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Abstract

Advanced Driver Assistance Systems (ADAS) include promising vehicle technologies to reduce road transportation problems. As such, policymakers are interested in using ADAS in future transport policies. However, until now, ADAS policymaking is obstructed by, among others, missing knowledge on how stakeholders prioritize ADAS policies. Furthermore, methodological considerations on how to acquire this knowledge are currently limited. This paper examines the methodological schools available to investigate stakeholder prioritization of ADAS policies. Based on this examination, the authors propose to apply an approach based on the subjective rational school of decision-making to investigate stakeholder prioritization of ADAS policies. 
Introduction

Advanced Driver Assistance Systems (ADAS) include promising technologies to contribute to the solution of road transportation problems by taking over parts of the vehicle driving task or, eventually, taking over driving completely. For example, systems that support the driver in navigating, distance keeping, or lane keeping are currently available on the market. More sophisticated versions of these systems and systems that integrate different functionalities are being developed. 
ADAS are expected to contribute specifically to the increase of traffic safety and the decrease of congestion. Experiments show that, for instance, large scale implementation of Intelligent Speed Adaptation (ISA) would have a substantial positive effect on safety (Carsten & Tate, 2005). Furthermore, certain configurations of Adaptive Cruise Control (ACC) have been shown to increase road capacity (Minderhoud, 2000), while even better effects are expected from Co-operative ACC, in which downstream vehicles communicate the current traffic state to upstream vehicles (VanderWerf et al., 2002). 
Different ADAS applications result in making the road ‘smarter’, making vehicle driving ‘smarter’ and making network management ‘smarter’. Key players in this interactive game are the individual drivers, fleet owners, road managers, traffic managers, travel information providers and automotive industries. The promising, positive effects of ADAS justify the inclusion of ADAS when considering alternative options for future transport policies. However, until now, policymaking on ADAS has been limited, since knowledge on the stakeholder prioritization of ADAS policies is missing. In addition, given such knowledge, it is still not clear how to choose among ADAS policy options. Such knowledge is essential in order to develop ADAS policies that are in line with stakeholder priorities and to avoid ADAS policies that are not supported by stakeholders. 
The authors are involved in a research project that aims to (1) understand and identify stakeholder prioritizations of ADAS policy options and (2) develop ADAS policies based on these stakeholder prioritizations. To this end we focus on the substance of policy decision-making, and not on decision-making processes. This paper is confined to the first objective of this research project. 
The aim of this paper is to identify the most suitable methodological approach to investigate stakeholder prioritization of ADAS policy options. To this end, first, a conceptual view on stakeholder prioritization is introduced, followed by an overview of applied methodologies on stakeholder prioritization of ADAS. Subsequently, a typology of methodological schools to investigate these prioritizations is introduced, from which the most appropriate school has been chosen, and further clarified by an example for this area of research. We then propose the research steps to be taken to investigate stakeholder prioritization of ADAS policy options. Finally we summarize the paper’s main conclusions. 
CONCEPTUAL VIEW ON STAKEHOLDeR prioritization
Figure 1 presents a conceptual view of how a specific stakeholder prioritizes policy options to apply changes to the road transport system. The stakeholder determines his prioritization of policy options by a comparison between his own desired system performance levels and the system performance levels resulting from the policy options. The stakeholder’s desired system performance levels are derived from his goals, objectives and preferences. He operationalizes these in a number of criteria to evaluate the performance of the policy options on the road transport system (e.g. traffic safety, costs, public acceptance). Furthermore he makes trade-offs among the criteria (e.g., by attaching weights to the criteria), since he generally will be unable to get everything he desires, and some criteria are more important to him than others. In order to compare his desired system performance levels to the realized system performance levels, the stakeholder (either implicitly or explicitly) uses a scorecard that summarizes the system performance levels for each policy option and each stakeholder criterion. 
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Figure 1: Conceptual view on a stakeholder’s prioritization of policy options for the road transport system 
In this study, we confine ourselves to those policy options that can be implemented by the (public) policymaker. Besides the prioritization of policy options of the policymaker himself, we will also consider other stakeholders’ prioritizations of these policy options, since they are affected by changes in the transportation system and their interests are important. Furthermore, it should be remarked that external forces, such as demography and economy, are not included in this view, but can of course change the system in such a way that priorities may change. This issue, however, will not be addressed in this paper. 
APPLIED METHODOLOGIES TO INVESTIGATE  stakeholder prioritization OF ADAS
This section gives an overview of the applied methodologies to investigate stakeholder prioritization of ADAS and the broader range of new transportation technologies known as Intelligent Transportation Systems (ITS). 
Different types of methodologies have been applied to investigate stakeholder prioritization. These do not all serve the same purpose, but all provide insights into the different concepts of stakeholder prioritization. We identified three different groups of methodologies: 
(1) Multi Criteria Decision Analysis (MCDA) or decision support (e.g Levine & Underwood, (1996), Lathrop & Chen (1997), ADVISORS (2002), In-Safety (2006)), 
(2) Stated choice studies (e.g. PROSPER (2004), Piao et al. (2004), Varhelyi & Mäkinen (2004), Marchau et al. (2005)), and 
(3) Stated preference studies (e.g. Marchau et al. (2001); Golob & Regan (2005), Molin & Marchau (2004)). 

