07-12-2020

Variables influencing driver speed
Safety on inter-city roads
Sylvain Lassarre
Farida Saad
Université Gustave Eiffel
COSYS – GRETTIA
Engineering of Surface Transportation Networks and
Advanced Computing Laboratory
Marne la Vallée France

Role of infrastructure on
driver behavior (speed)
and safety on inter-city roads
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Summary
• I. Road infrastructure and driving task
• II. Drivers speed in trafic

What is a road?
• Physical aspect. More than an object, a network (lattice,
hierarchy) and its environment
• Informational aspect. Control/command of traffic
• Economic aspect. Public or common good? Access and
services
• Social aspect
– Designed by humans (norms and standards)
– Controled by institutions (Traffic code, Police,…)
– For human use with or without vehicle
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Road Infrastructure elements
•
•
•
•
•
•
•
•
•

Road alignment
horizontal (bends)
Vertical (slopes)
Road or lane width
Shoulder surface and width
Road surface
Road environment
Lateral obstacles
Signing
Central and lateral markings
Junction design

Speed cameras
Section control
(point-to-point
speed cameras)

Design and ergonomics of roads (streets)
ἔργον / érgon (« travail ») et νόμος / nόmos (« loi »)

Function

Usage
Information conveyed by the system

Form

Understanding by interactions with Others
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On the designer’s side
• Civil (highway) and traffic engineers
• Safety by norms and standards rather than Safety by risk
objective
• See E. Hauer for critics (surrogates instead of risk
indicators) + Nominal(y/n)/Substantive safety (degree)
– Design speeed*reaction time=sight distance
– Radius curvature (limit)

• Tradeoff : Utility-Fluidity and Safety; Priorisation
motorised versus non-motorised; cost, …
• Heterogeneous engineering (crafting-bricolage)
• Scientific evidence from independant research
Hauer, E., 2000b. Safety in geometric design standards II: rift, roots and reform. Krammes, R., Brillon,
W. (Eds.), Proceedings of the 2nd International Symposium of Highway Geometric Design 24–35

IRAP and Road ratings
• “Roads designed to standards are neither safe nor unsafe;
their safety is largely unpremeditated.” (Hauer, 2000, 2019)
• The International Road Assessment Programme is a charity
with branches EuroRap, IndiaRap. Similar to Ncap New Car
Assessment Program (consumer oriented).
– Risk mapping (collective/individual risk = crash or fatality per km or
veh*km)
– Star rating with road attributes

•

For the Managers and Administrators of the safety of road
and road users.
Hauer E. (2019) Engineering judgment and road safety, Accident Analysis &Prevention, Volume
129, Pages 180-189.
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CMF Crash
modification
factor
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Road infrastructure as an interface
between Designers and Road Users
 The design of the infrastructure and the formulation of the traffic rules determine its
use and affect the safety of road users:
Decisions made by the designers of the road system including road and traffic engineers and
the legislators of the highway code (two faces : physical+organisational)

The road infrastructure conveys a wealth of information that guides drivers’ activity and
their interactions with others in situ
explicitly through devices such as road signs and road markings,
implicitly by means of the environmental context and road layout, for example.

.

Farida Saad
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Main design issues
• « The documents that guide highway and traffic engineering practice
suggest that many of these decisions be made by ‘engineering
judgment’. One would like this judgment to be informed by evidencebased anticipation of their likely safety consequences and by a
professional ability to balance safety against mobility and other
dimensions of ‘utility’. » (Hauer, 2019)
• Compatibility between the decisions made by designers and the drivers
needs to achieve their objectives and perform their driving task efficiently
and safely

Ezra Hauer (2019) Engineering judgment and road safety, Accident Analysis & Prevention,
Volume 129,Pages 180-189

Ergonomics
•
•
•

To identify and design technical and organizational means for facilitating the
driver's interaction with the road environment
The road/street system or environment
The road/street infrastructure
– The rules of the Highway Code governing the use of the road
infrastructure and interactions with other users, sometimes expressed in
road markings and road signs
– The other road users and vehicles
– The surveillance system
Driving
Driver
–

