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Abstract. The introduction of Adaptive Cruise Control (ACC) could be very helpful for making the longitudinal driving task 
more comfortable for the drivers and, as a consequence, it could have a global beneficial effect on road safety. However, be-
fore or during the usage of the device, due to several reasons, drivers might generate in their mind incomplete or flawed mental 
representations about the fundamental operation principles of ACC; hence, the resulting usage of the device might be im-
proper, negatively affecting the human-machine interaction and cooperation and, in some cases, leading to negative behav-
ioural adaptations to the system that might neutralise the desirable positive effects on road safety. Within this context, this 
paper will introduce the methodology which has been developed in order to analyse in detail the topic and foresee, in the fu-
ture, adequate actions for the recovery of inaccurate mental representations of the system. 
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1.  Introduction 

Road accidents are the cause of death for nearly 
1.3 million people every year and, unless immediate 
and effective action is taken, road traffic injuries are 
predicted to become the fifth leading cause of death 
in the world, resulting in an estimated 2.4 million 
people killed each year [21]; such a high number of 
accidents is brought about by the extreme dynamism 
of the road system which is dominated by uncertainty 
so that any strategy, which is elaborated to challenge 
the multi-dimensional issue of road accidents, might 
not encounter the expected success. However, despite 
the intrinsic uncertainty, the occurrence of a traffic 
crash is not the consequence of the case, but the ef-

fect of a chain of events, resulting from the interac-
tion of the three critical elements of the road system, 
the road user (driver, pedestrian, etc.), the vehicle and 
the environment. Then, some actions could be taken 
to avoid road accidents (before they occur) and to 
mitigate their effects (once they happened). Regard-
ing the mitigation of the effects, as it is widely recog-
nized by the road safety community, the massive in-
troduction of passive safety measures in vehicles 
(seat belts, airbags, crumple zone, etc.) highly con-
tributed to the reduction of fatalities which we have 
seen in Europe, United States and Japan in the last 2 
decades. On the other hand, it appears that, in the 
coming years, the margin of improvement for those 
crash effects reduction measures is very small and, 
therefore, the trend in vehicle safety is moving from 
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crash mitigation to crash prevention, through the 
adoption of various measures polarized on the road 
user (e.g., education and training), the vehicle (e.g., 
active safety devices) and the environment (e.g., road 
infrastructure design). Among the crash preventive 
actions concentrated on the vehicle, technologies as 
Advanced Driver Assistance Systems (ADAS) have 
the potential to play a considerable role for the im-
provement of traffic safety in the coming years [5]. 

1.1. Advanced Driver Assistance Systems (ADAS) 

ADAS are assistance systems supporting the driv-
ers in the primary driving task, referring with that to 
the activities undertaken by the driver to maintain the 
longitudinal and lateral control of vehicles within the 
traffic environment; these devices actively stabilize 
or manoeuvre the car, but without taking over the 
task completely, leaving the responsibility always to 
the driver [12]. 

The acronym ADAS includes devices providing 
different sorts of assistance and a possible classifica-
tion can be made according to the typology of control 
which they supply, dividing them into two categories.  
� Lateral control: systems supporting the driver in 

keeping the correct lateral behaviour such as Lane 
Change Assistant (LCA), Lane Departure Warn-
ing (LDW) and Blind Spot Information System 
(BLIS). 

� Longitudinal control: devices supporting the 
driver in maintaining the correct longitudinal be-
haviour, including Adaptive Cruise Control 
(ACC), Forward Collision Warning (FCW) and 
Intelligent Speed Adaptation (ISA). 

In this paper, the focus will be put on a specific 
ADAS: Adaptive Cruise Control. 

1.2. Adaptive Cruise Control (ACC) 

Adaptive Cruise Control (ACC), known also as Ad-
vanced/Autonomous/Intelligent Cruise Control, is a 
comfort and convenience system introduced, as an 
extension of conventional cruise control, firstly in 
Japan in the late 90’s and, afterwards, in Europe and 
United States. Using ACC, the driver can set both the 
desired speed and the headway to the preceding vehi-
cle; in response to those settings, the system will ad-
just speed and headway by controlling fuel flow or by 
slightly braking, detecting the driver ahead through 
the frontal radar/laser sensor [19]. When ACC is 
working, if critical situations arise (like the overtak-
ing of another vehicle or an emergency brake), the 

driver can over-ride the system, at any time, by press-
ing the accelerator pedal or, alternatively, he/she can 
temporarily deactivate the system by pushing the 
ACC activation/deactivation button, by depressing 
the brake, or by pressing for a long period the accel-
erator or the clutch pedal.  

