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1. Introduction

Notwithstanding the undeniable and fortunate dessrea crashes, deaths and injuries in
European road traffic, the extent of human suffgremd economic loss still remains
unacceptable. Over 42,000 road users are killdguropean Union (EU) countries annually
and around 3,5 million are injured, when under-rgpg is taken into consideration. This
accounts for an annual cost of over 160 billionsoByEuropean Commission, 2001). In the
past, the effectiveness of casualty reduction piognes was largely attributed to measures
such as crash protection and drunk/drive meast®esd safety engineering measures had a
rather limited impact on casualty reduction. Thigynmn part be due to the high cost of such
measures. As a result, infrastructure improvemerd anforcement campaigns are not
expected to significantly contribute towards thé®bfeduction of road fatalities, which is set
as target for the EU for 2010 (European Commissif®)3). The use of new technologies
may be required to achieve this policy goal, esglcisince the combination of new
technologies with existing infrastructure, or withmited improvements of it, may lead to
much more cost-effective solutions.



The pan-European project Infrastructure and Saf@ty-SAFETY) involved the
participation of 29 partners from 12 European coestand was aimed at using intelligent,
intuitive and cost-efficient combinations of newchiaologies and traditional infrastructure
best practice applications in order to enhanceftingiving and self-explaining nature of
roads, thereby contributing to a set of EU transpolicy objectives, in particular regarding
road safety. Forgiving roads (FOR) and self-expfgjrroads (SER), two notions explained
below, were considered the main concepts instrumhémimproving road safety. The authors
contribution to the IN-SAFETY project, as describbdre in this paper, consisted of
performing an evaluation and prioritisation of eganumber of potential measures describing
future FOR and SER environments that could mateealin the future. This
selection/prioritization is performed in order ttow various stakeholders with special
emphasis on public policy makers to understand hwtyipes of future states of FOR and SER
environments command the highest expected ‘valudedidfrom the community of
stakeholders in its entirety, thereby uncoverinfigrmation on the probability of successful
implementation. The methodology used for this paegpes the multi-actor / multi-criteria-
analysis (MAMCA).

A self-explaining road (SER) can be defined asaa iwhich is designed and constructed
to evoke correct expectations from road users ({@wes and Godthelp, 1992), eliciting
proper driving behaviour, in this way reducing thelihood of driver errors and enhancing
driving comfort. Drivers have to cope with increagdy complex traffic environments,
including different types of road lay-out and alhdis of sign posting, many of which are
supported by telematics. In some cases this magsmp critical workload to the driver, such
as trying to read the variable message sign (VMS8ilenseeking the proper route in an
unfamiliar environment (often in a foreign languagad even with unfamiliar signs),
attempting to detect the required relevant piecanédrmation among an abundance of
information sources (like in-car navigation systertraffic management and information
centre or radio announcements, VMS, road signssages from advanced driver assistance
systems [ADAS], etc.).

A forgiving road (FOR) is defined as a road thatlésigned and built in such a way as to
interfere with or block the development of driviegors and to avoid or mitigate negative
consequences of driving errors, once started (Wagarad Aarts, 2005). To develop a
forgiving road environment certain characteristiwgst be included and measures should be
taken. These measures involve applications rel@tezither the infrastructure or telematics.
The assumption is that it is the combination ofasfructure and telematics measures that can
provide a more cost-efficient solution, as expemsifrastructure works may be substituted
by telematics or other innovative systems.

The MCA methodology as an evaluation approach Haagtradition and has its roots in
operational research (OR) (Charness and Coopef,) 18bre recently, however, MCA has
been applied in the context of economics-drivenjgmtoevaluation. This appears useful
especially when a neo-institutional approach toqmtoevaluation is adopted and multiple
stakeholders become relevant (De Brucker and Verb@007; Macharis, Stevens, De
Brucker and Verbeke, 2006; Macharis, 2000; De BencR000): MCA allows comparing a
number of actions (for instance, projects or poliogasures), or alternatives in terms of
specific criteria. These criteria represent therajpenalization of the policy objectives and

! The old institutional approach in economics toiclththe modern stakeholders’ approach followed sy t
authors can be linked, goes back to Commons (19@€prding to J. Commons, society is a complextgnti
of multiple actors with partly conflicting and plgrtconverging interests. The various ‘trade or abci
relations’ involving the actors or stakeholderssaofiead to conflicts, given problems of economiarsity.
The essence of economics (or policy making) is tfeesolve — or at least manage — these social ictsfl
Effective conflict management increases economiane This can be achieved through ‘collectivei@att
and ‘collective democratic planning’ or an ‘evolgisystem of rules’, these are institutions (Comn{a884]
1959: 73ff, 108ff, Klein 1984; Mitchell 1969:719)



sub-objectives of decision makers and stakeholgarsicipating in the decision-making
process. As a policy tool, the MCA methodology specially useful to structure complex
decision problems according to their constituemtsp@bjectives, sub-objectives as measured
by criteria) and to make comparisons among progigrnatives. This approach appears
especially useful when effects cannot be fully niseel, nor even quantified. Effects should
not be viewed less relevant for policy making beesait is difficult to quantify them. Forman
and Selly (2001), quoting A. Einstein, argue thait @verything that can be measured counts
and that not everything that counts can be measitrésl usually possible to link specific
stakeholders with specific criteria in the MCA, dmygldoing so stakeholder management can
effectively be implemented, as described in Mach@000), Macharis (2004) and Machatris,
Verbeke and De Brucker (2004). MCA can be viewedra&nstitution in action’ capable of
resolving conflicts between stakeholder interesis therefore contributing to the successful
implementation of a project or policy measure. M@& a decision procedure can be
associated to what is called the ‘rules of the dameinstitutional economics and the
stakeholders to the ‘players of the game’ (De Benand Verbeke, 2007).

In general terms, the process-related steps tollmeved in an MCA have a structure as
shown in_Figure 1

Figure 1: Process-related steps in MCA

1. Problem analysis

2. Generation of alternatives

v 1

3. Generation of a set of criteria

4. Completion of the evaluation matrix

5. Overall evaluation of the alternatives

'

6. Integration of the evaluation in the decision-
making process

Source: designed by the authors

In the following sections the MCA methodology wik applied to prioritise a number of
alternatives contributing to the creation of a F@QRd a SER environment and thus
contributing to a specific EU policy objective, n@lmincreasing road safety. The structure of
this paper will be analogous to the structure preskin_Figure 1

2 These two analogies (‘rules of the game’ andygia of the game’) are core concepts used by N@&80:3)
to define the notion of ‘institutions’ within thestitutional branch of economics.



2. Generation of alternativesto be selected/prioritised

Since the concepts of forgiving roads (FOR) anftesgblaining roads (SER) turned out to be
interdependent, the prioritisation of alternatineas done in parallel in the same MCA
application, both in terms of FOR and SER environteie The future states of these two
environments are interdependent because a numlmrafmeters/conditions instrumental to
creating a particular state for either of these émgironments will also affect the state of the
other.