Situation

Surveillance

Other
drivers

Driving
task

Road and
Traffic
conditions
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Key concepts in ergonomics

Task
Activity

Behavior

Performance

what we see

what does it
do

Man
what does what we
it require do

Actions (goal related to the task ) are the components of an activity (motivation)

Naturalistic driving studies
• Cameras and sensors
• Driver’s behaviors
– Speed, acceleration, braking, gaps,
interdistances, …
– Glances at road, off road, ….
– Usage of devices, talkings, …

8

07-12-2020

Driving task definition
•
•

•

“A situation in which a person has a problem to solve or a goal to achieve by
a succession of actions ”
Three levels
– Strategical (trip)
– Tactical (manœuvre)
– Operational (trajectory with longitudinal and lateral control)
Caracteristics
– Multiplicity (multi-tasks and other road users)
– Dynamism
– Uncertainty

Speed control and Longitudinal
and lateral Control of trajectory

• Monitoring and control of driving speed =
crucial subtask in driving
• Car-following model

Algorithms
ACC Automatic Cruise Control
Autonomous vehicle
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Turning left at Intersection

Gap acceptance

70

Crash avoidance
•

Crash avoidance
– Breaking
– Swerving

•

« Thanks to this popular physics we avoid colisions » . Not so good, then Driving
aids :
– ABS Antiblockiersystem
– ESC Electronic stability control
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The prescribed (or formal) task

The actual or redefined task

 The task to be carried out as
conceived by the designer of the
system and/or the safety manager.

 From what the driver actually does
(activity), the demands and
constraints that s/he effectively takes
into account.

 It sets out (more or less explicitly) a
number of prescriptions, which are
supposed to influence and to some
extent guide driver activity (formal
rules).
 In other words, the prescribed task
defines the expected driving
behaviour, what the driver should do
(in terms of performance and/or
procedures to follow).

 Identifying the actual task calls for a
detailed analysis of driver behaviour
with the aim of determining exactly
how drivers organise and perform the
driving task (informal rules):
Æ What their goals and
intentions are,
Æ What information they
select
from
the
environment,
Æ What motives and criteria
underlie their decisionmaking,?
Æ What regulating actions
they take.

Formal and informal rules
•
•
•
•

Speed limit
Interdistance
Driving etiquette (courtesy/agressiveness)
Yielding at intersection
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Psychological research in the field of driving ergonomics
 To describe and categorise driver behaviour (task completion) in situ (as
safe or unsafe, legal or deviant...),
 To identify the internal factors (relating to the driver himself, such as his
experience) and the external factors (the technical and social environment
of driving) that account for this behaviour,
 To reveal the psychological processes (perceptual, cognitive,
motivational,) that govern drivers’ activity.

Farida Saad

Activity models inspired by task-oriented
retroactive regulation
Comparison

Modes of
regulation
Knowledgebased
Rule-based
Skill_based
Automatism

Metaregulation
Change of Task/actions
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Psychological processes : A simplified model of driver’s categorisation
of the road situation and choice of regulating action (rule based)

Information in
the road environment

Driver’s knowledge

Situational
Representation

Choice of
regulating action

Farida Saad

Critical aspects of the driving task
Errors, incidents, conflicts and accidents = limits of drivers' adaptation to their
task. It is thus important to
– understand the reasons for such deviations,
– identify the conditions in which they are most likely to appear,
– analyse the processes that could explain their occurrence.

Farida Saad
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Reason 1: Human error or to err is human
•

Failure of planned action to achieve the desired end

•

Slips (automatic behavior : capture of similar actions)

•

Errors or Mistakes (conscious deliberations like misinterpreting the situations) due to
- vagaties of human thougths
- social pressure
- inapropriate physical structure

•

Violations (delibarate behavior)

Model of error analysis (Leplat, 1993)
Discrepancy between tasks

Prescribed Task

Redifined Task

Error
for
the driver

Error
for
the expert
Task carried out

Farida Saad
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2. Double external/internal (task/road user) regulation
for one more motive/purpose (work load)
Driver
Internal conditions

Internal
evaluation

Coupling

Driving task
External conditions

Diagnosis
Execution

External
evaluation

Consequences
for the Driver

Consequences
for the task

 Problems of regulation between the task capabilities which depend on
competences and the task demand (with variations).

