofive DeployersReluctant Deployersand Adaptive
Deployers This finding confirms that the automotive indysthere: car manufacturers)
cannot be considered as a single actor in ADASayepént. No specific characteristics that
could explain the different strategies were idesdifby the data collected. An explanation
might be the existence of different networks witkive automotive industry, with different
opinions or philosophies towards car driving in gt (e.g. regarding safety or freedom of
driving).
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Users are very heterogeneous with respect to bussmgDAS on their next new car

The probability that users will buy an ADAS on theext new car was found to be strongly
influenced by factors such as age, gender, mileage, price of the car. In addition, it is
expected that further factors, such as attitudesrds technology, play a role. As a result,
ADAS deployment actions will not have the sameuefice on all users, and different actions
may be necessary to stimulate different targetggda adopt ADAS.

10.5 Reflection

10.5.1 Validity

Does the model of actors’ interactions in ADAS a@gphent produce valid outcomes, in the
sense that they correspond with reality? That questannot be answered by validating the
results with actual reported data, since these a@anot yet available. Instead, the external
validity of the overall outcomes of the researchaasidered by a reflection on the validity of
the conceptual model, and the validity of the mdthogy that was applied. The validity of

the conceptual model depends on the selectionsoéléments, and the relations between
them. In addition, the validity of the methodolodgpends on the definition of the Stated
Preference models and the stochastic model (seeeFld.5).

Overall
outcomes

Model Methodology

Stochastic

Elements Relations SP models
model

Figure 10.5: Research components that influence thexternal validity of overall
outcomes

Validity of the conceptual model

The elementof the conceptual model — public authorities, dliéomotive industry, insurance
companies, users, and the deployment rate — wersenhas the set of most relevant elements,
i.e. the most important elements in influencing ADAleployment. Some elements were
deliberately not included in the conceptual modath as external forces (e.g. economic and
demographic developments, crucial events), andr @btrs, such as interest groups. This
implies that the model is at least valid in sitaasi in which these elements are not subject to
major changes.

A number ofrelationshipsbetween the elements were explicitly considerdwe data from
the empirical actor and user studies were used stomate the magnitude of these
relationships, and also to confirm the existencethaise relationships. Consequently, the
mutual influence was confirmed between public arties and the automotive industry, and
also the influence on users of public authorititee automotive industry, and insurance
companies. However, the mutual influence was debnfeshsurance companies on the one
side, and public authorities and the automotiveustiy on the other side. As a result of the
empirical validation, there is confidence in theusture of the conceptual model.
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Validity of the methodology

The stated preference modelgere estimated, based on data collected from negrds
representing real actors, and a representativelsashputch car users. This is a prerequisite
for optimal applicability of the models used. Howevthe bias related to stated preference
data (i.e. people are found to overstate the ecaneatue of alternatives) might have caused
too optimistic expectations regarding ADAS deploymeéOn the other hand, the method of
questioning might have limited this bias. The axtovere asked to give a probability
distribution over possible deployment actions, dnhds were forced to make a trade-off
between alternatives. This may have discouragedstateng certain alternatives. The users
were not asked for a stated value but for a chevwbéh is found to be less prone to optimism
bias (Murphy et al., 2005).

The number of respondents from which data wereectdtl was limited. This is partly due to
the limited number of potential respondents, areldlificulty to find them, but also to the
difficulty to find respondents with a certain amowf knowledge about ADAS, which was
particularly the case for insurance companies. r§elanumber of respondents would have
been desirable, especially from insurance compamesrder to increase confidence in the
results. However, these are difficult to find, el a result, research like this will have to
manage with low numbers of respondents.

The stochastic modek fully based on the conceptual model, and scs#me considerations
regarding validity apply to the model. Furthermotbge considerations regarding the
applicability of the input data from the statedfprence models apply.

In conclusion

The overall outcomes of the research were foungddiat in a direction that is intuitively
likely, i.e. they have high apparent validity. Tées also confidence in the conceptual model,
of which the assumed relationships were validatéd empirical data. However, the results
may to a certain extent be relatively optimistioabADAS deployment, given that they are
valid in situations where there are no major charigdactors that are external to the model.
The results can also be biased by the inevitamyrdamber of respondents. In addition, the
data collected were a ‘snapshot’ in a limited twiadow, and opinions of respondents may
change over time.

10.5.2 Methodology

The main methodological challenge was in collecting empirical data on actor decision-
making, regarding ADAS deployment actions. The mdthogy used was aimed at collecting
data to estimate a probability model, by meansoofjaint analysis. The questions that were
asked as a result of this approach were experieasedifficult, as reported by some
colleagues and respondents who completed a pikdtagqunnaire. The key question is whether
the questionnaire was the main reason for thiscditiy, or if ADAS deployment, and
particularly interacting with the other actors,caéxplains part of the difficulty. The fact that
many of the comments were made by respondents ifilearance companies, supports the
latter conclusion. Consequently, if interactionsADAS deployment are difficult matters in
themselves, answering questions about these matten®t be expected to be easy.

In summary, the methodology used to investigateattters has succeeded in deriving the
necessary data on their interactions with the otheors, but brings along substantial
difficulties for the respondents in completing ttedated questionnaire. For future research
with this model, the questionnaire set-up shouldbe®more complicated than the one used
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here, and may need some redesign. If a substgntatjer number of respondents per actor
group is available, a choice-based questionnainebeaset up, which is assumed to be less
difficult to answer.

10.5.3 Influence of choices made in the empirical studies

How have the choices made in the empirical studli¢kis dissertation influenced the results,
and how does this influence the extent to whichréisellts can be generalized? In this section,
the choices are reflected upon for type of ADAStoes; deployment options, and the
Netherlands as a case study.