In the last years, car makers have undertaken tech-
nological developments in order to bring to the mar-
kets new versions of Adaptive Cruise Control; the 
one considered as the next generation of the tradi-
tional ACC is the “Stop&Go” system, which allows 
the vehicle to slow down up to a complete standstill. 
To do this, “Stop and go” ACC, among other things, 
has to be capable of detecting other road users or sta-
tionary objects at a much closer range than the com-
mon ACC [19]. 

Despite the undoubted assistance that ACC can 
provide to the users, the device has not been mar-
keted as safety systems but, rather, as “Comfort and 
driving pleasure” technology in order to emphasize 
that the driver is, nevertheless, the ultimate responsi-
ble for the driving activity. However, through this 
device, a crucial modification has been introduced. 
The relationship between human and machine has 
evolved from a simple human-machine interaction 
(HMI), in which the user fully controls the system, 
onto a more complex and dynamic context, in which 
the machine processes information and the user as-
sumes a supervisory role [6]. Then, although ACC 
might help the human in keeping the longitudinal 
control of the vehicle, there is also the possibility that 
drivers might use the system in unexpected ways, 
compromising road safety. It is relevant to notice that, 
during the driving with ACC, not only the driving 
performances (braking, steering, etc.) will be modi-
fied but also, other aspects of the driving task will be 
affected, so that it should be assumed that trade-offs 
of mobility for safety are possible [16]. One critical 
example of those trade-offs is the occurrence of driv-
ers’ negative behavioural adaptation to the system. 

1.3. Behavioural adaptation 

Adaptation, in biology, can be defined as the proc-
ess of change by which an organism or species be-
comes better suited to its environment and, therefore, 
able to survive to the rising pressures and opportuni-
ties; in social evolutionism, a similar approach has 
been adopted, with cultural innovations seen as the 
objects of environmental selection and the means 
through which social groups may be able to adapt to 
their physical and social environment. Then, from 

4397G.F. Piccinini et al. / Assessing Driver’s Mental Representation of Adaptive Cruise Control (ACC)



these definitions, it is clear that adaptation should be 
regarded as a manifestation of intelligent behaviour.  

In the context of road safety, describing the hu-
man-machine interaction, the Organization for Eco-
nomic Co-operation and Development (OECD) de-
fined ‘behavioural adaptation’ as “those behaviours 
which might occur following the introduction of 
changes to the road-vehicle-user system and which 
were not intended by the initiators of the change. [...] 
They create a continuum of effects ranging from 
positive increase in safety to a decrease in safety” 
[10]. Saad, in [15], stated that those behavioural 
changes could appear within the very activity of the 
equipped drivers or within their interaction with other 
road users and they can evolve from the complex 
interplay of different factors: 
a) Specific features of the assistance systems. 
b) Variability of the driving situations. 
c) Individual driver characteristics.  

Extremely tied with those three factors is the proc-
ess of learning with whom the driver takes possession 
of the purpose, working principles and expected per-
formance of the ADAS he/she interacts with. This 
will direct affect the usage which the driver makes of 
the system. Notably, we speak about the temporal 
factors affecting behavioural adaptation and two main 
phases are, namely, considered [3]: 
� ‘Learning and appropriation’ phase: during this 

period, the driver discovers the system, learns 
how it operates and identifies its limits. This 
learning process is assumed to be crucial for the 
driver’s mental representation of the system, the 
confidence he/she has in it and its optimal use. 

� ‘Integration’ phase: the driver, through experience 
using the system in different road situations, reor-
ganises his/her activity by integrating the system 
in the management of the overall driving task. 

The deep analysis of the ‘learning and appropria-
tion’ phase is relevant because, depending on its pro-
gress and duration, it is expected a different evolution 
over time of the drivers’ behaviour and, as a conse-
quence, a different moment for the insurgence of 
short, medium or long-term behavioural adaptations 
to ADAS.  