An extensive set of alternatives has been idedtifiased on an exploration of the error
structure designed by the Bundesanstallt fur Stragssen (BAST), this is the German
Federal Highway Research Institute. In that erroucture, four levels of errors were
identified, namely : (1).evel 1 errors and accidentghich refer to the type of accident (for
instance single vehicle accident, frontal collisidateral collision, chain/rear collision,
collision with parked vehicle, collision with anitpa(2) Level 2 errors and accidentshich
can be described by the accident causes that @&dodtailure of the driver (for instance
speeding, wrong use of the road, violation agapmgirity rules, failure when overtaking,
failure when turning or entering, insufficient sgfdistance, load number of passengers, etc.),
whereby one accident can have more than one c@)desvel 3 errors and accidentghich
refer to ‘human’ errors (these are the specifiavian’/‘psychological’ elements of the error),
such as for instance information error (lack ofcpgtion, such as not having noticed the
traffic sign while passing), diagnostic error (in@xt evaluation of available information) and
performance error (incorrect execution of routipemtions, such as for instance not having
found the brake pedal) and finally @@vel 4 accideniswhich refer to the general
physiological condition of the driver (for instaneghaustion, fatigue, disorders, intoxication,
etc.). In addition, other conditions that also uefhce road safety, besides errors can be
identified, such as weather conditions (for instarfog, rain, wind, etc.), road surface
conditions (ice, oil, etc.), road conditions (gresy etc.), technical or maintenance faults,
improper behaviour of pedestrians, obstacles, etc.

As regards the identification of a set of toold th@ve the potential to improve road safety
by creating a FOR environment or a SER environmentas decided to start by analysing
the so-called ‘level 2 errors and accidents’ désctiabove, these are the errors and accidents
that are related to a failure of the driver. Tha aff the tools or alternatives to be developed is
to assist the driver in her or his complex drivitagk so as to create a safer driver
environment, which is considered an important adbjean EU transport policy.

The set of alternatives was finally developed bglgsing and expanding on the five most
important causes for accidents (‘level 2 errorstgntified in the German and European
accident statistics (Brookhuét al, 2006 and Wiethofét al, in prep.), namely : (19peeding
(2) violation of priority rules (3) wrong use of the road4) failure when overtakingind (5)
insufficient safety distancdn addition one more specific error related teeging was
identified by experts, namely : (6o fast in unexpected sharp benBsr these six accident
types innovative systems were identified that cordcthedy these errors and reduce the
number of accidents. The innovative systems westgded by combining the former six
errors with three dimensions along which tools bandeveloped, namely : (1he vehicle
(‘fautonomous in-vehicle tools’, this are systemat twork with information from in-vehicle
sensors only and that do not need any data comationicwith off-vehicle devices such as
other vehicles or infrastructure), (Z)e infrastructure(‘fautonomous infrastructure-based
measures’, this are measures that create or chraadeanfrastructure elements) and &3go-
operative tool(these are systems that exchange data betweeehicler and off-vehicle
devices, such as the infrastructure; these systeensonsidered to be examples of so-called
‘ambient intelligence’). A systematic overview dfet systems to be prioritised is given in
Table 1 The first row contains the three dimensions (eehiinfrastructure and the
cooperative version); the first column contains fite top errors in the category ‘level 2



errors’ and the remaining cells contain the actltrnatives or tools to be studied. The
alternatives as presented here should be viewé&gkasric’ ones, since they refer to a main
group or category of alternatives.

Table 1 : Generation of alternatives by combiningrs and
dimensions along which tools can be developed

Dimension  In-vehicle tool Infrastructure-based tool ~ Cooperati ve tool vehicle-
infrastructure (‘fambient
Error intelligence’)
Too fastin Unexpected sharp bends Vehicle is ‘analysed’ (for Electronic beacons (special
unexpected are registered red in a instance speed), VMS reflection posts) give additional

sharp bends

Speeding

Violation of
priority rules

Wrong use of
the road

Failure when
overtaking

Insufficient
safety distance

digital map of the
navigation-system and
presented to the driver

Speed alert system
functioning by recognition of
traffic signs

Traffic sign recognition

LDWA (Lane Departure
Warning Assistant)

Blind spot detection system
warning driver if a vehicle is
approaching from behind

Advanced Cruise Control
(ACC)

signals the danger of the
bend depending on the
actual speed

Speed limit is presented to
the driver by VMS under

consideration of special en-
vironmental circumstances

Traffic signs

Audible delineation

Separation of lanes by
rumble strips where
overtaking is forbidden

Fog detection warning
system; VMS warning

information on displays in the
vehicle about the road (for
instance warning: sharp bend)

Speed alert system, based on
digital maps containing legal
speed limits with additional info
on recommended safe speed

Traffic light status information
emission to car

Adaptive LDWA; Sensitivity of
LDWA is adapted in special con-
ditions such as road works,
tunnels

Cooperative system warning of
oncoming vehicles by vehicle-to-
vehicle communication

ACC set by local (on-site)
weather system: Dynamic ACC

Source : IN-SAFETY project team

A more detailed description of these generic a#teves is given in_Table.2This
description also includes parameters such as the df drivers (for instance young drivers,

old drivers, etc.), the type of vehicle (for instarpassenger car, heavy vehicle, etc.) and the
environmental preference in terms of traffic coiodis, road type, special road section,
lighting and weather.



Table 2 : Overview of alternatives contributinghe concepts of SER and FOR
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Too fast in Unexpected sharp bends are registered
unexpected . e L2
11 red in a digital map of the navigation- X X X X X X X X x| x
sharp bends on .
system and presented to driver
rural roads
Too fastin i "
vehicle is "analysed” (e.g. speed), VMS
unexpected N N
1.2 X signalize the danger of the bend X X X X X X X X x| x
sharp bends on N
depending on the actual speed
rural roads
Too fast in electronical beacons (special reflexion
unexpected posts) give additional information on
13 sharp bends on X displays in the vehicle about the road X X X X X X X X 2=
rural roads (e.g. warning: sharp bend)
2.1|Speeding X Speed‘A_Iert SVS’QT“ fgnctlomng by X X X X X X X x| x x| x
recognition of traffic signs
Speed Limit is presented to the driver
2.2|Speeding X by VMS under consideration of special | x X X X X X x| x x| x| x X X X
lenvironmental circumstances
Speed Alert Syst. based on digit.maps
2.3|Speeding X |containing legal speed limits with add. | x | x X | x X X X X x| x X X X X
info. on recommended safe speed
Wrong use of LDWA (Lane Departure Warning
3.1 X - X X x| x| x X x| x x| x X X
road Assistant)
3.2 Wrong use of X Audible delineation X X X X x| x X x| x X
road
Adaptive LDWA; Sensitivity of LDWA is
Wrong use of q h L
33 - x |adapted in special conditions., such as | x X X x| x| x X X x| x X X X
road works, tunnels
4.1 lelgtlon of X Traffic Sign recognition X X X X x| x X X
priority rules
4.2 VI.Ola.IIOH of X Traffic signs X X X X X X X
priority rules
Violation of Traffic light status information emission
43| X X X X X x| x X X
priority rules to car
Failure when Blind spot detection syst. warning driver
5.1 ) X A R ’ ) X X x| x x| x] x X X x| x X X X
overtaking if a vehicle is approaching from behind
Failure when Separation of lanes by rumble strips
5.2 ) X o ) X x| x X X X X X X X x| x| x X
overtaking \where overtaking is forbidden
. (Cooperative system warning of
Failure when . .
5.3 N x |oncoming vehicles by veh.-to-veh. x| x X X X X X X X X X X X
overtaking P
communication
6.1 Insufflm_em X Advanced Cruise Control ACC X x| x X X X x| x X X X
safety distance
Insufficient Fog detection warning system; VMS
6.2 ) X ) X X X X X x| x X X X
safety distance lwarning
6.3 Insufficient x ACC set by local (on-site) weather X X X X X x| x X X X
"~ |safety distance system: "Dynamic ACC"