One of the findings was that, particularly for thetors, the influence of the ADAS-type on
the probability that they would apply a deploymeption is small, and not statistically
significant. Both choices made regarding the typeguestioning, and the types of ADAS
included, could have been of influence. In the joesaire, it was deliberately decided not to
present the respondents with the impacts of the 8Didut to ask the respondents for their
expectations regarding the impacts, assuming baurat®nality. Their expected impacts of
the ADAS on safety, throughput, environment, andruscceptance, were comparable and
quite positive. However, in not presenting the ADA$acts to the respondents, this may
have led to underestimation of the influence of ADAnN utilities and probabilities. The
reasons for this underestimation could be that &ttention of the respondents was
predominantly being drawn to the deployment optiafisother actors. Furthermore, the
respondents’ expectations regarding the ADAS ingpagire very similar across the ADAS.
The choice for the specific ADAS in this dissedatiwas mainly driven by the idea they
should be comparable in terms of interference waimal driving, and should contain certain
aspects regarding impacts and acceptance that tihakespecifically of interest to each one
of the actors. Since it is expected that ADAS hditkerent impacts on traffic, the findings of
this dissertation cannot be generalized to all ADB& may apply only to ADAS that have
positive effects on traffic, and are still accepeafor car users. In future surveys, information
on the impacts of ADAS could be given to responsliem order to further explore the
influence of ADAS on the choice for deployment acs.

In the choice for actors to be included in the nmipoitlevas decided to focus on individual car
buyers who own the majority of the cars on the raadl exclude commercial fleet owners
from the empirical research. The latter can stilluence a substantial proportion of cars on
the road (approx. 30% in the Netherlands; CBS, 20%ihce fleet owners probably have
different objectives, it is expected that they mdkéerent choices than individual users when
buying cars. As a result, the finding with respecthe probability that users will buy an

ADAS on their next new car, is not representatige dll decision-makers that can adopt
ADAS on their vehicles. In future surveys, fleetraxs could be included, in order to obtain
the complete picture with respect to the expecegdlayment rate of ADAS.

As a result of the methodology chosen, the set eglayment options included in this
dissertation was quite basic (i.e. only three peoragroup). Particularly in the case of the
stimulation options, there are many more optionsilable than were included in the
questionnaire. The question is whether the pagrcahoice of stimulation options has very
much influenced the analysis results. It could gued that the stimulation option selected
for the automotive industry — offering ADAS as aption — is not so much a stimulation
option, but rather a required option for all otlogtions to take effect. This may explain the
finding that the probability that the automotivelurstry is taking action is relatively high, i.e.
the threshold for the other actors to stimulate@gpent is probably higher. The distribution
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over the deployment options selected in this diaen could give an indication of the
distribution over ‘do nothing’, ‘stimulation’, andorcing’ options in general. At the same
time, the results can certainly not be generalimedall possible stimulation options. Thus
future surveys should further refine the pictureshydying different stimulation options.

The empirical studies in this dissertation wereufmx on the Netherlands, including
respondents from Dutch public authorities and iasoe companies, and a panel of Dutch car
drivers. The question is whether these resultsbeageneralized to other countries. First of
all, the respondents from the automotive indusépresented different countries, and were
not asked to specifically confine their answerghe Dutch situation. Consequently, their
results can be generalized for other (Europeanihtces. With respect to public authorities,
differences with regard to culture, society, arahsport problems experienced, may influence
their decisions. This means that the results coulg be generalized to countries that are
similar to the Netherlands in these aspects. Theedwlds for car users, and possibly also for
insurance companies. For other countries, empidatd needs to be collected.

10.6 Further research

10.6.1 Exploring further applications of the model

Since it was found that the current model structeagls to plausible results with respect to
the expected deployment actions of actors, it @aded for further explorations. These could
include estimation of the model based on empirdzdh from other countries, integration of

other important actors like fleet owners, and aggtion of the model for more consecutive

deployment scenarios, based on a more extensiaesdtt. Furthermore, the study described
in this dissertation could be repeated, in ordesliserve dynamics in actor expectations over
time.

10.6.2 Increasing knowledge on actor decision-making to te ADAS deployment
actions

Based on several findings in this dissertatios tecommended to increase knowledge on the

following issues:

Firstly, to increase the knowledge about possiby@machics in actor strategies, it is
recommended to further investigate the assumediael®etween familiarity with ADAS,
expected ADAS impacts, and expected deploymenoratiThis could be achieved by, for
instance, longitudinal research in which thesedigcare monitored over time. Knowledge
about these dynamics can be used to obtain moadeteforecasts of ADAS deployment.

Secondly, to increase knowledge on further devetpmf ADAS deployment, following the
initial deployment actions, the influence couldibeestigated of the current deployment rate
on actor deployment actions. This could be achidyethcluding the deployment rate, as an
attribute of the deployment scenarios.

10.6.3 Increasing knowledge with regard to the effects oADAS deployment actions
In order to increase knowledge on actor decisiokingato take ADAS deployment actions,
further knowledge on the effects of ADAS deploymactions is essential.

It was found that there is limited knowledge abdle effects of ADAS at different
deployment rates. Most of the available knowledg@®n Adaptive Cruise Control and the
Congestion Assistant (e.g. Van Driel and Van Are2008; VanderWerf et al., 2002;
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Hoogendoorn and Minderhoud, 2001). Studies of ffects of Intelligent Speed Adaptation
usually consider the difference between 0% and 1@@¥tetration, in order to assess the
potential (e.g. Carsten and Tate, 2005). Knowlealgthe relation between the deployment
rate of ADAS, and its effects, are important fotoas to consider, so that deployment actions
can be aimed at attaining a certain deployment tataddition to increasing the number of
simulation studies on this aspect, it is also revemded to proceed with field studies, in
order to collect evidence on the effects of différ@eployment rates of ADAS.

In addition, knowledge is needed on how deploynrates develop based upon, amongst
others, the initial probability that users will bap ADAS on their new car, which was one of
the outcomes of this research project. Existing @élo@n user adoption of (technological)

innovations may be applied to answer this questismg the initial probabilities as input.