 Reasons of accident into the mismatch (gap) between the variability of contexts
and conditions and the variability of performances ,rather than into the failures of
actions
Source: Leplat J., 2006 La notion de régulation dans l’analyse de l’activité

3. Coordination between goals (action) or motives
•

Compromise between goals
– Quick and well for two criteria: precision-celerity or Fastness-Accuracy
– Efficiency-Thoroughness trade-offs (Hollnagel)

•

Compromise between motives
– Efficiency- Least effort (work load)

(Rasmussen)
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Conditions: critical changes
Deviations are particularly common when drivers have to manage
changes
in road situations
or in other drivers’ behaviors
and pose serious problems that are known to have a significant impact
on the reliability and safety of man-machine systems (Hale and
Glendon, op. cit.; Leplat, op.cit.).
For the driver, these changes may be more or less predictable and more
or less expected, depending on whether or not s/he has the knowledge
and the information needed to detect and identify them as s/he drives
along.

Critical changes in the road infrastructure
•

Critical variations may occur due to a change in the road infrastructure that
the driver could not anticipate in view of the road characteristics upstream of
the change:
– For example, when the driver cannot anticipate the presence of a

sharp bend and momentarily loses control of the vehicle,
– or when the driver does not expect to come across traffic lights and
has to make a sudden stop
– or when the driver is not aware of a change in the road environment
•

These critical variations are often related to "coherency or consistency "
problems in the sequencing of different types of road environment (Fleury,
1988).
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Critical changes / behaviour of other road users
•

Critical variations may also be related to the behaviour of other road users,
when the action they take unexpectedly interferes with the tasks the driver is
performing or planning to perform.

•

Different elements could be at the root of these problems, such as
– the application of contradictory systems of rules by the different
participants in a situation,
– the lack of communication between users,
– or a failure to understand another driver's behaviour or intentions.
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For instance, some research shows that when crossing intersections,
drivers may take time to become aware of conflicts with other drivers, or
display a certain inertia in the regulating actions they take (Monseur and
Malaterre, 1969; Saad et al., 1990).
Factors associated with the features of the road environment (disparity
between the functional characteristics of an intersection and the
regulations governing it, or the visual aspect of the intersection), as well
as factors related to driver characteristics (general experience or specific
experience of the site), have been identified as the causes of these
problems.

Farida Saad

Process : the importance of proactive regulation
In-depth accident studies have highlighted the problems associated with the
temporal constraints underlying the occurrence of accidents and have
confirmed the importance of predictive activity when driving (Malaterre, 1990;
Van Elslande et al., 1998).
The disparities between drivers' expectations and anticipations and the
events that actually occur during their journeys seem to be a result of
processing errors and a belated detection of critical situations, reducing the
safety margin for resolving them.

Farida Saad
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Proactive regulation

feedforward

Input
Goal
Comparison

Regulation

Vehicle

Outcome

retroactive

Research orientations for designing roads
How to identify the relevant infrastructure features by providing a clear picture
of the functionality of the road space Categorisation
How to structure the road network by adopting homogeneous design principles
Consistency

How the road infrastructure could support drivers’ activity by
 “Positive guidance” (Allen and Lunenfeld, 1986)
 “Road readability” (Mazet, Dubois and Fleury, 1987)
 “Self-explaining roads” (Theeuwes and Godthelp, 1995)
Providing information to the driver via implicit rathe rthan explicit cues
Farida Saad
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2-1 lane