The MCDA or decision support methodologies typically result in stakeholder criteria and ways of making trade-offs among them (here, using weights stakeholders attach to the criteria). The system performance levels are generally analyzed by experts and not presented to the stakeholders; prioritization of the policy options is usually done using a quantitative model (usually a computer program). 
The stated choice studies only give insight into the prioritization of actions, and not into the underlying desired system performance levels of stakeholders. Some of these studies assessed the expected levels of system performance of policy options as well (e.g. PROSPER, 2004), but the relationships between the expected system performance levels and the prioritization was not further investigated. 

Stated preference studies give more insight into the underlying desired system performance levels; however, the models are mostly based upon objective system characteristics (attributes) and not on criteria other than cost.  Molin and Marchau (2004) included a number of criteria and investigated the perceived system performance levels of attributes on these criteria, as well as the importance of the criteria. This was done for car drivers only. 
When comparing the results of these three methodological approaches on, for example, ISA and safety, the results seem to be inconsistent. The MCDA studies all show safety to be the most important criterion over all stakeholders and for users and authorities/society specifically. Consequently, based on the expert perceptions of the level of safety included in the studies, the ISA alternatives that intervene most with the driving task were ranked higher than the warning alternative (e.g. ADVISORS, 2002). In contradiction, the stated choice and stated preference studies show that, while safety is still seen as the most important objective, the most preferred operating characteristics and policies generally were those that leave the most freedom for the driver: informing the driver on the current speed limit and voluntary use of the system (e.g. Marchau, 2001; PROSPER, 2004). The study by Molin and Marchau (2004) may explain this difference. User perception of the level of safety in this study was shown to be higher for warning ISA than for intervening ISA. 

Consequently, and since methodological choices in the studies referred to here were not based on an extensive assessment of possible methodologies in this area, there is a need to determine an appropriate methodological approach to investigate stakeholder prioritization of ADAS policy options.  