Finally, the effectiveness of ADAS may depend om tiype of car drivers who use it, and as

such it is worth investigating what types of drv@re amongst the people that are the early
adopters of ADAS, since this may influence thetreteship between the deployment rate and

effectiveness. For example, if the first adopteesamong people who have a relatively low

annual vehicle mileage (see Chapter 8), the effectiss may be lower than average, and
higher penetration rates may be necessary to dttaiobjectives. This could be investigated

by developing a user survey that includes specifidables that characterize the stage in

deployment in which a user is likely to adopt anawation, and analyze the relation between

these characteristics, and variables such as amahbale mileage.
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Table A.1: Public authorities’ overall utilities to take ADAS deployment actions
(statistically significant attributes only)

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Overall utilities coeff sig coeff sig coeff sig
Constant 4,783 0.000] 4.406 0.000[ 2.850 0.000
ADAS

Speed Assistant -0.283 0.055| 0.000 -] 0.350 0.007
Congestion Assistant 0.000 - 0.000 - 0.000 -
Safe Driving Assistant 0.283 0.000 -0.350
Industry action

Do nothing -0.567 0.008] 0.644 0.015 0.650 0.001
Option -0.400 0.028] 0.744 0.008] 0.350 0.013
Standard 0.967 -1.389 -1.000

R Square 0.924 0.959 0.966

Table A.2: Public authorities’ overall probabilities in (%) to take ADAS deployment

actions (statistically significant attributes only)

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate Other
Overall probabilities coeff  sig coeff sig coeff sig coeff sig
Constant 62.333 0.000[ 20.000 0.000[ 8.161 -] 9.506
Industry action

Do nothing 0.000 0.000 0.000 -] 0.000
Option -10.208 0.002[ 7.542 0.002[ 0.000 -] 0.000
Standard 10.208 -7.542 0.000 0.000

R Square 0.769 0.777 - -
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Table A.3: The automotive industry’s overall utilities to take ADAS deployment actions
(statistically significant attributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Overall utilities coeff sig coeff sig coeff sig
Constant 1.926 0.000] 5.704 0.000] 5.442 0.000
Authorities' action

Do nothing 1.055 0.001] 0.000 -1 -1.897 0.009
Tax reduction 0.000 - 1.370 0.000[ 0.000 -
Mandate -1.055 -1.370 1.897
Insurance action

Do nothing 0.475 0.037| -0.403 0.056[ 0.000 -
Option 0.000 - 0.000 - 0.000 -
Standard -0.475 0.403 0.000

R Square 0.876 0.921 0.957

Table A.4: The automotive industry’s overall probablities in (%) to take
deployment actions (statistically significant attrbutes only)

ADAS

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Overall probabilities coeff  sig coeff sig coeff sig coeff sig
Constant 19.576 0.000] 43.543 0.000] 34.004 0.000f 2.877 -
Authorities' action

Do nothing 12.622 0.001| 5.010 0.042| -18.138 0.000( 0.000 -
Tax reduction 0.000 -] 10.680 0.002] -8.044 0.000] 0.000 -
Mandate -12.622 -15.690 26.182 0.000

R Square 0.793 0.919 0.993 -
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Table A.5: Insurance companies’ overall utilities

o take ADAS deployment actions
(statistically significant attributes only)

INSURANCE COMPANIES Do nothing Option Standard
Overall utilities coeff sig coeff sig coeff sig
Constant 3.016 0.000f 5.032 - 4.447 -
ADAS

Speed Assistant 0.358 0.014{ 0.000 - 0.000 -
Congestion Assistant 0.000 0.000 - 0.000 -
Safe Driving Assistant -0.358 0.000 0.000
Authorities' action

Do nothing 0.794 0.001] 0.000 -] 0.000 -
Tax reduction -0.496 0.007[ 0.000 - 0.000 -
Mandate -0.299 0.000 0.000

R Square 0.928 - -

Table A.6: Insurance companies’ overall probabilites in (%) to take ADAS deployment

actions (statistically significant attributes only)

INSURANCE COMPANIES Do nothing Option Standard Other
Overall probabilities coeff  sig coeff sig coeff sig coeff Sig
Constant 47.302 -| 28.572 -| 16.668 - 7.462

R Square - - - -
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Public authorities

Table B.1: Public authorities’ utilities to take ADAS deployment actions — Passive

Deployers (statistically significant attributes ony)

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 5.463 0.000] 3.426 0.004/ 1.414 0.000
ADAS

Speed Assistant -0.193 0.035] 0.000 - 0.350 0.040
Congestion Assistant 0.293 0.016[ 0.000 - 0.000 -
Safe Driving Assistant -0.100 0.000 -0.350
Industry action

Do nothing -0.253 0.021] 0.000 -| 0.438 0.017
Option -0.280 0.017[ 0.000 -] 0.000 -
Standard 0.533 0.000 -0.438
Insurance action

Do nothing 0.293 0.016/ 0.000 -| 0.000 -
Option -0.403 0.008( 0.000 -] 0.000 -
Standard 0.110 0.000 0.000

R Square 0.995 - 0.744

Table B.2: Public authorities’ utilities to take ADAS deployment actions — Deployment

Champions (statistically significant attributes onl)

PUBLIC AUTHORITIES Do nothing Tax reduction Mandate
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 3.950 0.000] 5.606 -| 4.606 0.000
ADAS

Speed Assistant 0.000 - 0.000 - 0.350 0.001
Congestion Assistant 0.000 - 0.000 - 0.000 -
Safe Driving Assistant 0.000 0.000 -0.350
Industry action

Do nothing -1.222 0.007| 0.000 -] 0.988 0.000
Option 0.000 -| 0.000 -] 0.618 0.000
Standard 1.222 0.000 -1.606
Insurance action

Do nothing 0.000 - 0.000 - 0.000 -
Option 0.000 -| 0.000 -| -0.223 0.003
Standard 0.000 0.000 0.223

R Square 0.673 - 0.998
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Automotive industry

Table B.3: The automotive industry’s utilities to ake ADAS deployment actions — Active