1.4. Mental representation of the system 

As already mentioned in the previous section, 
strictly linked to the ‘learning and appropriation’ 
phase is the drivers’ shaping of mental representa-
tions (or mental model) of the systems; as defined by 
Rouse and Morris, “mental models are the mecha-
nisms whereby humans are able to generate descrip-

isms whereby humans are able to generate descrip-
tions of system purpose and form, explanations of 
system functioning and observed system states, and 
predictions of future states” [13]. Then, it is clear that 
mental representations/models directly influence the 
interaction and the cooperation between the drivers 
and the system because they reflect users’ opinions 
about the characteristics (functioning principles, us-
age conditions, etc) of the device. Unfortunately, 
mental representations/models are interiorised mod-
els, formed in a specific context and for a specific 
aim. As a consequence, they are not true copies of the 
objective reality, but they might diverge from it con-
siderably; therefore, when they are not properly cre-
ated, they can trigger misuses of the system, leading 
to possible dangerous situations. 

Research on mental models/representations has 
previously been carried out, in Human Factors, for 
understanding human behaviour in the interaction 
with machines (e.g., [4], [11] and [20]). On the other 
hand, in Traffic Psychology, researches aimed to bet-
ter comprehend the processes leading a driver to 
evaluate a certain driving situation and, as a result, to 
take a specific action (e.g., [2] and [9]).  

2. Objective 

Several researches have been conducted to study 
drivers’ behavioural adaptations in response to ACC 
(e.g., [7], [14] and [17]) through the measurement of 
different variables (speed, headway to the vehicle in 
front, workload, lane keeping, etc.). However, the 
findings collected so far are not always converging 
and, therefore, concerning the behavioural adapta-
tions to the ACC, it is not possible yet to make a clear 
evaluation about the positive or negative effects of 
the system on road safety. Furthermore, to the knowl-
edge of the authors, it has been rarely studied the 
mental representation of ACC (e.g., [8] and [18]) 
despite this research topic might deserve some more 
attention; indeed, the accuracy of the drivers’ mental 
representation of the system will influence the usage 
that people make of the device and, in case the men-
tal representation is not appropriate, some disruption 
could occur in the human-machine interaction and 
cooperation, possibly affecting in a negative way the 
road safety.  

As a first objective, therefore, this research will try 
to uncover the progress and length of the “learning 
and appropriation” phase for ACC, investigating how 
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the drivers’ mental representation of the system 
evolves with the usage of the device. 

 Then, it will aim at discovering how the mental 
representation that the drivers build about ACC might 
influence the usage made of the system by people. 
Especially, it will be researched if any behavioural 
adaptations could be caused by a wrong mental repre-
sentation of the system.  

Finally, in case a correlation is found between the 
improper usage of the system and an erroneous men-
tal representation, it will be suggested a series of ac-
tions to find a solution for the issue.  

In the lines below, the objectives are listed in a 
more structured way: 
1. measure the drivers’ mental representation of 

ACC and its evolution during the usage of the 
system (especially, short and medium term us-
age); 

2. detect the positive and negative behavioural adap-
tations which occur during the short and medium 
term usage of the system; 

3. in case negative behavioural adaptations to ACC 
are caused by erroneous mental representation of 
the system, propose some actions in order to 
avoid that the same trouble can appear with future 
customers. 

3. Method 

Given the objectives listed in the previous section, 
this research is focalised on two main steps: measur-
ing the drivers’ mental representation of ACC and 
identifying possible behavioural adaptations to the 
system. 

Concerning the first aspect, various methodologies 
have been used in the past to study mental representa-
tion of systems or tasks (protocol analysis, concept 
sorting, interviews, etc.) and, after a bibliography 
review on the topic, it was finally decided for this 
study to adopt a technique which was inspired by the 
reading of Bailly et al. [1] and based on the presenta-
tion of scenarios during an interview. 

On the other hand, regarding the second aspect, it 
was decided to investigate behavioural adaptations to 
ACC studying the driver behaviour when he/she in-
teracts with the system in a real driving setting. In 
order to achieve that, the performance of a field op-
erational test (FOT) has been planned because, com-
pared to other methods (e.g. simulator studies), it 
allows higher degree of validity. 

In the next sections, both methods will be defined 
in more detail. 