METHODOLOGICAL APPROACH

To determine the methodological approach that is most appropriate to investigate stakeholder prioritization of ADAS policy options, we first give an overview of relevant methodological schools. We then select a methodological approach based on how well the underlying paradigm fits our case. Finally a short example is discussed for clarification. 
Generally, three schools of investigating decisions can be recognized, which have evolved from different disciplines, such as economics, mathematics, management science and psychology: an objective rational school, a subjective rational school and a behavioral school. Both rational schools, rooted in economics, are based on the notion of rational, utility maximizing behavior. This means that the trade-offs people make to determine their priorities are logically consistent with their goals, objectives, and preferences. 
The objective rational school, furthermore, assumes that every decision-maker has the same, perfect, information on the outcomes and probabilities at his disposal on which to base his decision (e.g. Expected Utility Theory (Von Neumann and Morgenstern, 1944)). This means, for the case of ADAS stakeholders, that all stakeholders use the same model of the road transport system, resulting in the same system performance levels. Since stakeholders also use the same criteria, this leads to the same scorecard for each stakeholder.  
The subjective rational school sees people as rational decision-makers, but assumes that their decisions are based on their own, subjective judgment of the outcomes and probabilities (e.g. Subjective Expected Utility Theory (Edwards, 1954)). This implies that stakeholders each have a different mental model of the road transport system, resulting in different (perceived) system performance levels. These differences and the different criteria stakeholders use lead to a different scorecard for each stakeholder. 
The behavioral school does not assume rational behavior, since actual human decision-making was found not to be rational. This school stems from behavioral sciences, and includes theories that evolved from the economic, rational theories, as well as theories that were completely rooted in psychological sciences. For example, Prospect Theory (Kahneman and Tversky, 1979) still considers judgments regarding criteria, whereas the Theory of Planned Behavior (Ajzen, 1991) departs from this (rational school related) structure, and explains decisions based on psychological concepts such as attitudes. 
Table 1 summarizes the main differences among these schools according to the relevant components of the view on stakeholder prioritization in Figure 1. For the behavioral school of decision-making, the theories from the psychological and behavioral sciences were used as a starting point, since those that evolved from economic, rational theories closely resemble the subjective rational school.  

Furthermore, Table 1 gives some examples of methodologies for each school. Two types of methodologies were distinguished to investigate decisions: (1) methodologies that describe decisions by modeling these decisions as a function of relevant decision variables, and (2) methodologies that try to derive the best possible decisions. The behavioral school, which is also characterized as the descriptive school of decision-making (e.g. Bell et al., 1988), mainly includes methodologies of the first type. The rational schools provide for methodologies to investigate decisions as well, resulting in relatively simple models that can help to forecast priorities in the near future, but these are often criticized for assuming rational human behavior. For the second type, a number of methodologies based on the rational schools have been developed, for situations in which rational decisions are preferable (e.g. Cost-Benefit Analysis, Multi-Attribute Utility Theory). 

Table 1  Explanation of the schools of decision-making by the components of the view on policymaking

	
	Objective

rational school
	Subjective

rational school
	Behavioral school

	Criteria
	All stakeholders use the same set of criteria 
	Stakeholders uses different sets of criteria 
	N/A

	Scorecard
	All stakeholder use the same model of what happens in the system, resulting in the same scorecard
	Stakeholders use different mental models of what happens in the system resulting in different scorecards
	N/A

	Prioritization
	Stakeholders prioritize policy options by maximizing utility
	Stakeholders prioritize policy options by maximizing utility
	Stakeholders prioritize policy options in a non-rational way; e.g. based on attitudes

	Methodologies to describe decisions
	N/A
	Stated preference modeling (e.g. conjoint analysis)
	Questionnaires based on theoretical concepts of psychology (longitudinal instead of cross-sectional

	Methodologies to derive the best possible decision
	e.g. Cost-Benefit Analysis (CBA); Multi- Criteria Analysis (e.g Even Swaps; Hammond et al., 1998)
	e.g. Analytic Hierarchy Process (Saaty, 1980); Multi-Attribute Utility Theory (Keeney & Raiffa, 1993)
	N/A

	N/A = not applicable




Proposed methodological school

As we stated in the introduction, the purpose of this study is to understand and identify stakeholder prioritizations of ADAS policy options. In this section we discuss our choice for an appropriate methodological school on which to base this study.
First, we have to decide if rational or behavioral decision-making applies to this area of research. For ease of use, a rational approach would be preferable, presuming that we can assume rational behavior of stakeholders. The stakeholders to be included in this study should all be representing companies or organizations, of which we can assume that they have in some way carefully evaluated their strategy or position regarding the implementation of ADAS, since they have to survive financially or carry responsibility for large numbers of people. We can therefore roughly assume that these strategies or positions result from rational behavior. However, if individual vehicle drivers were included as stakeholders in the study, this assumption of rationality would be disputable, since prioritizations of car owners or drivers do not always result from profound considerations. Since this is not the case here, we believe a methodology from the rational school can satisfactorily describe stakeholder prioritizations. 
Second, given the assumption of rational behavior, we have to decide if the objective or the subjective rational school applies. There is one main reason to assume that the subjective rational school applies here, which is that there is a lot of uncertainty about the system performance levels related to the implementation of ADAS policies (e.g. studies show different results), which goes against the assumption of ‘perfect information’ related to objective rationality. Stakeholders will have to rely on their own perceptions of what the system performance levels are for their prioritization. 
Consequently, we propose to base the approach of this study on the subjective rational school of decision-making. The next section describes the basic line of reasoning within the adopted approach, illustrated with an example. 
Subjective rationality and ADAS stakeholder priorities
This section gives a short example of the application of the subjective rational school to stakeholder prioritization of ADAS policy options. We assume the following steps in the prioritization process (based on Timmermans, 1982):