Deployers (statistically significant attributes ony)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 1.656 0.000] 6.711 0.001 6.128 0.000
Authorities' action

Do nothing 0.861 0.000] 0.000 -] -1.728 0.000
Tax reduction -0.356  0.002[ 0.000 -| 0.306 0.017
Mandate -0.506 0.000 1.422
Insurance action

Do nothing 0.500 0.000f 0.000 -] -0.308 0.010
Option 0.000 -1 0.000 -] 0.000 -
Standard -0.500 0.000 0.308

R Square 0.985 - 0.989

Table B.4: The automotive industry’s utilities to take ADAS deployment actions —

Restrained Deployers (statistically significant atibutes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 4.222 0.000f 3.222 0.000[ 3.978 0.004
Authorities' action

Do nothing 3.167 0.000] 0.000 -| -3.044 0.000
Tax reduction 0.000 - 1.967 0.000] -2.311 0.000
Mandate -3.167 -1.967 5.356

R Square 0.958 0.857 0.980
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Table B.5: The automotive industry’s utilities to ake ADAS deployment actions —

Adaptive Deployers (statistically significant attributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 3 coeff  sig coeff sig coeff sig
Constant 1.933 0.002] 5.311 0.000] 4.256 0.000
Authorities' action

Do nothing 1.767 0.023] 1.022 0.007| -2.883 0.000
Tax reduction -0.900 0.061f 2.822 0.000] 0.000 -
Mandate -0.867 -3.844 2.883
Insurance action

Do nothing 0.817 0.053] 0.000 -] 0.000 -
Option 0.000 -1 0.000 -] 0.000 -
Standard -0.817 0.000 0.000

R Square 0.852 0.976 0.932

Table B.6: The automotive industry’s utilities to take ADAS deployment actions —

Option-prone Deployers (statistically significant détributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 4 coeff  sig coeff sig coeff sig
Constant 0.000 - 7.056 - 0.000 -
R Square - - -

Table B.7 The automotive industry’s utilities to t&ke ADAS deployment actions —

Standard-prone Deployers (statistically significantattributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard
Utilities Cluster 5 coeff  sig coeff sig coeff sig
Constant 1.601 -] 4.891 0.000, 7.488 0.000
ADAS

Speed Assistant 0.000 -] -0.353 0.024| -0.667 0.041
Congestion Assistant 0.000 - 0.000 - 0.000 -
Safe Driving Assistant 0.000 0.353 0.667
Authorities' action

Do nothing 0.000 -] 0.362 0.036/ -0.500 0.100
Tax reduction 0.000 - 0.819 0.001f 0.000 -
Mandate 0.000 -1.181 0.500

R Square - 0.952 0.636
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Table B.8: The automotive industry’s probabilitiesin (%) to take ADAS deployment

actions — Active Deployer (statistically significahattributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Probabilities Cluster 1 coeff  sig coeff sig coeff sig coeff sSig
Constant 11.356 0.002| 52.422 0.000] 32.756 0.000] 3.467 0.000
Authorities' action

Do nothing 6.600 0.056| 0.000 -| -13.733 0.000] 0.000 -
Tax reduction 0.000 - 0.000 - 0.000 - 0.000 -
Mandate -6.600 0.000 13.733 0.000
Insurance action

Do nothing 0.000 - 0.000 - 0.000 -] -1.133 0.000
Option 0.000 - 0.000 - 0.000 - 0.800 0.002
Standard 0.000 0.000 0.000 0.333

R Square 0.428 - 0.932 0.909

Table B.9: The automotive industry’s probabilitiesin (%) to take ADAS deployment

actions — Reluctant Deployer (statistically signittant attributes only)

AUTOMOTIVE INDUSTRY Do nothing Option Standard Other
Probabilities Cluster 2 coeff  sig coeff sig coeff sig coeff sig
Constant 44.089 0.000[ 29.500 0.000[ 22.800 0.000] 3.611 0.002
ADAS

Speed Assistant 0.000 - 0.000 - 0.000 -] -0.917 0.033
Congestion Assistant 0.000 - 0.000 - 0.000 - 0.000 0.000
Safe Driving Assistant 0.000 0.000 0.000 0.917
Authorities' action

Do nothing 24.800 0.000[ 0.000 -| -16.900 0.000| -3.278 0.001
Tax reduction 0.000 -] 11.667 0.002] -11.967 0.000| -2.444 0.003
Mandate -24.800 -11.667 28.867 5.722
Insurance action

Do nothing 0.000 -1 0.000 -| 0.000 -] 0.722 0.083
Option 0.000 -1 0.000 -| 0.000 -] -0.944 0.044
Standard 0.000 0.000 0.000 0.222

R Square 0.920 0.754 0.987 0.993
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Table B.10: The automotive industry’s probabilitiesin (%) to take ADAS deployment

actions — Adaptive Deployer (statistically signifiant attributes only)

AUTOMOTIVE INDUSTRY

Do nothing Option Standard Other
Probabilities Cluster 3 coeff  sig coeff sig coeff sig coeff Sig
Constant 15.611 0.000] 35.389 0.000] 48.333 0.000[ 0.000
Authorities' action
Do nothing 15.500 0.000f 17.611 0.000| -34.000 0.000f 0.000
Tax reduction 0.000 -1 17.778 0.000] -17.000 0.000[ 0.000
Mandate -15.500 -35.389 51.000 0.000
R Square 0.899 0.982 0.995 -
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Insurance companies

Table B.11: Insurance companies’ utilities to takeADAS deployment actions — Active

Deployers (statistically significant attributes ony)

INSURANCE COMPANIES Do nothing Option Standard
Utilities Cluster 1 coeff  sig coeff sig coeff sig
Constant 1.733 - 6.067 - 5.511

R Square - - -

Table B.12: Insurance companies’ utilities to takeADAS deployment actions — Non-

Deployers (statistically significant attributes ony)

INSURANCE COMPANIES Do nothing Option Standard
Utilities Cluster 2 coeff  sig coeff sig coeff sig
Constant 6.222 - 2.444 - 1.778 -
R Square - - -

