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1 INTRODUCTION 
 
Modern societies are increasingly confronted with the externalities of road traffic, such as 
congestion, accidents, consumption of scarce space, use of energy, and vehicle emissions. 
Many measures for controlling these externalities are currently under consideration by 
public authorities. These measures include incentives (e.g. charging for vehicle use), 
regulations (e.g. restricting lane access to specific groups, limiting speed under certain 
traffic conditions) and implementing new transport technologies to make the (road) 
transport system more ‘intelligent’. The last category of measures is often labelled 
'Intelligent Transportation Systems' (ITS). ITS refers to the use of information and 
communication technologies to collect and process (road) traffic data and to transmit it to 
transport users and/or operators. A variety of ITS measures have been proposed and 
gradually implemented in order to improve the outcomes of the use of road infrastructure. 
Emphasis has been placed on traffic management and travel information measures, such as 
route guidance, ramp metering, speed regulation, flexible lane use, dynamic park and ride, 
and incident warning systems. The ITS measures currently implemented within the field of 
traffic management and travel information appear to be effective. However, it has been 
argued that these measures will reach a point of saturation beyond which traffic 
performance improvements will not be possible anymore. Further improvements in traffic 
performance are expected to be facilitated by Automated Vehicle Guidance (AVG) systems, 
the technologically most advanced category of ITS, which take the driver out of the driving 
loop. AVG systems aim at improving vehicle control by the automation of the driver's 
acceleration, braking, and steering tasks.  
 
The range of AVG applications currently being researched and developed is wide, varying 
from systems that support the driver in one specific driving task (e.g. proper distance 
keeping, blind spot obstacle warning, lane keeping) to highly advanced systems in which the 
driver’s steering, acceleration, and braking tasks are totally taken over (e.g. the autopilot). 
Research on these systems suggests that they have the potential to improve road traffic 
efficiency and safety significantly. For instance, it has been estimated that the use of 
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systems that support the driver in keeping a proper distance to the nearest vehicle ahead 
(adaptive cruise control) could increase road capacity by up to 25% (Minderhoud, 1999). 
Large-scale implementation of collision avoidance systems, which support the driver in case 
of imminent crash danger with oncoming vehicles or obstacles, could reduce road fatalities 
by up to 45% (Hiramatsu et al., 1997; Sala et al., 1997). The first AVG applications have 
already entered the market, such as adaptive cruise control and collision warning systems. 
Consequently, the focus is shifting from technology development towards ways of 
implementing AVG on a large scale. 
 
Transport policymakers in various countries are becoming increasingly interested in the 
large-scale implementation of AVG. However, policy development regarding AVG is 
hindered by large uncertainties about the outcomes of large-scale AVG implementation and 
the valuation of the outcomes by stakeholders involved in or affected by implementation 
decisions (Marchau, 2000). Until now, the development of AVG systems has been strongly 
technology driven and the performance and impacts of most AVG prototypes has been 
assessed only in experiments under strictly controlled conditions, implying limited real-
world validity. AVG technology development and its impacts are strongly related to the 
societal conditions that have to be fulfilled for implementation. For instance, in the field of 
legal regulations, it might be necessary to change rules in the context of liability and third-
party insurance for AVG systems that take drivers out of the driving loop. Another issue 
involves societal acceptance. It is often argued that drivers will reject AVG, since it reduces 
their freedom and their responsibilities for making their own decisions.  
These types of issues generate major uncertainties surrounding AVG technology 
implementation. Current policymaking is often characterised by a 'sit and wait' attitude in 
response to these uncertainties, allowing developments to be largely determined by market 
forces. This relatively uninvolved approach could actually slow down AVG development or 
could lead to the implementation of AVG applications that serve producers’ and individual 
consumers’ interests only, not more general transport policy goals. Hence, there is a need 
for an AVG policy course that recognises the existence of uncertainties without neglecting 
the possibilities and responsibilities of public authorities with respect to general transport 
policy goals.  
In this paper, such a course is presented by focussing on identifying and handling relevant 
uncertainties within the context of AVG policymaking. In general, this approach involves a 
flexible/adaptive policy, which allows adaptations in time as knowledge about AVG 
proceeds and critical events for AVG implementation take place. 
 