1. A set of objective policy options exists from which a stakeholder can choose;

2. Each stakeholder focuses on a set of policy options, which is a subset of the complete set of policy options;

3. Stakeholders assess the policy options using attributes with specific attribute levels; these attributes relate to their criteria for prioritization;

4. Each stakeholder derives a certain utility from each attribute level (part-worth utility)

5. Stakeholders combine part-worth utilities of separate attributes into an overall utility for a policy option, according to some combination rule;

6. Stakeholders prioritize policy options based on a decision rule applied to the overall utilities
The focus regarding the policy options is on different government policy options for ADAS implementation, since knowledge on stakeholder prioritization of these options is required. However, this focus should be broadened to take into account other transport policies that serve the same transport policy goals, reflecting the decision situation in reality. 

Within this set of policy options there may be options that an individual stakeholder does not include in his prioritization. This can be explained, since some or all of the desired levels of performance related to stakeholder criteria may have upper and/or lower thresholds. Those alternatives that do not perform within these thresholds may be excluded from the stakeholder’s set of policy options. An example concerning ADAS is the strong opposition of the automotive industry regarding physical speed limitation (e.g. Reinhardt, 2004). Probably this alternative performs worse than the lower threshold of a criterion, such as freedom of driving.

Two types of attributes to characterize the policy options are considered: attributes that are directly related to stakeholder criteria, and attributes that are implicitly related to stakeholder criteria. Attributes that are directly related to criteria are those attributes for which there are objective, non-arbitrary, quantitative estimates for the system performance levels of the criteria (e.g. costs). Attributes that are implicitly related to stakeholder criteria cannot be objectively measured in terms of the system performance levels of the criteria. Instead they represent objective system characteristics, such as level of intervention or type of Human Machine Interface (HMI). Stakeholders relate these attributes to their perceived system performance levels on criteria. For example, they may relate level of intervention to comfort and/or safety.  
The part-worth utility a stakeholder perceives for an attribute will be a mathematical function of the objective or perceived performance levels, reflecting the trade-offs stakeholders make among criteria.  
The overall utility of an alternative will be represented as a mathematical preference function, combining the different part-worth utilities. 

The decision rule related to the assumption of rational behavior is that the policy option with the maximum utility will be chosen.    
PROPOSED RESEARCH STEPS

In the previous section, the methodological steps to be followed in studying ADAS stakeholder priorities were explained. This section proposes the steps to be taken in the research in order to perform these methodological steps. The following steps will be discussed in further detail below:
1. Generation of ‘feasible’ ADAS policy options
2. Identification of relevant stakeholders

3. Identification of salient attributes and relevant criteria 
4. Estimation of stakeholder preference functions 
Furthermore, some final remarks are made on how we will proceed to develop ADAS policies based on knowledge of ADAS stakeholder priorities. 
Policy options
Current knowledge on stakeholder prioritization regarding ADAS shows that the focus has most often been on alternative ADAS or alternative ADAS characteristics, and not on ADAS policies. This prioritization of systems or system characteristics can be biased by different stakeholders’ perceptions of how the system will eventually be implemented. By considering policy options instead, stakeholders will have the same reference regarding the implementation. 