Table B.13: Insurance companies’ probabilities in %) to take ADAS deployment

actions — Active Deployer (statistically significahattributes only)

INSURANCE COMPANIES

Do nothing Option Standard Other
Probabilities Cluster 1 coeff  sig coeff sig coeff sig coeff sig
Constant 23.333 -| 40.694 0.000] 24.167 -] 11.806
Authorities' action
Do nothing 0.000 -| -6.528 0.002| 0.000 -] 0.000
Tax reduction 0.000 - 7.222 0.001f 0.000 -| 0.000
Mandate 0.000 -0.694 0.000 0.000
R Square - 0.862 - -

Table B.14: Insurance companies’ probabilities in %) to take ADAS deployment

actions — Non-Deployer (statistically significant tiributes only)

INSURANCE COMPANIES Do nothing Option Standard Other
Probabilities Cluster 2 coeff  sig coeff sig coeff sig coeff sig
Constant 79.258 -1 12.407 - 6.667 - 1.669

R Square
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Getting ADAS on the Road — Summary

The current level of traffic demand is exceedingitifrastructure supply in densely populated
areas, such as the Randstad area in the NetherlEmddeads to problems in terms of traffic
safety, traffic flow and the environment. New teglugies, such as Advanced Driver
Assistance Systems (ADAS), are promising meansetp dvercome these problems. To be
effective, ADAS need to be installed in a substmumber of vehicles. The speed at which
this will be achieved depends on the deploymenbmastof relevant actors with respect to
ADAS - public authorities, the automotive industinsurance companies, and users. Current
knowledge about actors with respect to ADAS deplentis predominantly focused on
public authorities and users. This knowledge isntyaiimited to the preferences of these
actors for alternative ADAS technologies; prefeemtor alternative deployment options for
ADAS have rarely been studied. The positions oflipuuthorities, automotive industry and
users regarding ADAS are fairly well known, butsituncertain what is the relation between
these positions and the deployment actions thetmsacan be expected to take. As a
consequence, the potential interactions betweeadters’ deployment actions have also yet
to be studied.

Conceptual model
In this dissertation, ADAS deployment is conceptaead as a system of actors’ interactions. A
conceptual model of this system was developed,ritdesg the relations between public
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authorities, the automotive industry and insuracampanies, and between these actors and
the user. These relations represent the actions dhe take that could influence the other
actors’ actions, and that eventually could inflleetite deployment rate of ADAS (see Figure
1). This conceptual model was developed to exptbfierent deployment scenarios (i.e.
combinations of deployment actions of public auties, the automotive industry, and
insurance companies), and the outcome of thes@ylapht scenarios in terms of the users
choice to buy an ADAS in their next new car. Ungieig models of actor and user decision-
making, based on existing theories of human detisiaking, serve as building blocks for
this conceptual model.

Public Insurance
Authorities Companies

5
I
r | 2 /
Automotive |
Industry

ADAS MARKET
o
8

A 4

ADAS Deployment rate

Figure 1: Conceptual model of actors’ interactionsn ADAS deployment

Methodology

The conceptual model adopted in this dissertaBat some points different from models that
are assumed in common methodologies to study racitir decisions. The main difference is
the explicit inclusion of the user reaction in thedel. As a result, a customized methodology
needed to be developed to study the system ofsaéghderactions in ADAS deployment. The
conceptual model was translated into a stochastidem in order to explore the probabilities
of different deployment scenarios. The underlyingdels of actor and user decision-making
were translated in mathematical models to evaltreeutility or probability of a deployment
action, as a function of the deployment scenarie hathematical models of actor and user
decision-making were to be estimated based ondspatference data, collected by means of
questionnaires. These estimated actor and userglsnagtre then to be integrated in the
stochastic model.

Deployment scenarios

The deployment scenarios to be addressed weresfiestified. For each of the actors, three
different options for taking deployment actions &vdefined, which includdoing nothing an
option tostimulate adoption of ADA&nd an option tforce adoption of ADAS-or users, the
deployment scenarios were reflected by their imfge on ADAS purchase costand
insurance premium reductiomhe deployment scenarios were considered forrabeu of
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ADAS, aSpeed Assistand Congestion Assistanand aSafe Driving AssistanThese ADAS
were expected to be particularly interesting to deployed for, respectively, public
authorities, the automotive industry, and insuracwapanies.

Actor study and estimation of actor models

A guestionnaire among actors to collect data tonegé the underlying actor models resulted
in 45 respondents from the automotive industry,fi2dn public authorities, and 7 from
insurance companies. In this questionnaire, theoregents were asked to evaluate the utility
they derive from each of their three deploymentian®, given the current deployment
scenario and a certain ADAS. They were also as&eslvaluate the probability that each of
the deployment options will be applied by the agiaup of which they are a member. From
the resulting data, utility and probability modelere estimated for each of the actors. In
these models, the dependent variable is the utlityrobability of a certain deployment
option, and the independent variables are the udeployment scenario (i.e. deployment
actions taken by other actors), and the ADAS.

The main conclusion that can be drawn from the ltiegumodels is that the automotive
industry and public authorities are the most imgatrtactors in ADAS deployment, and that
the deployment actions of other actors have mdheeince on the utilities and probabilities of
deployment actions than the ADAS types, which pdotee be insignificant. The automotive
industry is expected to take action first; whiclegfic action depends on the action of public
authorities. The probability that public authosstieill take action is expected to be low, and
relatively insensitive to what the automotive inilyss doing. Insurance companies prove to
be relatively insensitive to the actions of othetoes, and the other actors are also insensitive
with regard to the insurance companies’ action®g piobability that they will take action is
fairly low. All of these conclusions were drawn bdsupon the average utilities and
probabilities over all respondents for the thrergroups. However, it was found that
subgroups of respondents with different strategggmrding ADAS deployment are present
within these actor groups.