Source : IN-SAFETY consortium partners (BAST, TUDal UDelft and USTUTT)

3. Generation of a set of criteria

The next phase in the MCA methodology is the coietitn of a set of criteria for the
evaluation and selection/prioritisation of altermas$ contributing to forgiving road (FOR) and
self-explaining road (SER) environments. For thisrpese, a two-step procedure was
followed. First, a special workshbpwith leading experts coming from IN-SAFETY
consortium partners was organised. At the end isf workshop, the experts agreed on a
decision tree as presented in Figure 2

® This workshop took place at the Technical Uniitgrsf Delft (TUDelft), on 6 and 7 February 2006dan
welcomed experts from the Bundesanstallt fir Strasesen (BAST), this is the German Federal Highway
Research Institute, the Technical University of Mstatt (TUDarm), the University of Stuttgart (USTUOT
and the TUDelft itself.



Figure 2 : Decision hierarchy for the prioritisatiof FOR and SER alternatives

OVERALL BENEFITS OF FORGIVING AND
SELFEXPLAINING R OADS

Level 1

Level 2

USERS SOCIETY / PUBL. POL. MAKERS MANUFACTURERS
drivers/fleet owners/emerg.centr. road managers / authorities car man./equip.man./syst.prov./content prov.
Level 3
Driver ||Full user|| Driver | | Travel time Network | [ Overall || Socio-pol. || Public | [Environm. Investm. || Liability | | Techn.
comfort cost safety || duration effic. safety ||acceptance||expend.|| effects risk risk feasib.

Level 4 | Alt. 1 | | Alt. 2 | | Al 3 | I:I

Source : IN-SAFETY project team

The top level of the decision tree shown in FigRirepresents the focus or overall policy
objective, namely creating benefits by making thedrenvironment more forgiving and more
self-explaining. At the second level, three grogpsnain stakeholders are shown, namely
(1) the users, (2) society/public policy makers #BJdmanufacturers. Within each group of
stakeholders, a number of sub-categories couldémified such as drivers, fleet owners and
emergency centres (for the main category ‘usersdd managers and authorities (for the
main category ‘authorities’) and car manufacturegguipment manufacturers, system
providers and content providers (for the main catggmanufacturers’). As regards these
sub-categories, it turned out that it was not nemgsto include them as separate groups,
since the preferences of these sub-groups wersubstantially different from each other and
since some of these sub-groups were not organimsedch a way so as to exert a substantial
influence on policy making. At the third level, thwiteria are listed that these main
stakeholders consider relevant. At the lowest |etve alternatives are shown that need to be
prioritised. These alternatives were identifiedlascribed in section 2.

It should be noted that the second stakeholddeyat 2) in_Figure Zepresents the point
of view of public policy in general. The sub-systémat is formed by this stakeholder and all
its lower level elements is the most important system from a public policy point of view,
since it represents the overall societal pointiefw The two remaining sub-systems, formed
by the users (this is the demand side of the mgnletpectively the manufacturers (this is the
supply side) and their lower level elements, as® anportant but in another context, since
successful implementation of alternatives by publddicy makers (this is the middle sub-
system in_Figure 2is indeed only possible when the decisions madbeooptions chosen by
these public policy makers are concordant, at leaatcertain extent, with the interests of the
other stakeholders. If this is the case, then th@i@ policy objective will be facilitated by the
actions taken by the other stakeholders and itlvaleasier for public policy makers to have
their policies implemented. This way of using stader management as facilitating (or



obstructing) public policy implementation is fullg line with the actual definition of the
concept of ‘stakeholder by Freeman (1984) whordsfia stakeholder as any individual or
group who can affect an organization’s performamrceho is affected by the achievement of
this organization's objectives. Mitchelt al. (1997) classified stakeholders based upon three
attributes, namely power, legitimacy, and urgerdoytheir model, stakeholder salience, as
perceived by decision makers, is positively relai@dhe cumulative impact of these three
stakeholder attributes. It should, therefore, marchow that the MCA procedure followed
here, this means building upon stakeholder interastnot merely a tool for assessing the
potential of new product development, but thategsence, it serves public policy making,
especially as regards road safety in this case. NIGB& that will be performed in the
following sections, therefore, needs to be desigmedguch a way so as to be able to
investigate to which extent the solutions chosethiwithe second sub-system (public policy
view) are concordant with the solutions preferrgdtiite users and the manufacturers. In a
perfect market (which is the standard assumptioneio-classical economics), the priorities
derived at the demand side of the market wouldxpeaed to be fully concordant with the
ones derived at the supply side, and governmerngubtic policy intervention (this is the
middle sub-system in_Figure) #vould not be an important issue (what would bedyfor
users would also be good for society). This isrdediy not the case here and several reasons
can be identified for this. First, there are a neambf external effects (such as effects on
safety, including third part safety effects such effects on pedestrians and cyclists,
environmental effects, etc.), which are also radévar EU transport policy making. Second,
infrastructure and also safety have the charadtarpmublic good, which can only be financed
with government funds to be provided by public pplmakers. Third, there may be bounded
rationality and consumer preferences may be insterdi over time (consumers often prefer
to consume goods which result in an immediate témporary award, but which may result
in a large cost or sacrifice in the future, fortamce road accidents, often underestimated at
the time the decision is made). This means thairvention in the market by public policy
makers is highly necessary here. Fourth, the tooksystems analysed are highly innovative
and the market still has to be developed. In swage,cgovernment incentives or an active
supply policy by government may be instrumental sttmulating and structuring the
institutional structures of this evolving markethel decision problem which public policy
makers are confronted with here is, therefore,anetimple one but a complex one and the
decision tree developed here (Figurk should be viewed as an attempt to order this
complexity.

In a second step, the draft decision tree presentEdjure 2was presented to a forum of
public policy makers, users and manufacturers falidation purposes. This forum was
organised at the premises of the Intertraffic Coerfed that took place in Amsterdam. A
special IN-SAFETY workshop with representatives niropolicy makers, users and
manufacturers was organised during that conferenoeder to validate the decision tree and
to derive policy weights. A total of about 80 paifieints (consortium members included), all
invited by POLIS, took part in this workshop. The way in which thaorkshop was
organised in practice will be described more imadleh section 5.2. The participants taking
part in the workshop carefully examined the dedsi®e and made some suggestions for
additional criteria.

The Intertraffic Conference took place at the RAIngress and Exhibition Center in Amsterdam froto 4
April 2006 (RAI is the abbreviation foRijwiel Automobiel Industty[Cycle Automobile Industry]). The
special IN-SAFETY workshop took place on 6 April0&0

‘POLIS’ is the abbreviation for ‘Promoting Opeaatal Links with Integrated Services’ and formsetwork
organisation of leading European cities and regianosking together for the development of innovative
technologies and policies in local transport (Igpayw.polis-online.org/).