2 THE ADAPTIVE APPROACH  
 
Walker et al. (2001) have developed an “adaptive” approach to policymaking that allows 
policymakers to cope with the uncertainties that confront them by creating policies that 
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respond to changes over time and that make explicit provision for learning. The approach 
makes adaptation explicit at the outset of policy formulation. Thus, the inevitable policy 
changes become part of a larger, recognised process and are not forced to be made 
repeatedly on an ad-hoc basis. Adaptive policies are devised not to be optimal for a best 
estimate future, but to be robust across a range of plausible futures.  Such policies combine 
actions that are time urgent with those that make important commitments to shape the future 
and those that preserve needed flexibility for the future. Under this approach, significant 
change in the surface transportation system would be based on a policy analytic effort that 
first identifies system goals, and then identifies tactics and strategies designed to achieve 
those goals, but that specifies ways of modifying those tactics and strategies as conditions 
change. Within the adaptive policy framework, individual actors would carry out their 
activities as they would under normal policy conditions. But policymakers, through 
monitoring and mid-course corrections, would try to keep the system headed toward the 
original goals. Figure 1 illustrates the adaptive policymaking process.  
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Figure 1: The adaptive 
 

 
The following steps summarise the process for creating and implementing an adaptive 
policy with respect to the implementation of AVG systems. They will be expanded upon in 
the full paper. The first activities constitute the stage-setting step. This step involves the 
specification of objectives, constraints, and available policy options. For illustrative 
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purposes, consider the field of traffic safety. Suppose the goal involves improving road 
traffic safety. The success of the policy might be measured in terms of reductions in 
accident fatalities, injuries and material damage, as well as reductions in the secondary 
consequences of accidents (secondary accidents, congestion, etc.). The constraints could be 
those related to costs, vehicle throughput, travel time, comfort, and convenience. Next to 
more traditional, preventive measures, like driver-education campaigns and legislation, 
policy options could include measures that directly intervene in vehicle driving tasks using 
AVG technology. In particular, the application of intelligent speed adaptation (ISA) has 
shown large potential for improving traffic safety. These systems take into account local 
speed restrictions and either warn the driver who is speeding or automatically adjust the 
maximum driving speed to the posted maximum speed. ISA requires an information source 
on local speed regulations. This source could be vehicle-based (using advanced digital maps 
mediated by GPS) or communicated by beacons along the road. It has been estimated that 
full use of automatic speed control devices might produce up to a 40% reduction of injury 
accidents (Varhelyi and Makinen, 2001) and up to a 59% reduction of fatal accidents 
(Carsten, Fowkes, and Tate, 2000).  
 
In the next step, a basic policy is assembled. It involves (a) the specification of a promising 
policy and (b) the identification of the conditions needed for the basic policy to succeed. 
Assume in what follows that the basic policy would implement intelligent speed adaptation 
for 'unsafe' drivers (e.g. younger drivers) on 'unsafe roads' (e.g. urban roads) under 'unsafe' 
traffic conditions (e.g. fog, darkness, snow). Accident statistics would be used in specifying 
unsafe 'speeding markets' in this context. The source of local speed regulations would be 
beacons along the road. There are several necessary conditions for the success of this basic 
policy. An essential condition is the availability of reliable and accurate beacons for speed 
control. Another important condition involves a basic level of willingness among drivers to 
use the speed adaptation systems as they were intended to be used.   
 