Subgroups of respondents with different strategies

Subgroups of respondents with different strategwese identified by means of a cluster
analysis, applied to the utility and probabilitytalaollected by means of the questionnaire.
The results showed that the automotive industrast heterogeneous with respect to taking
ADAS deployment actions. This heterogeneity mansgfetself in different preferences for
deployment actions, and different susceptibilityriftuence of public authorities. This means
that it can be expected that different parts of dnéomotive industry will show different
strategies with regard to ADAS deployment. For publthorities, different subgroups were
only identified based on the utility data. Thesbegoups differed mainly in their preference
of deployment actions: one group preferred dointhing, and another to take action. The
same was found for insurance companies, basedeoutility data as well as the probability
data. Examining the background characteristichefdifferent respondents in the subgroups,
it was found that insurance company respondentsexpected an inactive role of insurance
companies were relatively more familiar with ADABah the subgroup that expected an
active role. They also perceived the impacts of ABAS as less positive. This could mean
that when familiarity with ADAS increases in theute, insurance companies are not likely
to play a part in ADAS deployment. Similar resuwtsre found for public authorities, but the
effect was less strong than for insurance companies
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User study and estimation of user models

A questionnaire among potential users to colleta da estimate the underlying user models
resulted in 250 respondents from a car users’ pdnehis questionnaire, the respondents
were asked to indicate whether or not they woulgg ba ADAS, given the deployment
scenario and type of ADAS. From the resulting datehoice model (logit) was estimated. In
this model the dependent variable is the probghiliat users will buy an ADAS, and the
main independent variables are the ADAS type, ast; and its related insurance premium
reduction. Further variables included in the madete age, gender, mileage, price of car, and
whether the ADAS is purchased on a new car, othf@respondent’s current car.

The results showed that the probability that uséieose to buy a Safe Driving Assistant is
higher than the probability that they would chotsduy a Speed Assistant or a Congestion
Assistant. Possibly, users are more interestedhforming systems than more intervening
systems. The results of the user survey show ifhatfors want to stimulate users’ choice to
buy an ADAS, applying a reduction on the purchasgtcmay prove to be more effective
than a reduction on the monthly insurance premibmally, there is a large heterogeneity
among users with respect to the utility they defreen buying an ADAS, which could only
be partly explained by the respondents’ age, genuédeage, the price of their car, and
whether the ADAS is purchased for a new car or tt@irent car.

Application of the model

Based on the results of the actor and user stuies;onceptual model of actors’ interactions
in ADAS deployment was updated (see Figure 2). fidiations initially assumed to exist
between the insurance companies on the one haddpwlic authorities and automotive
industry on the other hand, were removed from tloeleh since they did not prove to be
relevant from the research results. The stochastidel was simplified accordingly, and was
applied to explore different deployment scenaritise probability of different deployment
scenarios was determined for several starting tiondi (i.e. initial deployment scenarios),
based on the results of the actor survey. The m#cof the deployment scenarios — the
probability that users will buy an ADAS — was detéred based on the results of the user
survey.

The results show a probability of about 69% thatA&Dare going to be deployed by some
action of the automotive industry. If they providdDAS as an option, for which the
probability is about 45%, the probability that usevill buy an ADAS is likely to be about
16%. Not all subgroups of automotive industry exgerch a high probability that ADAS will
be provided as an option, their expectations vatyvben 26% and 52%. Public authorities
are not expected to play a big role, but if theyldoapplying a 1500 euros tax reduction on
ADAS can have large effects on the deployment ofASD The expectations of the
automotive industry subgroups converge; if a taduotion is applied the probability that
ADAS will be provided as an option vary between 42%d 52%. Furthermore, the
probability that users are will buy an ADAS is likéo increase to 50% as a result of the tax
reduction. The relatively small effects of insuran@remium reductions add to the earlier
conclusion that insurance companies are not exgidoteplay an important role in ADAS
deployment. That does not mean they will not inic& any insurance policies in
combination with ADAS, but the types of ADAS for igh these policies are developed are
expected to be limited to applications that arecsjgally of interest for insurance companies.
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Figure 2: Updated conceptual model of actors’ inteactions in ADAS deployment
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Op weg naar wegen met ADAS — Samenvatting

Het huidige niveau van de verkeersvraag overstijgdichtbevolkte gebieden, zoals de
Randstad, het aanbod van de infrastructuur. Dilt [t problemen op het gebied van de
verkeersveiligheid, de doorstroming van het verkeetwverk en het milieu. Nieuwe
technologieén, zoals Advanced Driver Assistancetefys (ADAS), zijn veelbelovende
middelen om deze problemen te helpen voorkomen. éffectief te zijn moeten ADAS
worden geinstalleerd in een substantieel aantattuigen. De snelheid waarmee dit zal
worden bereikt hangt af van de implementatie-actas relevante actoren — de overheid, de
automobielindustrie, verzekeringsmaatschappijengehruikers. De huidige kennis over
actoren met betrekking tot de implementatie van ADK voornamelijk gefocust op de
overheid en gebruikers. Deze kennis is grotendbefserkt tot de preferenties van deze
actoren met betrekking tot alternatieve ADAS tedbgi@én. Preferenties met betrekking tot
alternatieve implementatie-opties voor ADAS zijddes onderzocht. Over de standpunten
van de overheid, de automobielindustrie en gebrsiten opzichte van ADAS is betrekkelijk
veel bekend, maar het is onzeker wat de relatisetusdie standpunten en welke
implementatie-acties we van deze actoren kunnemvaddtten. Logischerwijze zijn de
interacties tussen de implementatie-acties van detoeen ook nog niet onderzocht.
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Conceptueel model