4. Completion of the evaluation matrix: scoring of alter natives on each criterion

After having identified the policy criteria and tladternatives, the next step is then to
perform a partial evaluation, this is an evaluationterms of each specific criterion.
Therefore, for each alternative a scorg) @ould be derived expressing the contribution of
that alternative (fito that specific criterion (c

Since the alternatives developed in section 2 argtljnvery innovative and since some of
the technologies associated with these alternahese not yet been commercialised in the
market place, it is not possible at present tovéea quantitative score directly on a ratio or
interval scale for each alternative and for eadteroon. It was, therefore, decided to use an
ordinal scale in the first stage, this is a scajeressing the ranking of the alternatives with
respect to one another. It is only in a secondestadnen these scores (partial evaluations)
have to be aggregated into an overall score (dvevaluation) that the transformation of the
ordinal scores to a ratio scale based score Wil [dace. This will be described in more detall
in section 5.

The scores that are necessary here, in this fages have to be determined taking into
account the results of the existing research. Withie IN-SAFETY project, a number of
work packages were related to the development afetsodescribing the possible impact of
FOR and SER alternatives. The scoring that is rieééee, in this stage of the prioritisation
process, was given by the explrtsithin the IN-SAFETY project who developed the
alternatives, but taking into account the insightsn the models. The ordinal scale that was
used to perform the scoring in this stage, is priesein_Table 3

Table 3 : Ordinal scale
used for partial evaluations

gég'rr; Meaning of the ord. score
++ + very high positive impact
+ + high positive impact
+ moderate positive impact
0 no impact

- moderate negative impact

-— high negative impact

-—= very high negative impact
Source : designed by the authors

The 18 alternatives developed in section 2 wereescby the experts, on the basis of
expert judgment. These final scores are present@alble 4using the ordinal scale presented
in Table 3

® These experts were the same as those who patédifin the special workshop set up for the devetp of
the decision tree, described in section 3
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Table 4 : Scoring of alternatives on specific créte

Society/Authorities

Overall safety Socio political Public Environmental
What will be the |acceptance expenditure effects
influence of this |To what extent  |What will be the |What will be the
tool/alternative  Jwill order of magnit. of order of magnit.
on the overall implementation of | public investm. (in |of the environm.
traffic safety (of |this tool/ alt. be  [infrastruct.) effects
(measures same |all road users)? |acceptable for the|necess. to imple- [associated with
8 | Adressed level 2 . . ; i RO
= Alternatives description thing as travel public and for ment and maintain|this tool/ alt.?
o ey time duration) political parties? this tool?
A RaavasvAs b R YR
means network |means overall |means socio polit.Jmeans public means tool will
efficiency will be |safety will be accept. will be expenditure will be|improve envir.
enhanced as enhanced as (very) high. (very) high. '---/--/-': means it
compared to compared to '--'f--1-" 1 it will be will deteriorate
present situation |present situation. |(very) low environm.
Too fast in Unexpected sharp bends are registered
1.1 Junexpected sharp in a digital map of the navigation-system + + + - + + + 0 0 + ++ + + + + + + + +
bends on rural roads and presented to the driver
Too fastin vehicle is "analysed" (e.g. speed), VMS
1.2 |unexpected sharp signalize the danger of the bend ++ + 0 +++ 0 0 + + - + ++ +++
bends on rural roads depending on the actual speed
Too fast in electron.beacons (spec.reflexion posts)
1.3 Junexpected sharp give addit.info on displays in the vehicle + + + - 9r aF arF 0 0 ar + + - + + + ++ +
bends on rural roads about the road,e.g.warning:sharp bend
2.1 |speeding Speed Alert System functioning by ++ - ++ - - ++ ++ ++ + + 4+ + 4+
recognition of traffic signs
Speed Limit is presented to the driver by
2.2 |Speeding VMS under consideration of special + + + - ++ + - - ++ + + - + + + ++ +
environmental circumstances
Speed Alert System based on digital
2.3 |Speeding maps containing legal speed limits with + + - ar ar - - + + + + + + + + ++ +
addit, info on recommended safe speed
LDWA (Lane Departure Warning
3.1 |wrong use of road Assistant) + + + 0 0 + + + + + 0 + + + +
3.2 |wrong use of road Audible delineation + + 0 + 0 0 + + + -- 0 + + + +
Adaptive LDWA; Sensitivity of LDWA is
3.3 |wrong use of road adapted in special conditions, such as + + - ++ 0 0 + + + + 0 + +++
road works, tunnels
41 Xﬂ:ﬂon of priority Traffic Sign recognition ++ - ++ 0 0 ++ ++ 0 0 + ++
42 :ﬂl"e':m" of priority Traffic signs 0 0 ++ 0 0 4+ 4+ - 0 ++ +++
43 Violation of priority Traffic light status information emission + 0 + 0 0 + + _ 0 _ +
rules to car
Failure when Blind spot detection syst. warning driver
51 overtaking if a vehicle is approaching from behind T+t t 4 0 0 T+ T+ T+ 0 t+ t A
Failure when Separation of lanes by rumble strips
52 overtaking where overtaking is forbidden + 0 T+ 0 0 tr tr h 0 T+ T+
Failure when Cooperative syst. warning of oncoming
88 overtaking vehicles by veh.-to-veh. communication P o TP 0 0 P v P 0 T > v
6.1 g::;frf]'gf”t safety Advanced Cruise Control ACC e+ - + 0 0 + + ++ 0 ++ ++ 4+
6.2 quuﬁluent safety Fog Qetect|on warning system; VMS ++ 0 ++ 0 0 + ++ _ 0 ++ +++
istance warning
Insufficient safety ACC set by local (on-site) weather
&3 distance system: "Dynamic ACC" P W 0 0 i P 0 W W

Source : IN-SAFETY consortium partners (BAST, TUDaiT UDelft and USTUTT)
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5. Overall evaluation of the alternatives: deriving priorities

The overall evaluation of alternatives was perfatmeing the MCA methodology, esp.
the analytic hierarchy process (AHP) of Saaty (194886, 1988, and 1995). Applied to the
case of FOR alternatives and SER alternatives,stading base for this exercise is the
decision tree_(Figure)2The AHP methodology requires two types of inpé&isst, the impact
of the alternatives on the criteria should be eateld and second the relative importance of
these criteria for each stakeholder should be kndwen both cases the pairwise comparison
mechanism of the AHP is used. This is a comparis@mthanism whereby the relative
importance of one element (the row element) is @rexgb with that of another element (the
column element). This is done using a nine poitib Iscale (also known as the Saaty scale) as
presented in Table. 5

Table 5 : Pairwise comparison scale in the AHP

Intensity of importance

Pgj(ai.ar) Definition Explanation
1 Both elements have equal importance Both elements contribute equally to the criterion conside-
red
3 Moderately higher importance of row element (RE) Experience and judgment reveal a slight preference of
as compared to column element (CE) row element (RE) over column element (CE)
5 Higher importance of RE as compared to CE Experience and judgment reveal a strong preference of
RE over CE

7 Much higher importance of RE as compared to CE  RE is very strongly favoured over CE, and its dominance
has been demonstrated in practice

9 Complete dominance in terms of importance of RE The evidence favouring RE over CE is of the highest

over CE possible order

2,4, 6, 8 (Intermediate values) An intermediate position between two assessments

1/2, 1/3, 1/4, ... 1/9 (reciprocals) When CE is compared with RE, it receives the reciprocal

value of the RE/CE comparison

Rationals If consistency were to be forced by obtaining n numerical
Ratios arising from the scale values to span the matrix

1.1-1.9 RE and CE are nearly indistinguishable; moderate is 1.3
For tied activities and extreme is 1.9

Source: Saaty (1988, p. 73), adapted by the authors.