The general (Dutch) government policy goals that are related to the transportation system are increased traffic safety, increased network efficiency, and decreased environmental pollution. Furthermore, they consider the costs in relation to the effectiveness of a policy.  
The focus in this study will be on those ADAS solutions that contribute to that government policy goal for which they are (1) probably most effective and (2) already available on the market. This is the case for the policy goal of traffic safety, including ADAS such as Intelligent Speed Adaptation, Lane Departure Warning, and Forward Collision Warning. Besides ADAS alternatives that can contribute to traffic safety, also non-ADAS alternatives will be considered, to create a realistic decision context, in which ADAS are not the only solution. 
A further refinement with respect to which ADAS policy options should be included in this study will be made based on a short survey of stakeholder opinions regarding different ADAS policy options. Those ADAS for which stakeholders see an important role for the policymaker and about which stakeholder opinions differ significantly will be included in further study. 
Stakeholders

In an earlier literature study, it was concluded that there are clear differences in the prioritizations of different stakeholders (Walta et al., 2006). Not all studies considered these differences; most averaged over all of the stakeholders (e.g. PROSPER, 2004). 

The stakeholders involved in ADAS implementation that we will consider are the actors within the road transport system, which means that they can take actions that influence the system’s performance. Generally, three different stakeholder groups are identified: public authorities, users, and industry. This study is aimed at describing not only the differences between these groups, but also within these groups (e.g. between different levels of public authorities, or between vehicle and traffic system manufacturers).  
As stated earlier in this paper, the stakeholders will not include individual private or professional car drivers. Instead the umbrella organizations that represent the drivers’ interests will be included. The prioritizations of the individual drivers are not considered unimportant, but rather out of the scope of this study. A lot of work has already been done or is still going on in this area.  
Attributes and criteria
The identification of attributes can only take place after the policy options to be included in the study are known. To do this, it is important to consider the distinctiveness of the attributes (i.e. different levels of this attribute across policy options, and no correlation of these levels with those of other attributes), and the decisiveness of the attributes (i.e. how important is the attribute). A literature review of past studies will help to identify the salient attributes. 

A large number of criteria can be identified that are related to stakeholder prioritization of ADAS. However, the number of criteria that can be included in the investigation of prioritizations is limited. Consequently, the most important ones have to be selected. 
A preliminary overview was created of stakeholder criteria with respect to ADAS policies for the three main stakeholder groups: users, public authorities, and industry. To create this overview, we selected five studies for their focus on new transportation technologies and clear overviews of criteria or the underlying objectives (criteria and objectives are closely related). From these studies we identified a number of categories of criteria (see Table 2). The criteria for interest groups were included in those of the user, since these reflect the interests of general users as well as specific target groups. Lathrop & Chen (1997) created the most extensive lists of criteria on Automated Highway Systems (AHS), which were, therefore, used as the basis for this overview. 
Generally, it can be concluded that the criteria are quite different for different stakeholder groups. For authorities and users, the categories are similar, but the related criteria show the different perspectives of these stakeholders: societal and individual respectively. For example, while system throughput is a criterion for authorities, users are interested in travel time predictability. The criteria for industry include many that are similar to those of authorities and users, but these seem to be subordinate to their main goal of survival and/or sustainability of the company.  

The categories in this overview will be used as a starting point. The most important or decisive criteria will be identified by (1) a short survey among stakeholders in which criteria can be added to the categories and ranked, and (2) personal interviews with stakeholders that focus on the decisiveness of the criteria. 
Table 2: Overview on categories of outcomes of interest
	Stakeholder group
	Category
	Examples of criteria

	User
	Safety
	Driver safetya;b;d;e

	
	Costd;e
	Vehicle capital costa;b 

	
	
	Vehicle operating costa 

	
	
	Maintenance costa

	
	Travel time
	Travel time predictabilitya;c

	
	Societal, environmental impactsa
	Accessibilityc 

	
	
	Environmental impactsc

	
	Operating convenience
	System incrementalisma

	
	
	Border crossing functionalitye

	
	Privacyb
	System knowledge of personal informationa

	
	Driving convenience
	Comfortb;d;e

	
	