In dit proefschrift is de implementatie van ADAScgaceptualiseerd als een system van
interacties tussen actoren. Een conceptueel maaetit systeem is ontwikkeld, en beschrijft
de relaties tussen de overheid, de automobielindush de verzekeringsmaatschappijen, en
tussen deze actoren en de gebruiker. Deze relaregenwoordigen de acties die de actoren
kunnen ondernemen die invioed kunnen uitoefenedeopcties van andere actoren, en die
uiteindelijk invloed kunnen uitoefenen op de impétatiegraad van ADAS (zie Figuur 1).
Dit conceptuele model is ontwikkeld om verschillendmplementatiescenario’s (i.e.
combinatie van implementatie acties van de overheiel automobielindustrie en de
verzekeringsmaatschappijen) en de uitkomst van depkementatiescenario’s, in de vorm
van de keuze van de gebruiker om een ADAS op eamnva auto aan te schaffen, te kunnen
verkennen. Onderliggende modellen van besluitvagmatoor actoren en gebruikers,
gebaseerd op theorie over besluitvorming door mendeenen als bouwstenen voor dit
conceptueel model.
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Figuur 1: Conceptueel model van de interacties tuss actoren m.b.t. de implementatie
van ADAS

Methodologie

Het conceptueel model dat is gebruikt in dit proefgt verschilt op enkele punten van
modellen die zijn aangenomen in gebruikelijke md#® om multi-actor beslissingen te
bestuderen. Het belangrijkste verschil is dat éetre van de gebruiker expliciet in het model
is opgenomen. Als gevolg daarvan moest een passeeti®dologie worden ontwikkeld om
het systeem van actor interacties met betrekkihgléamplementatie van ADAS te kunnen
bestuderen. Het conceptuele model is vertaaldnnseechastisch model zodat de kansen van
verschillende implementatiescenario's kunnen wordeerkend. De onderliggende
besluitvormingsmodellen voor actoren en gebruikgrsvertaald in wiskundige modellen die
het nut van of de kans op een implementatie-actialueren als functie van het
implementatiescenario. Deze wiskundige modellen steme worden geschat op basis van
zogenaamde ‘stated preference’ data, verzameld daitel van vragenlijsten. De geschatte
modellen moesten vervolgens worden geintegreendtistochastische model.
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Implementatiescenario’s

De implementatiescenario’s die moesten worden nmesgen in het onderzoek zijn vooraf
gedefinieerd. Implementatiescenario’s bestaanaiitriplementatie-acties die door de actoren
(de overheid, de automobielindustrie en de verzeggemaatschappijen) zijn ondernomen.
Voor elk van de actoren zijn drie verschillendei@ptoor implementatie-acties gedefinieerd:
niets doeneen optie voor hettimuleren van ADAS adoptien een optie voor hébrceren
van ADAS adoptieVoor gebruikers zijn de implementatiescenario’sevgegeven door
middel van de aanschafkosten voor ADA®nN reductie op verzekeringspremieDe
implementatiescenario’s zijn beschouwd voor eenetdli verschillende ADAS: een
SnelheidsassisteneenFileassistenten eenVeilig Rijden Assistentvan deze ADAS werd
verwacht dat ze met name interessant waren om péementeren voor respectievelijk de
overheid, de automobielindustrie en de verzekenragdschappijen.

Actoronderzoek en schatten van actormodellen

Een vragenlijst uitgezet onder actoren om dataelzamelen voor het schatten van de
onderliggende actormodellen resulteerde in 45 mdpaten vanuit de automobielindustrie,
20 vanuit de overheid, en 7 vanuit verzekeringsataappijen. In de vragenlijst werd de

respondenten gevraagd om het nut dat zij ontleaarhan drie verschillende implementatie-
acties, gegeven het huidige implementatiescenarieen zekere ADAS. Ze werden ook
gevraagd om de kans aan te geven dat elk van déenmptatie-acties zou worden

ondernomen door de actor groep waar ze deel vamakén. Op basis van de resulterende
data zijn nutsmodellen en kansmodellen geschat @iorvan de actoren. In deze modellen is
de afhankelijke variabele het nut of de kans vam &&kere implementatie-actie, en zijn de
onafhankelijke variabelen het huidige implemensaémario (bestaand uit de implementatie-
acties die andere actoren hebben ondernomen) ADAS.

De hoofdconclusie die uit de resulterende modekam worden getrokken is dat de
automobielindustrie en de overheid de belangrijlest®ren zijn, en dat de implementatie-
acties van andere actoren meer invioed op de nattetle kansen van implementatie-acties
hebben dan de verschillende ADAS, die niet sigaific bleken te zijn. Van de
automobielindustrie kan worden verwacht dat deZeebest tot actie overgaat; het hangt af
van wat de overheid doet welke specifieke actiezmilen ondernemen. De kans dat de
overheid daadwerkelijk actie onderneemt wordt vetwdaag te zijn, en relatief ongevoelig
voor wat de automobielindustrie doet. Verzekeringatschappijen blijken relatief
ongevoelig te zijn voor de acties van de andererast en de andere actoren zijn ook
ongevoelig met betrekking tot hun acties. De kaas \terzekeringsmaatschappijen actie
ondernemen is voorts betrekkelijk laag. Al dezectagies zijn getrokken op basis van de
gemiddelde nutten en kansen van de respondentendeodrie actorgroepen. Het is echter
vastgesteld dat er subgroepen van respondentenensehillende strategieén ten aanzien van
ADAS implementatie bestaan binnen de actorgroepen.

Subgroepen van respondenten met verschillendesgtesin

De subgroepen van respondenten met verschillemdéegieén zijn geidentificeerd door

middel van een clusteranalyse, toegepast op de antkansdata die verzameld was door
middel van de vragenlijst. Op basis hiervan werdogden dat de automobielindustrie het
meest heterogeen is met betrekking tot het ondenesan implementatie-acties voor ADAS.