Road readability and the importance of expectation
– To help drivers to detect, identify and interpret current situations
– Given the dynamic nature of driving and the associated temporal
constraints, to facilitate their anticipation of on-coming situations and the
events that could occur.
– Given the collective nature of driving, to facilitate interactions between
drivers and to ensure that the rules to be applied for solving potential
conflicts are clear and easily understandable.
– Lastly, and in the longer term, reducing the variability of road
infrastructure design should make it easier for drivers to learn its
functionality and its use.
Farida Saad
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Space Speed Adaption Control by Self-Explaining
Roads Deliverable 6 2012
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Samuel G. Charlton, Hamish W. Mackie, Peter H. Baas, Karen Hay, Miguel Menezes, Claire Dixon, (2010)Using
endemic road features to create self-explaining roads and reduce vehicle speeds, Accident Analysis &
Prevention, Volume 42, Issue,Pages 1989-1998,

Behavioural adaptation
Several variables have been suggested as factors likely to induce the
occurrence of a behavioural response, such as :
 the drivers’ perception of the change introduced in the traffic
system : does the change directly influence the way the
driving task is performed, does the change alter the drivers’
subjective safety ?
 the degree of freedom that the change allows drivers : is there
any opportunity for drivers to change their behaviour ?
 the presence of competitive motives for changing behaviour,
and so on (OECD, 1990).

Farida Saad
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• The retro-active influence of road
improvement on safety and risk should be
controlled
• Better roads induce higher speed which, in
turn, lead to higher numbers of accidents
• Any safety measure on roads and their
environment should thus be completed by
some educative action addressing the
road-users concerned

Sustainable safety orientations (F. Wegman)
To structure the road network by adopting homogeneous and consistent design
principles
To identify the relevant infrastructure features likely to provide
 Clear picture of the Functionality of the road space (through categorisation: roads,
distributor roads, access roads)
 Homogeneity of mass and/or speed and direction
 Predictability of road course and road user behaviour by a recognizable road design
Multifunctionnality ?
Heterogeneity of road users (vulnerable road users and motorised vehicles) ?

Farida Saad
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Designing for prevention from D. Norman
•

Put the required knowledge in the world rather than in the head (provide a good
conceptual model)

•

Simplify the structure of the task

•

Keep the task much the same but provide mental aids

•

Use technology to make visible what would be otherwise invisible for improving
– feedback (immediate and obvious effect of action for control)
– feedforwarding (anticipation, planning in the future)
– ability to keep control

•

Change the nature of the task

Designing for prevention from D. Norman (2)
•

Narrow the gulf of execution and evaluation (distance between mental
representation and state of the system). Make things visible

•

Use the power of physical or artificial (cultural, semantic, logical) constraints to
reduce the number of alternatives

•

Prefer forcing functions rather than warning signals to prevent error (interlock,
lockin, lockout barriers) and minimise the nuisance

•

When all else fails, standardize the system (traffic signals). Form of cultural
constraints.
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Precautions
•

Designing for special people (make things adjustable) : aged (driver on motorways
at dusk), handicapped

•

The problem of focus : selective attention (fire escape). Trade-off : usability/safety
(not to use)

•

Eliminate one danger to create a second one

•

Problem of communication and coordination between road users (groups working
activity)

Complex situations
 The questions prompted by the identification of these preventive measures stem
from complex situations, whose dimensions must be examined and taken into
account when designing research studies, validating the results and formulating
recommendations.
 Open system : Complex (/well structured) and tigthly (/loosely) coupled
system
 Applying a systemic approach (see, for example, Hale and Glendon, 1987) entails
focusing on interaction phenomena between the driver(s) and the technical and
organisational components of the system (vehicle, road infrastructure, legislation,
traffic management,...) and hence going beyond a simplified view of causality in
analysing system malfunctions.

Farida Saad
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Ruled safety and managed safety
•
•
•
•

Tractable and loose system
Reified universe
Heteronomous
Ruled safety or safety by
constraints

•
•
•
•

Untractable and tight system
Consensual
Autonomous
Managed safety (Hollnagel,2014 ).