5.1 Prioritisation of alternatives in terms of @ita

As regards the first step, prioritisation of altimes in terms of specific criteria, the
evaluation table constructed in section 4 (Tables4ised as the starting base. The scale used
in that table is an ordinal scale, this is a sexjgressing the ranking of the alternatives with
respect to one another. The concordance betweescthes of that table and the ratio inputs
that are necessary for the AHP model as describetiable 5is shown in_Table .6For
instance, the value 3 (shaded cell in Tahlenans that the row element (+++) is considered
to be three times more preferred than (or to haveremk dominance’ over) the column
element (+). The ‘concordance table’ (Tab)ewis used for all the criteria. The computer
program ExpertChoice applied below, made it possibl define such a concordance table
only once and then to use it for all the criteria.
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Table 6 : Concordance between ordinal scores iedinl scoring table and
preference intensities in pairwise comparison roasi

very high  high. pos. moderate neutral moderate  high neg.  very high
pos.impact impact pos.impact impact neg.impact impact neg.impact
++ + + + + (0] - —— - ——
very high
pos. impact e 1 2 3 5 6 8 9
high. pos.
impact ++ 1 2 3 5 7 8
moderate
pos. impact 1 2 3 > 7
neutral
impact o 1 2 3 s
moderate
neg. impact 1 2 3
high neg.
impact 1 2
very high 1
neg. impact

Inconsistency ratio : 0.02
Source : designed by the authors

5.2 Deriving weights for the criteria : prioritisgithe criteria

The next step in the AHP methodology is to derigkcy weights for the criteria (shown
at level 3 of Figure 2 In order to obtain the inputs necessary for éhggirwise comparison
matrices, a forum of policy makers and represergatof the users and manufacturers was
created. As said before, this forum was organisedha premises of the Intertraffic
Conference. For the workshop to elicit weights, it@m was rearranged to facilitate a Group
Decision Room (GDR) session. A GDR consists of @vakk of computers running Group
Systems software, which enables policy makers qiaéting in the session to express their
opinion anonymously, and to be heard without havindgraw the attention to themselves. A
total of 27 participants actively participated InetGDR session. Tableshows the number of
participants for each stakeholder gréuffhe participants representing the stakeholder
‘society’ (this is the middle sub-system in Fig®econstituted by large the most important
group of participants in that GDR session.

" When two extreme ordinal scores are compared (nareel —' and ‘+++'), the value 9 (‘absolute
dominance’) is given. When this difference is ratbmmall (for instance for the comparison betweehdad
‘+"), the value 2 is given and for a comparisonviedn for instance ‘O’ and ‘++’, the value 3 is givBut
when ordinal scores of the order ‘+++' or (‘= — d)e compared with the neutral score ‘O’, the vdius
given (in stead of 4), since comparisons wheredtunal score ‘+++ (or ‘= — =) is involved are aly
considered to be associated with a large differefbis is the reason why the scores in Tabi 6ot follow
an arithmetic progression with progression factawtly not all values from the pairwise comparisoals (1-
9) are included in the table and why there is & genall inconsistency (0,02).

8 The number of participants, these are the paiiakers anonymously interviewed in the GDR, shown in
Table 7 can be considered quite high for MCA relatarveys. Indeed, inputs into MCA do not needdo b
based on large surveys as is the case in standaicimesearch. The reason is that in MCA it aeeptblicy
makers who are interviewed instead of individualsigmers. These policy makers express the pointeof
of large group of the individual persons (such aers, manufacturers and even the public or sodety
general) whom they legitimately represent and bpmwhhey were legitimately elected. The represergati
of the users represent the interests of car udbes, representatives of the manufacturers represent
manufacturer interests and the public policy makeepresenting societal interests) represent theratlv
public interest. Hence, it are the latter who ptgrdion to external effects, such as third padfety effects
(these are safety effects for pedestrians andstgkli
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Table 7 GDR session participants

Stakeholder group Participants

Users 7 car drivers
1 fleet owner
1 other
Total: 9

Society / Publ. pol.makers 5 road managers
3 policy makers
1 enforcement
2 other
Total: 11

Industry / Manufacturers 3 equipment manufacturers
3 system providers
1 car manufacturer
Total: 7

Total 27
Source : designed by the authors

All these stakeholder representatives had to comnfia importance of the criteria in
pairs, using the pairwise comparison scale predeintdable 5 In order to synthesize the
various pairwise comparisons given by each reptasee, the geometric mean was
calculated as proposed by Saaty (1995:265). Thengeir mean (and not the arithmetic
mean) is the statistical measure that is relevatitis case, since the average of ratios is to be
calculated her@ Also the spread was calculated using the traditistatistical variables such
as mean, mode, highest and lowest score and sthddaiation. The final results of all these
pairwise comparisons made by each representativehef various stakeholders and
synthesised using the GDR software are shown ineT@alirable 9and Table 10Part A of
these tables shows the synthesis (the geometrio)nodéahe various pairwise comparisons
and Part B contains the final relative priorities the criteria (these are the criterion weights)
calculated on the basis of these pairwise compasiso

° The numbers (1-9 and 1/9-1) in Tablari_Table &an also be viewed as ratios, expressing how rmarke
important one element (for instance the row eleinenas compared to another element (for instahee t
column element) in terms of contribution to theHdglevel element or criterion. When various estaador
this order of magnitude are given (for instanceadlfferent experts) and one wants to calculate tre¥age or
mean of these estimates in order to neutraliseilessstimation errors, then one should calculée t
geometric mean instead of the arithmetic mean. gdmmetric mean is also the relevant statisticalsunea
when for instance growth rates in time series hi@vée averaged. The geometric mean is obtained by
multiplying the ratio scores and then taking thihmeot, whereas the aritmetic mean is calculateddiling
all the scores and dividing the overall score lfg being equal to the number of scores or estihates




14

Table 8 Pairwise comparison matrix and relativernies for the criteria
from the point of view of the stakeholder ‘users’

Part A: Part B
Pairwise comparisons Relat. prior.
stakeholder driver full user driver travel time
‘users’ comfort cost safety duration

driver comfort 1 1/3 1/5 1/2 0,087
full user cost 1 1 1 0,282
driver safety 1 4 0,452
travel time duration 1 0,179

Inconsistency ratio : 0,06
Source: designed by the authors

Table 9 Pairwise comparison matrix and relativergres for the criteria
from the point of view of the ‘society’

Part A : Part B
Pairwise comparisons Relat. prior.
stakeholder network  overall socio-pol. public environm.
society/authorities  efficiency  safety accept. expendit. effects

network efficiency 1 1/5 2 4 1 0,171
overall safety 1 5 5 3 0,509
socio-pol. accept. 1 1 1/2 0,082
public expenditure 1 1/3 0,068
environm. effects 1 0,170