	Required skillsa

	
	Other
	Clarity of benefitsb

	
	
	Efficiencyb

	
	
	System imageb

	Public authorities
	 Costsb;d;e
	Maintenance costsa

	
	
	Infrastructure costsa 

	
	Safety
	Traffic safetyb;c;d;e

	
	Environment
	Environmental impactsc;d;e
Land usea

	
	Traffic efficiencyb
	System throughputc;d;e

	
	
	Accessibility of locationse

	
	Institutional attractivenessa
	Information provisiona 

	
	
	Socio-political acceptanced;e

	
	Accessibility
	Accessibility of transporte

	Industry
	Profitabilityb
	Liabilitya;e

	
	
	Market demande

	
	
	Investment riske

	
	Competitive advantageb
	Cost advantage (Porter, 1985)
	Manufacturing efficiencya;c

	
	
	
	Maintenance service costsa

	
	
	Differentiation advantage (Porter, 1985) or

Unique selling pointsb
	Customer objectivesa;c (Comfortb, Safetyb, Imagea) 

	
	
	
	Marketabilitya

	
	
	
	Technical feasibilityd;e

	
	
	
	Incrementabilitya


aLathrop & Chen (1997); bWalta et al. (2005); cReed et al. (1996); ADVISORS (2002); eBrookhuis et al. (2006)

Stakeholder preference functions
To estimate the stakeholder preference functions, data will be collected through a Stated Preference survey, which will address the following aspects:

· Stakeholder criteria thresholds for alternative selection
· Stakeholder perceptions of the system performance levels of policy options 
· Trade-offs stakeholders make among criteria
· The relation between perceived system performance levels and trade-offs on the one side and prioritization of policy options on the other side
The aim is to identify the differences between different stakeholder groups but also within stakeholder groups, caused by, for example, background characteristics such as country of residence or company size.  
Next steps in research
The next question is which policy options policymakers should implement, given the stakeholder prioritizations. This is the second main goal of our research. First, we will investigate whether there is consensus at any point about the policies. If there is no consensus among the stakeholders, further analysis is needed. At this point in time we have not yet defined which specific methodology to apply, but a decision support tool should be developed that addresses at least (1) the influence stakeholders can have on the performance of the road transport system and (2) the criteria thresholds that determine the feasibility of a policy option for stakeholders. Another issue that could be addressed here is the change in stakeholder prioritizations over time.
CONCLUSIONS 
This paper has focused on methodologies to investigate stakeholder prioritization of ADAS policy options. A conceptual view on stakeholder prioritization of policy options for the road transport system was introduced, followed by an overview of applied methodologies for stakeholder prioritization of ADAS policy options. It was concluded from this overview that there is a need to determine an appropriate methodological approach to investigate stakeholder prioritization of ADAS policy options.
A typology of methodological schools to investigate decisions was introduced, including an objective rational, a subjective rational, and a behavioral school. Taking into account the type of stakeholders that will be included in this study, it was concluded that we can expect them to make rational trade-offs. Furthermore, given the large uncertainties and differences among stakeholders, we expect stakeholder preferences to be based on (subjective) perceptions of the system performance levels for different policy options. Consequently, we propose to base the methodological approach of this study on the subjective rational school of decision-making. A short example was given to clarify the application of this school to the prioritization of ADAS policy options.
We concluded the paper with an overview of the research steps we will take to increase knowledge about stakeholder prioritization of ADAS policies. First we will identify the ADAS policy options to be considered, based on the effectiveness and availablility of ADAS on the market for traffic safety. In addition, we will consider some non-ADAS policy options for traffic safety. Second, we will identify the stakeholders who are actors in the transportation system. Third, the attributes and criteria that should be included in the study will be identified. A preliminary overview of criteria for the three main stakeholder groups – users, authorities, and industry – has already been created using literature. The fourth step comprises the actual assessment of stakeholder prioritizations, resulting in preference functions, taking into account stakeholder criteria thresholds, perceived system performance, and trade-offs among criteria. Finally these prioritizations will be integrated in order to support the policymaker in choosing which policy option(s) to implement. 
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