Drivers’ speeds in traffic
Monitoring and control of driving speed = crucial subtask in
driving
Speeding, which covers excessive speed (i.e. driving above the
speed limits) as well as inappropriate speed (driving too fast for
the prevailing conditions), is often a leading cause for many the
road accidents
Speeding can be seen as a multidimensional issue,
Sometimes unintentional (associated with perceptual errors or lack of
knowledge)
Sometimes deliberate (associated with negative attitudes towards
speed regulation, under-estimation of the risk associated with
speed, or suboptimal compromise between the various demands of
the driving task).
Farida Saad
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Many research devoted to analysing factors influencing speed behaviour
- perceptual aspects of speed control
- cognitive and motivational aspects of speed control
- drivers’ representations, attitudes beliefs and norms with regard to
driving speeds and the regulation or enforcement of speed limits
with a view to identifying ways of influencing driving speeds through various
countermeasures such as:
 Design of road infrastructure

 Design of new driver support system
 Drivers’ training
 Design of safety campaigns

What is the speed limit ?

Farida Saad
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And the speed limit is …

Farida Saad

Variables influencing speed perception
 Role played by peripheral vision in estimating driving speeds (Salvatore, 1967 and
1968)..

Speeds are estimated more precisely in peripheral vision, but are underestimated in
foveal vision
Influence of the size of the field of vision
Example: speed under-estimation on wide roads that lack peripheral points of
reference
 Role played by auditory information
Speed under-estimation when the driver is deprived of these information (Evans,
1970 ; MacLane et Wierwille, 1975).
Effect of the vehicle size on speed estimation (Mathews et Cousins, 1980) :
Example : reducing the noise in vehicle can cause under-estimation of driving speed
Farida Saad
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Variables influencing speed perception

 Effects of speed changes (acceleration ou déceleration).
The greater the deceleration , the greater the error in the estimation of a subsequent
speed (Salvatore, 1967; Denton, 1967).
The absolute error is greater after decelerating than after accelerating (Recarte et al.,
2000).
Example : Difficulties when managing « transitional situation », situations in which there
is a need to adjust speed significantly (Saad, 1974) .
 Speed adaptation associated with driving duration
Reduction of speed sensation with duration of driving (Denton, 1972).
The longer the exposure to an initial speed, the greater the adverse effect on driivers’
estimation of a lower subsequent speed (Shmidt et Tiffin, 1969).
Example: leaving a motorway ( slip road)
Farida Saad

Some infrastructure measures
Some studies have looked at the extent to which changes to road layout and design can offset
perceptual factors.
Denton (1971) : by modifying the spatial structure of the road environment, it should be
possible to compensate for speed adaptation mechanisms, notably at the approach to
transitional situations.
Use of transverse marking patterns : Compared to a road with no markings, drivers who
encountered the transverse markings made greater reductions in their speed.
This type of intervention was introduced under real conditions at approaches to driving situations
where drivers are required to reduce speed, such as approaches to roundabouts, bends or
motorway exit roads (see, for example, Denton, 1973; Helliar-Symons, 1981; Malaterre, 1977,
Shinar et al., 1980; Taylor et al., 1995).
Assessments of such markings generally show that drivers reduce their speed, although it is not
sure how long the effect lasts (Martens et al., 1997).

Farida Saad
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Some infrastructure measures
A more systematic investigation of various road markings and their combination was carried
out by Goodley et al. (1999) within a research programme on the effectiveness of “Perceptual
countermeasures to speeding” (PCM).
Perceptual countermeasures were defined as “manipulations of the road scene presented to
the driver that can influence his or her subsequent behaviour”.
A series of simulator studies: speed effect of a representative sample of PCMs (using
transverse, centreline or edge-line road markings) installed in either at the approach of
transition zones or along roads involving continuous driving.
Impact of transverse markings on drivers’ speed reduction at the approach of transitional zones
Peripheral transverse lines were also effective at reducing drivers’ speed.
Perceptual lane width narrowing is effective at reducing drivers’ speed along roads with continuous
driving.