Inconsistency ratio: 0,04
Source: designed by the authors

Table 10 Pairwise comparison matrix and relativerjties for the criteria
from the point of view of the ‘manufacturers’

Part A : Part B
Pairwise comparisons Relat. prior.
stakeholder investment liability risk technical
society/authorities risk y feasibility
investment risk 1 1/2 2 0,276
liability risk 1 5 0,595
technical feasibility 1 0,128

Inconsistency ratio: 0,01
Source: designed by the authors

Table 8 Table 9and Table 10epresent the relative priorities of the critetteese are the
priorities in terms of the overall objective of orspecific stakeholder, resp. ‘users’,
‘society/public policy makers’ and ‘manufacturet® . The users gave the highest weight to

9 These relative priorities or weights were caltedaon the basis of the eigenvector methAdM=Ama W),
whereby the vector of the weight®V) is given as the right eigenvector correspondiogthe highest
eigenvalue 4. The matrix of the pairwise comparisons (showTable 8 Table 9and Table 10Part A)
corresponds to the matrik. The vectolW (shown in Part B of the same tables) was caladlating the
computer program ExpertChoice. The same computgram makes it possible to calculate the consigtenc
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the criterion ‘driver safety’ (45,2%), followed Bfull user cost’ (17,9%). They gave less
weight to ‘travel time duration’ (17,9%) and stiless to ‘driver comfort’ (8,7%).
Manufacturers gave the highest weight to the doiterliability risk’ (59,5%), then
‘investment risk’ (27,6%) and technical feasibilityceived a much lower priority (12,8%).
From the societal point of view (this is from a palpolicy point of view), the criterion
‘overall safety’ turned out to be the most impottanterion (50,9%). This is quite in line
with the expectations, since improving traffic s$gfes considered a very important policy
objective in EU transport policy. The criteria ‘netrk efficiency’ and ‘environmental effects’
received a lower weight, but are nearly ex aegesep(r17,1% and 17,0%). ‘Socio-political
acceptance’ and ‘public expenditure’, receivedltivgest weight (resp. 8,2% and 6,8%).

5.3 Deriving overall relative priorities for the tefrnatives from each stakeholder’s point of
view

The last step in the overall evaluation phase stssif deriving overall relative priorities
for the alternatives in terms of each stakeholdeoisit of view. These final relative priorities
indicate the degree to which the alternatives douite to the overall objective or focus of that
specific stakeholder.

It should be noted, however, that the stakeholseciety/public policy makers’ is in fact
not a stakeholder sensu stricto, since that sta#tehoepresents the societal point of view.
The two other stakeholders, namely the ‘users’ d&@ne ‘manufacturers’ are indeed
stakeholders sensu stricto, since they reflectajectives of only one specific group of
people in society. The overall relative prioritingderms of the society’s point of view (middle
part in _Figure » therefore, correspond to the policy point ofwieThese are the overall
relative priorities that should be taken as a istgqrbase for policy purposes. The overall
relative priorities for the two other stakeholdetsers and manufacturers (the demand,
respectively the supply side of the market), arde@d also very relevant, esp. for
implementation issues, since these priorities miakgossible to test to which extent the
policy-based ranking of alternatives is sustaingdthese stakeholders. This is indeed the
essence of the stakeholder oriented MCA method#i¢aator/multi-stakeholder MCA). The
success of the implementation of specific alteuastistrongly supporting public policy as
regards road safety, indeed largely depends odefgeee to which the stakeholders (these are
the ‘players of the game’) find these alternatigesd or acceptable to them. If this is the
case, then the public policy objective will be faated by the actions taken by the other
stakeholders and it will be easier for public pplmakers to have their policies implemented.
It should indeed once again be clear now that MGAaitool for public policy making
building upon active stakeholder management. Theradlvrelative priorities of the users
correspond with the user needs, and may therefdieate the user acceptance of alternatives.
The overall relative priorities of the manufactgreorrespond with the market potential of the
alternatives, meaning that if priorities correspota those of society the respective
alternatives can be realized by the market, amdtf government regulation may be needed.
Some bias enters in the prioritization for manufests through the fact that some
manufacturers are either involved in infrastructalternatives or in vehicle alternatives. The
overall or global relative priorities of the var®uwalternatives for each stakeholder are
presented in Figure, Figure 4and_Figure 5

ratio for all the pairwise comparisons in a matiikis ratio, which is shown at the bottom of eaelrgise
comparison table, should be less than 0,10 (10%gtS1995:81-85).
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Figure 3 : Global priorities of alternatives frohretpoint of view of the stakeholder
‘society/public policy makers’

Synthesis with respect to: Society/Authorities
{Goal: Improving road safe > SocietyfAuthorities (L:.3)

Scen.2.2 (Speed ) 75
Scen.2.1 (Speed V) o-cg ]
Scen.5.1 (Fail overtak V) 29 0]
Scen 2.3 (Speed V) o ]
Scen 4.2 (Violprior ) 4 ]
Scen 5.3 (Fail overtak Vi) 4 ]
Scen 41 (Violprior V) gy |
Scen 5.2 (Fail overtak I) i ]
Scen 11 (Bends V) oy ]
Scen 1.3 (Bends VI) 151 I
Scen 31 (Wruse rd V) 151
Scen 6.1 (Saf dist V) 50 I
Scen 1.2 (Bends I) 50
Scen 3.3 (Wruse rd V) e |
Scen 6.2 (Saf dist I) ey ]
Scen 6.3 (Saf dist V1) ey ]
Scen.3.2 (Wruserd ) eew ]
Scen.4.3 (Violprior V1) ety ]

Source : own computation, using ExpertChoice

From the societal point of view, alternatives faati®n speeding (for instance speed limit
presented to the driver by variable message sMNS], speed alert system by recognition of
traffic signs, etc.) are considered the most dbEré&Speeding related alternatives, as is shown
in Figure 4and_Figure 5are, however, not considered desirable from thet @b view of the
manufacturers or users. When the three alternatimgarding speeding are compared with
each other, it turns out that, both from a usersl a manufacturers’ point of view, the
autonomous infrastructure alternative (for instaspeed limit presented to the driver by
VMS) is less undesirable than the autonomous inelelalternative (for instance speed alert
system by recognition of traffic signs), or the pemtive alternative (for instance speed alert
system based on digital maps containing legal sp@eds with additional info on
recommended safe speed).

Figure 4 : Global priorities of alternatives frohetpoint of view of the stakeholder ‘users’

Synthesis with respect to: Users
(Goal: Improving road safe > Users {L:.333))

Scen.1.2 (Bends I) 075 |
Scen.5.2 (Fail overtak I) o9
Scen.1.1 (Bends V) oy
Scen 5.1 (Fail overtak V) oy
Scen.1.3 (Bends VI) .y
Scen.2.2 (Speed ) ooy
Scen 6.2 (Saf.dist ) .y
Scen.4.2 (Violprior ) .y
Scen 5.3 (Fail overtak Vi) .y
Scen 6.3 (Saf.dist VI) oy
Scen.3.3 (Wr.use rd VI) 051 |
Scen.3.2 (Wruse rd ) waw
Scen.4.3 (Violprior VI) .y
Scen.2.1 (Speed V) 047 - |
Scen.2.3 (Speed V) 047 - |
Scen 4.1 (Violprior V) .y
Scen.6.1 (Saf.dist V) ..
Scen.3.1 (Wruse rd V) 04 [

Source : own computation, using ExpertChoice
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Users most often rank the vehicle related alteveati(for instance advanced cruise
control, lane departure warning assistant) at thigoln (with the exception of alternatives
regarding bends and failure while overtaking). Tiarge extent, this is caused by the costs
accruing to the user, and also to the relativelgllaneffects on driver safety, as these are the
most important criteria for the user.