Deze heterogeniteit manifesteert zich in de vellecide preferenties voor implementatie-
acties, en de verschillende ontvankelijkheid vo®ind/loed van de overheid. Dit betekent dat
kan worden verwacht dat, in eerste instantie, Yd@isode delen van de automobielindustrie
verschillende strategieén zullen laten zien metek&ing tot ADAS implementatie. Voor de
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overheid konden alleen subgroepen worden geideseifd op basis van de nutsdata. Deze
subgroepen verschilden met name op hun preferevibi@simplementatie-acties: een groep
prefereerde niets doen, terwijl een andere groegepmerde om actie te ondernemen.
Hetzelfde werd gevonden voor verzekeringsmaatsdjesppp basis van zowel de nuts als de
kansdata. Uit het onderzoeken van enkele achteitgavakteristieken van de respondenten in
de subgroepen bleek dat respondenten van verzgkeraatschappijen die een inactieve rol
voor verzekeringsmaatschappijen verwachtten betderdd waren met ADAS dan de
subgroep die een actieve rol verwachtte. Ook sahattj de effecten van ADAS minder
positief in. Dit zou kunnen betekenen dat als dé&ebdheid met ADAS onder de
verzekeringsmaatschappijen in de toekomst toenebsit,niet waarschijnlijk is dat de
verzekeringsmaatschappijen een rol spelen in ddemgmtatie van ADAS. Vergelijkbare
resultaten werden gevonden voor de overheid, metaffect was hier minder sterk.

Gebruikersonderzoek en schatten van gebruikersreodel

Een vragenlijst uitgezet onder potentiéle gebrskem data te verzamelen om de
onderliggende gebruikersmodellen te schatten endé in 250 respondenten uit een panel
van autogebruikers. In deze vragenlijst werdenedpandenten gevraagd aan te geven of zijj
wel of niet een ADAS zouden kopen, gegeven hetempintatiescenario en het type ADAS.
Op basis van de resulterende data werd een keurtrflogit) geschat. In dit model is de
afhankelijke variabele de kans dat gebruikers eBA® aanschaffen, en de belangrijkste
onafhankelijke variabelen het type ADAS, de aantdsden en de gerelateerde reductie op
de verzekeringspremie. Verdere variabelen die innhedel zijn opgenomen zijn leeftijd,
geslacht, het aantal kilometers dat jaarlijks waeiteden, de aanschafkosten van de auto, en
of de ADAS wordt aangeschaft voor een bestaandg een nieuwe auto.

De resultaten laten zien dat de kans dat gebruikers Veilig Rijden Assistent zullen
aanschaffen hoger is dan de kans dat zij een Sds#issistent of een Fileassistent zullen
aanschaffen. Mogelijk zijn gebruikers meer geirgseerd in informerende dan in
interveniérende systemen. De resultaten van hetutgeiosonderzoek laten zien dat, als
actoren de keuze van gebruikers voor een ADAS witleinvioeden, het toepassen van een
korting op de aanschafkosten wel eens effectievean kijn dan een reductie op de
maandelijkse verzekeringspremie. Tenslotte is arggete heterogeniteit wat betreft het nut
dat gebruikers ontlenen aan het aanschaffen va\B&®. Deze heterogeniteit kan slechts
deels worden verklaard door de leeftijd en hetayddl van de respondenten, hun jaarlijks
aantal kilometers, aanschafkosten van de autof ele &dDAS wordt aangeschaft voor een
bestaande of op een nieuwe auto.

Toepassing van het model

Gebaseerd op de resultaten van het actorenondeerodiet gebruikersonderzoek is het
conceptueel model van interacties tussen actorenbeteekking tot ADAS implementatie
aangepast (Figuur 2). De relaties waarvan aanvignketrd aangenomen dat ze bestonden
tussen de verzekeringsmaatschappijen aan de eng kan de overheid en de
automobielindustrie aan de andere kant, zijn uit hdel verwijderd omdat uit de
onderzoeksresultaten bleek dat ze niet relevargmwar
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Figuur 2: Aangepast conceptueel model van intera@s tussen actoren m.b.t. de
implementatie van ADAS

Het stochastisch model is op vergelikbare wijzeeeavoudigd, en is toegepast om
verschillende implementatiescenario’'s te verkenneDe kans op verschillende
implementatiescenario’s is bepaald voor een aawmtaschillende startcondities (initiéle
implementatiescenario’s), gebaseerd op de resnltate het actorenonderzoek. De uitkomst
van de implementatiescenarios’s — de kans dat gefssueen ADAS zullen aanschaffen — is
bepaald op basis van de resultaten van het gelsoikgerzoek.

De resultaten laten zien dat wordt verwacht dakales rond de 69% is dat ADAS zullen
worden geimplementeerd door een implementatie-aetie de automobielindustrie. Als ze
ADAS als optie aanbieden, waarop de kans 45%, ikates dat gebruikers een ADAS
aanschaffen waarschijnlijk rond de 16%. Niet allbgroepen van de automobielindustrie
verwachten een dergelijke hoge kans dat ADAS alse apal worden aangeboden, hun
verwachtingen variéren tussen de 26% en 52%. Vaovdeheid wordt niet verwacht dat ze
een grote rol zal spelen, maar als ze dat wel Barrhet toepassen van een reductie van 1500
euro op de BPM grote effecten hebben op de impletienvan ADAS. De verwachtingen
van de subgroepen van de automobielindustrie cgeven: als een belastingreductie wordt
toegepast varieert de kans dat ADAS als optie zalen aangeboden tussen de 42% en de
52%. Voorts is het waarschijnlijk dat de kans dalbrgikers een ADAS zullen aanschaffen
toeneemt tot 50% als gevolg van de belastingreelu€ie relatief kleine effecten van de
reductie van de verzekeringspremie dragen bij aanedrdere conclusie dat van de
verzekeringsmaatschappijen niet worden verwachtzdaeen belangrijke rol spelen in de
implementatie van ADAS. Hun potentiéle invioed ep, belang bij de implementatie van
ADAS zal daarvoor waarschijnlijk te klein zijn. Dhetekent niet dat ze in het geheel geen
verzekeringspolissen in combinatie met ADAS zullanbieden, maar het type ADAS
waarvoor deze polissen zullen worden ontwikkelderuhaar verwachtingen beperkt zijn tot
toepassingen die specifiek interessant zijn voareleringsmaatschappijen.
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