Farida Saad

Speed cameras
• Effective
– Locally. Kangaroo driving (braking and
accelerating) occurs
– and generally (deterrence effect)
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Cognitive and motivational aspects of speed control
The cognitive and motivational aspects of speed choice include:




The knowledge,
The mental representations
And the strategies

that drivers use to remain in control of a given driving situation and to adjust their
speed to comply with
 “regulatory” requirements relating to speed limits
 Acceptance of speed limitation
 Margins of tolerance : magnitude and duration
 Perceptual level of enforcement
 and/or “functional” requirements relating to road infrastructure characteristics and
traffic conditions (Saad, 1983)
 Perception and identification of functional constraints
 Predection of changes in situations
Double regulation
Farida Saad

Drivers’ knowledge of speed limits in force
Several research studies suggest that there is confusion regarding the speed
limits in force on certain sections of road .
– Hogg (1977): Correct responses varied from 99% to 19%, depending on the road scene,
with factors such as width and alignment of the roads appearing to dominate drivers’
judgements.
– Cameron (1980): between 18% and 32% of the drivers stopped by an interviewing team were
unable to correctly identify the speed limit that applied on the stretch of road over which they
had been travelling.
– Same tendencies observed by Carney (1986) and Stradling et al. (2003)

Hence, lack of knowledge about which speed limits apply can, in certain
situations, account for the non-observance of speed limits in driving situations.
Drivers’ judgements are sensitive to differences in the road environment.
Depending on the characteristics of the environment, it is more or less easy for
drivers to guess the speed limit in force.

Farida Saad
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Drivers’ attitudes and representations of the speed
Aberg et al. (1997) studied the same phenomenon in Sweden and in Denmark on
eleven main roads traversing built-up areas with a speed limit of 50 Km/h, and then
questioning drivers (both on the spot and by questionnaire).
In both countries, over 50% of drivers failed to respect speed limits despite most
claiming to be in favour of compliance.
It was concluded that variables other than willingness to obey the law must influence
observed speeds.
– Most drivers overestimate the speeds of other drivers
– As many drivers also state that they want to travel at the same speed as other road
users, overestimation of the speed of other road users is probably one of the factors
that accounts for speeding.
– The results also showed that drivers who were least negative towards speeding drove
faster than other drivers.
– The drivers who thought that other road users were driving fast, or who wanted to
drive like other road users, maintained a higher speed than other drivers.
Farida Saad
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SafetyCube DSS
European Road Safety Decision Support System
https://www.roadsafety-dss.eu/

A critical issue : Behavioural Adaptation
Mainly used to signal unexpected or unanticipated behavioural changes
that appear in response to the introduction of a change in the traffic
system and which may (more or less) jeopardise its expected safety
benefits.
Behavioural adaptation may be an immediate response to the change
introduced in the traffic system or may only appear after a long time
period.
Although behavioural adaptation is a widely acknowledged phenomenon,
the factors likely to explain it and the processes underlying its occurrence
(in time and space) and are not clearly established.

Farida Saad
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Synthesis

•

Incompleteness of formal rules and necessity to study informal rules with a
pluridisciplinar approach

•

Driving is social and the origin of rules is found into the social
representations of the driving situation

•

The existence of two formal and informal rule systems in road driving must
be recognized and taken advantage of in order to reconcile two modes of
safety: regulated and managed.

Synthesis
Studies that seek to identify the variables relating to infrastructure characteristics
show that drivers make larger speed adjustments where the transitional situation is
clearly of a functional nature, that is to say where the need to adjust the speed of
their vehicle is sufficiently “obvious” to them.
– Formal notification of a transitional situation (signing) is not sufficient to induce
appropriate speed behaviour if it does not correspond to the way in which the driver
perceives and categorises the situation.
– Obvious discrepancies between the structural elements of the road environment and
the speed limits in force reinforce inappropriate driving behaviour.

This suggests that it is important for road designers either to highlight the
transitional situation visually or to incorporate structural constraints that clearly
identify it as a change in relation to the previous situation.
Farida Saad
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Synthesis
Studies examining the contribution of legal speed limits to speed behaviour show
that drivers do not usually comply strictly with speed limits.
Drivers exceed speed limits to varying extents, depending on the driving context and
their own characteristics.
Drivers’ attitudes to speed limits, the importance they attach to compliance with
local traffic conditions, as well as their representations of the speeds of other road
users, also account for the diversity of speed adjustments made by drivers.

Farida Saad
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