Figure 5 : Global priorities of alternatives frohretpoint of view of the stakeholder
‘manufacturers’

Synthesis with respect to: Manufacturers
{Goal: Improving road safe > Manufacturers {L:.333))
Scen.4.2 (Violprior I) -1 012 |
Scen.5.2 (Fail overtak I) 07z | —
Scen.1.2 (Bends I) 07z | —
Scen.2.2 (Speed |) 07z | —
Scen.3.2 (Wruserd ) oy
Scen.1.1 (Bends V) ooty OO
Scen.6.1 (Saf.dist V) 054 I
Scen.6.2 (Saf.dist|) 054
Scen.1.3 (Bends V1) 054 |
Scen.2.3 (Speed VI) 054 |
Scen.6.3 (Saf.dist. Vi) 051 |
Scen.2.1 (Speed V) 051 |
Scen.3.3 (Wruse rd VI) 047 —
Scen.3.1 (Wruserd V) 047 I
Scen.4.1 (Yiolprior V) 045 I
Scen.5.1 (Fail overtak V) 037 I
Scen.4.3 (Yiolprior VI) 036
Scen. 5.3 (Fail overtak V1) kxw 0000 ]

Source : own computation, using ExpertChoice

Manufacturers consider the autonomous, infrastrachased alternatives (for instance
traffic signs, separation of lanes by rumble stnpisere overtaking is forbidden, VMS
signaling the danger of the bend depending on bspeed and type of vehicle approaching,
audible delineation) to be the most desirable,amdy with regards to the speeding related
alternatives, but regarding all alternatives. Tisignainly caused by the liability problems
involved in vehicle alternatives, which is the mosportant criterion for the manufacturers.
However, not all alternatives belong to the feasibet of alternatives for each type of
manufacturer: vehicle system suppliers are notctlyrénvolved in infrastructure alternatives
and vice versa. This should be taken into accouhenwjudging the results of the
prioritization.

5.4 Comparison of stakeholder priorities

Table 11shows the top five priority alternatives of thecisty compared to the priorities
the other two stakeholder groups have with resjeettiese alternatives. VMS speed warning
and priority traffic signs are also relatively higirioritized by both the users and the
manufacturers, which would mean that these altmesmiare likely to be accepted by these
stakeholders. Speed alert by signal recognition speed alert by digital map are less high
prioritized by both other stakeholders, meaningt tbavernment actions (for instance
regulations) may be necessary to implement thestersg. Blind spot detection is high
prioritized by the users as well, but not by thenafacturers. The main barrier for the
manufacturers is the liability risk of this system.
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Table 11 : Top 5 priorities of society compareatioer stakeholders

Societ Alternative User Manufacturer
y
1 VMS speed warning 6 4
2 Speed alert by signal recognition 14 12
3 Blind spot detection 4 16
4 Speed alert by digital map 15 10
5 Priority traffic signs 8 1

Source : own computation, using ExpertChoice

The priorities of society in_Table 14how the possibilities for government policy on
implementation of safety systems. Safety systemg a&0 be introduced autonomously by
the market. The systems that may have market patemt those that satisfy both user and
manufacturers objectives, which represent the ddmeaespectively the supply side of the
market. In_Table 12therefore, the priority alternatives of the usams compared with those
of the manufacturers. The user is chosen as angtgobint here (only for this type of
comparison), as user demand is a major marketrdiVe do comment that VMS sharp bend
warning and rumble strips for overtaking are infnasture alternatives and cannot be decided
for by the market, because the user has no degmwrer for implementation. For beacon
transmitting sharp bend warning it could even beaenmomplex. Digital map sharp bend
warning may have market potential, and blind spetection as well, presuming that the
liability problems may be solved.

Table 12 : Top 5 priorities of user compared to nfacturers

User Alternative Manufacturer
1 VMS sharp bend warning 3
2 Rumble strips for overtaking 2
3 Digital map sharp bend warning 6
4 Blind spot detection 16
5 Beacon transmitting sharp bend warning 9

Source : own computation, using ExpertChoice

6. Conclusion

A multi-actor, multi-criteria analysis (MCA), basexh the analytic hierarchy process
(AHP) of Saaty was performed in this paper in or@eobtain a selection and a ranking of
alternatives or tools that can potentially conttébto increasing road safety by creating a
more forgiving road (FOR) or more self-explainiregad (SER) environment. The multi-actor
MCA (MAMCA) was thus used as a policy instrumentejesince it allows to assess to which
extent the various FOR and SER environments degdlap this paper contribute to an
important objective in EU road transport policynrey the improvement of road safety. The
selection/prioritization performed through the apgion of this policy instrument allows
various stakeholders with an interest in improvithg present state of FOR and SER
environments (especially policy makers representegoverall or societal point of view) to
understand which types of future states commandtititeest expected ‘value added’ from the
community of stakeholders in its entirety, thereimgovering information on the probability
of successful implementation and its contributiorohe of the major objectives in EU road
transport policy, namely the improvement of roatétsa The MCA as applied here can be
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seen as an ‘institution in action’ capable of resa conflicts between stakeholder interests
and therefore contributing to the successful imgetation of the innovative systems
described in this paper. The MCA, as applied is ffaper, can be associated to what is called
the ‘rules of the game’ (to be set be public pohegkers) in institutional economics and the
stakeholders to the ‘players of the game’.

The multi-stakeholder or multi-actor multi-criterenalysis (MAMCA) applied in this
paper revealed that there are substantial diffeent the rankings of alternatives depending
on the point of view of the stakeholder groups istyépublic policy makers’, ‘users’ and
‘manufacturers’. From societal point of view, aftatives based on speeding receive the
highest priority, but this is not true from a useys a manufacturers point of view.
Manufacturers generally prefer autonomous infrastime based alternatives, in stead of
autonomous in-vehicle or cooperative systems, lsecad liability issues. Liability risk is
indeed considered an important barrier to markeefation by manufacturers. Users most
often give low priority to vehicle-related alterivets because of the high user cost and the
relatively small effect on driver safety, which amgortant criteria for users.