In the third step of the adaptive policymaking process, the remainder of the policy is 
specified. These are the pieces that make the policy adaptive. This step is based on 
identifying in advance the (uncertain) conditions or events that could make the policy fail 
(its ‘vulnerabilities’), and specifying actions to be taken in anticipation or in response to 
them. The step involves (a) identification of the vulnerabilities and actions to be taken and 
(b) translation of the necessary conditions for success into signposts that should be 
monitored in order to be sure that the underlying analyses remain valid, that implementation 
is proceeding well, and that any needed policy interventions are taken in a timely and 
effective manner. One vulnerability of the new policy might be a lack of reliability in the 
speed control technology in case of incidental speed limits (work-zones, accidents, etc.). An 
action to mitigate the negative effects of this situation on the success of the policy would be 
to build in some redundancy, by providing temporary vehicle-roadway communication 
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around incidents. Another vulnerability involves low drivers’ acceptance for speed 
adaptation, especially with regard to fully automated speed control. Driver education 
programs might be undertaken to hedge against this vulnerability. A more uncertain 
vulnerability involves the adverse driving behaviour that speed adaptation devices might 
induce. Experimental results indicate that, with speed adaptation devices implemented, 
drivers exhibit riskier gap-acceptance, loss of vigilance, increased frustration, and increased 
impatience (Comte, 2000). Therefore the driving behaviour of drivers with speed adaptation 
should be monitored closely. “Triggers” should be defined that would implement corrective 
policy actions when certain pre-defined levels of risky driving behaviour develop.  
A major (highly uncertain) vulnerability of AVG systems, but one with large consequences, 
is a serious technological failure. Accidents with AVG systems due to malfunctioning 
technology have been reported. Recently, in the Netherlands, a bus equipped with an 
electronic gas pedal automatically accelerated due to electromagnetic interference. Suppose 
that in an urban area, rural or motorway speed limits are being automatically transmitted to 
speed adaptation devices and drivers are relying on the system to regulate their vehicle 
speed. A malfunctioning system might result in severe accidents with large societal impacts. 
This could lead to failure of the policy. The adaptive policy must, therefore, include actions 
to reduce the possibility of a malfunction and to take mitigating actions in case one occurs. 
 
Once the above policy is agreed upon, the final step involves implementation. In this step, 
the events unfold, signpost information related to the triggers is collected, and policy actions 
are started, altered, stopped, or extended. The adaptive policymaking process is suspended 
until a trigger event is reached. As long as the original objectives and constraints remain in 
place, the responses to a trigger event have a defensive or corrective character – that is, they 
are adjustments to the basic policy that preserve its benefits or meet outside challenges.  For 
instance, in case the predefined levels of risky driving behaviour are reached, corrective 
actions might be undertaken. These could include the exclusion of 'unsafe' drivers from 
those road-types on which unsafe driving behaviour has appeared. Also, in addition to speed 
limiting devices, the vehicles of the unsafe drivers could be equipped with black-boxes in 
which real-time vehicle driving data are stored.  
Under some circumstances, neither defensive nor corrective actions might be sufficient. In 
our malfunctioning technology case, if the result was a large accident, the entire policy 
might have to be reassessed and substantially changed or even abandoned. If so, however, 
the next policy deliberations would benefit from the previous experiences. The knowledge 
gathered in the initial adaptive policy-making process on outcomes, objectives, measures, 
preferences of stakeholders, etc., would be available and would accelerate the new 
policymaking process. 
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3 CONCLUSIONS 
 
This paper focuses on the complexities and uncertainties surrounding the implementation of 
AVG technology from the perspective of public policymaking. On the one hand, several 
studies and pilot projects have shown that AVG technologies have great potential to 
contribute to general transport policy goals. On the other hand, public policy and 
decisionmaking is confronted with the existence of large uncertainties related to the future 
of AVG development and implementation and the response of drivers to such systems. The 
challenge for enlightened policymaking is to develop innovative approaches to handle these 
uncertainties. 
 
The paper proposes an approach involving a flexible or adaptive policy that allows 
adaptations in time as knowledge about AVG proceeds and critical events for AVG 
implementation take place. In particular, policymakers are encouraged to first develop a 
normative view and then guide the implementation and adaptation process based on 
gathering information that allows for the resolution of the uncertainties over time. 
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