3.1.  Interviews with scenario presentation 

In this study, in order to measure the drivers’ men-
tal representation of ACC, it has been considered to 
use interviews where some ad-hoc scenarios will be 
presented to the participants; in more detail, those 
scenarios will show driving situations which might 
occur to the participants when driving with ACC ac-
tive. The adoption of such scenarios should guarantee 
to the research team to quantitatively measure the 
mental representation of the system that drivers built; 
then, it will be possible the comparison of results 
between different participants and, for the same par-
ticipant, between different moments in which the 
scenarios are presented. 

As explained previously, the scope of the research 
is not only to measure the drivers’ mental representa-
tion of ACC but also, to determine the progress and 
length of the “learning and appropriation” phase for 
the system. This will be attempted through the inves-
tigation of how the mental representation of ACC 
evolves in the short and medium term usage of the 
system. Therefore, the interviews (presentation of 
scenarios) with the participants should be carried out 
more than once in order to describe the progress of 
the mental representation of the system; this will be 
done during the performance of the Field Operational 
Test as explained in the next section. 

3.2. Field Operational Test (FOT) 

The Field Operational Test is a recent technique 
mainly used in studies that aim at evaluating a spe-
cific in-vehicle system in environmental conditions 
that are similar to the ones that participants encounter 
in his/her normal driving task; in the recent years, 
FOT have been already used to investigate the effects 
of both In-Vehicle Information Systems (IVIS) and 
ADAS use on driver behaviour. Compared to Natu-
ralistic Driving Study, FOT allows to the research 
team a higher level of control on the experiment be-
cause it is possible to give some instructions to the 
participants about the usage of the system.  

In the case of this research project, the FOT has 
the main scope of evaluating, in a real setting, short 
and medium term drivers’ behavioural adaptations to 
ACC. In order to perform that, it is planned to carry 
out the FOT using fleet vehicles and recruiting par-
ticipants who are experienced drivers, but that never 
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used the system (this last request is important to see 
the progress of ACC usage since the beginning). 
However, the sample of participants taking part in 
both the interviews and FOT will be quite small 
(around 10 individuals). 

The vehicle used for the experiment will be 
equipped with cameras, accelerometers and sensors 
in order to get the data required for the study. The 
FOT will be carried out for a time of 1 month for 
each driver and will follow a specific schedule.   
1. In the first week of vehicle’s usage, the driver 

won’t be allowed to use ACC and this recording 
will be used as an “antes” baseline for further 
comparison.   

2. After the first week, drivers can use the systems 
and the 1-month observation officially starts.  

3. After the month of observation, the participants 
will be asked again to drive for a week without 
using the ACC (“post” baseline). 

The usage of an “antes” and a “post” baseline will 
allow the comparison of the driver’s behaviour before 
and after using the ACC to see if any behavioural 
adaptations, caused by the system, occurred.  

As mentioned in the previous section, during the 
performance of the FOT, interviews will be carried 
out in different moments in order to describe the pro-
gress of drivers’ mental representation during the 
usage of the system. 

A first interview will be conducted after the first 3 
days of usage of the system (after the first week of 
“antes” baseline”). A second interview will be carried 
out after the first 2 weeks of driving with the system. 
Finally, a third interview will be performed at the end 
of the FOT (after the “post” baseline). 

4. Expected results and next steps 

This paper presented a methodology to measure 
the drivers’ mental representation of ACC and its 
influence on behavioural adaptations to the device. 
According to the current schedule (drafted in August 
2011), the study is planned to begin in the next 
months (October or November 2011) and it will last 
for around 6 months in order to end before June 2012. 

5. Limitations of the study  

The outlined inquiry strategy presents clear limita-
tions due to some constraints (mainly, limited time 
and restricted budget).  

As a first limitation, it is evident that the small 
number of participants (both in the interviews and in 
the FOT) will not allow, as a result of the data analy-
sis, any statistical generalization, restricting the di-
mension of the research to a pilot study to be vali-
dated by other future works. 

As a second limitation, it should be considered the 
usage of scenarios to measure the drivers’ mental 
representation of ACC; indeed, such technique has 
been specifically developed for this study and never 
been tested before. 

Finally, the usage of a FOT to identify phenomena 
of behavioural adaptations might not be successful 
due to the low level of experimental control typical of 
this methodology (compared to driving simulator 
studies). 
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