The scope of the multi-actor multi-criteria-anaty§MAMCA) performed here was to
firstly focus on the society’s priorities, espebjain terms of overall safety in order to
contribute to the entire society’s interests, rathan those of only one party or stakeholder.
The interests of the two remaining stakeholdersr@iand manufacturers) are, however, also
considered relevant information for public policyking, since the implementation of policy
decisions by public policy makers will be much easvhen the priorities of the public policy
makers concord or coincide with these of the othein stakeholders, namely users and
manufacturers. Stakeholder interests are considarednstrument either facilitating or
obstructing public policy. Indeed, users’ comfodsaalso considered important in this study,
since the users represent the demand side of tHeetnthey are the consumers, and must be
willing to pay. Such willingness to pay is criticed the manufacturers’ investment risks.
Manufacturers’ objectives (this is the supply side the market) are also considered
important, but in this reasoning a third priorifyhe final conclusion of this paper is that the
following generic alternatives merit further stuidyorder to be implemented on the market :
(1) infrastructure based alternatives addressing thelybem of speedind?2) in-vehicle based
alternatives addressing the problem of speedi®gn-vehicle based alternatives aimed at
reducing failures when overtaking4)infrastructure-based alternatives addressing the
problem of unexpected sharp bens infrastructure based alternatives aimed at reducing
failures when overtaking anb)in-vehicle based alternatives addressing the problef
unexpected sharp bendBhese generic alternatives should be further [dped and tested,
since both their contribution to the main policyjeative (this is improving road safety), as
well as their implementation potential has beervemnoto be high, taking into account the
preferences of the main stakeholders, namely (t)eso (represented by public policy
makers) which was considered the most importamhehe in the decision structure, and then
(2) users and (3) manufacturers.
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APPENDIX 1
GENERIC OVERVIEW OF THE METHODOLOGY OF MULTI-CRITERIA
ANALYSIS(MCA) (ANALYTIC HIERARCHY PROCESS - AHP)
USED FOR ALTERNATIVE SELECTION/ PRIORITISATION

The process-related steps to be followed in an M@@#e discussed in the main text and
visualised in_Figure Xin the main text). The steps 1, 2, 3 and 4, ak agestep 6 were
discussed quite well in detail there. As regar@p &, reference was made to the analytic
hierarchy process (AHP) of Saaty. In this short éqgtix, some more details will be given
about this fifth step in the MCA and the applicatmf the AHP in particular.

The fifth step is the step in which the informationthe evaluation matrix_(Table i
main text) needs to be aggregated. The informa&presented in that matrix seldom makes it
possible to select one alternative in an unambigui@shion. In most cases, the scores
obtained by the alternatives on the various cat@oartial evaluations) are conflicting, which
means that they do not unanimously point to a sinigest’ alternative, which would be
superior in terms of all criteria. An aggregatioethod is, therefore, needed in most cases to
synthesize the conflicting information. Each agatempm method relies on specific
assumptions regarding the comparability of theiglagvaluations and the relations between
criteria. In most cases, criteria should be giveplieit weights by policy makers. Here,
analysts can introduce an interactive tool (sucthagpairwise comparison mechanism of the
AHP) to help policy makers when reflecting on reatweights, but ultimately it is the
decision makers themselves who must give the pokejghts. Within each aggregation
method, several MCA approaches can be used togajgrthe partial evaluations.

High quality overviews of a number of MCA methode arovided in Belton and Stewart
(2002) and Figueira et al. (2005) (both in Englishpe Brucker et al. (1998) (in Dutch). The
AHP method of Saaty (1977, 1986, 1988, 1995) isafritbese methods. It has has been used
in a wide variety of policy applications, includingher EU funded research projects, such as
for instance the ADVISORS project (De Brucker et 2002; Macharis et al.,, 2004 and
Macharis et al., 2006). The AHP method is basedhoze principles: (1) construction of a
hierarchy, (2) priority setting and (3) logical smstency.

A hierarchy (as shown in Figurefér a generic case) is a complex system in whieh t
constituent parts are hierarchically structurede Top of the hierarchy consists of a single
element, which represents the overall policy olpjecor focus. The intermediate levels
represent sub-objectives and their constituentsp@ftpossible, measured by operational
criteria, these areig.g; in Figure §. The lowest level consists of the final actions o
alternatives considered. The arrows represent tae$aionships within the hierarchy.
Hierarchies can be constructed top-down or bottpm-u
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Figure 6 : Example of a hierarchy in the AHP

Focus

Source: designed by the authors, based on Sa&@$)19

The relative priorities given to each element ia firerarchy are determined by comparing
all the elements at a lower level in pairs, in teroh contribution to the elements at a higher
level with which a causal relationship exists,lasirated in Table 18r a generic case.

Table 13 Pairwise comparison matrix in the AHP

0j =Y . . a . &
= 1
[1]
a [1] Pg(a.a)
[1]
[1]
a, 1

Source: designed by the authors, based on Sa&@$)19

Pg(a,a) represents the preference intensity for a smepdir of (sub-)objectives (aa')
in terms of the higher level element (objectiveeoteria [g]) with which a causal relationship
exists. This preference intensity is measured segade from 1 to 9 (and from 1/9 to 1) as
Presented in_Table %main text). A similar approach is followed forethconstituent
components within each objective and sub-objectviéerion).

Within each sub-system of the hierarchy, the nrebatpriorities of the elements are
determined through the pairwise comparison mechamigscribed above. The relative pri-
orities (weights) are given by the right eigenvec({@w/) corresponding to the highest
eigenvalue Xmay as shown in formula 1. The pairwise comparison imasr represented by
the letter A Its standard element is g a).

AW =AW (1)

Since in each pairwise comparison matrix, a numdsiempairwise comparisons are
redundant, it is possible to neutralize possibtemadion errors that may have occurred in the
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other pairwise comparisons of the same matrix endire hand and to obtain a measure of
consistency for the pairwise comparisons of theesaratrix on the other hand.

In order to synthesize all local priorities (these the relative priorities in terms of a sub-
system or one specific matrix), the various pnonectors are weighted by the global
priorities of the parent criteria and synthesiz€me starts this process at the top of the
hierarchy. By doing so, the final or global relatipriorities for the lowest level elements
(these are the actions or alternatives) are oltaifieese final relative priorities indicate the
degree to which the alternatives contribute to dkierall policy objective or focus. These
global priorities form a synthesis of the localopities, and thereby integrate the various
inputs into the decision-making process. In addjtione may as well perform a partial
analysis (and synthesis) by doing the pairwise @mpns only from one specific point of
view, this means taking into account only one shjgative (or one stakeholder’s point of
view) (for instance sub-objective 1 in Figurg @ the specific case described in the main
text, such (partial) evaluations were performed tfee three stakeholders, namely ‘users’,
‘society’ and ‘manufacturers’. The priorities inres of society were considered to represent
the overall societal point of view and the pri@#iof the other stakeholders were calculated
only to investigate to which extent these were ocomi@nt or not with the societal priorities.
The priorities of the other stakeholders were togeenot integrated into an overall priority
expressed in terms of contribution to the focudde¢l 1 of the hierarchy shown in Figure 2
in the main text).

The AHP is a powerful decision-making tool. This thoel makes it possible to
decompose decision-making problems into their ctestt parts. According to a carefully
designed decision-making process, a decision istaated step by step, by making pairwise
comparisons. This step-by-step process eventugdiylts in a synthesis in the form of overall
or global relative priorities for the final altetnee. In spite of the very structured process,
there is ample room for learning, creativity anteractions among the analyst, the decision
maker and the stakeholders.

The AHP makes it possible create ‘ordered compjexit the decision-making process.
Indeed, most policy problems are complex, sincg tften involve multiple objectives from
multiple stakeholders, with some objectives relatedeffects that cannot be accurately
quantified or monetised. Explicitly accounting fbese multiple objectives and related effects
and weighing their relative importance using th@wiae comparison mechanism makes it
possible to achieve ‘agreed upon subjectivity’ saridjectivity made objective’ in these policy
processes.
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