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Variables influencing driver speed

Safety on inter-city roads
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Summary

ÅI. Road infrastructure and driving task

ÅII. Drivers speed in trafic

ÅIII. Part played by infrastructure factors in 

accident processes

ÅIV. What rationale for improving roads ?
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Design and ergonomics of roads (streets)

Function

Form

Usage

ɟɔɞɜ / ®rgon (ç travail è) et ɜɧɛɞɠ / nɧmos (ç loi è)

Farida Saad

Road infrastructure as an interface 

between Designers and Road Users

ÁThedesignof theinfrastructureandtheformulationof thetrafficrulesdetermineits

use: choicesmadebythedesignersof theroadsystemincludingroadandtrafficengineers

andthelegislatorsofthehighwaycode(twofaces: physical+organisational)

ÁTheroad infrastructureconveysa wealthof informationthatguidesdriversôactivityand

theirinteractionswithothersinsitu

Áexplicitlythroughdevicessuchasroadsignsandroadmarkings,

Áimplicitlybymeansoftheenvironmentalcontextandroadlayout,forexample.

Maindesignissues: compatibilitybetweenthechoicesmadebydesignersandthedrivers

needstoachievetheirobjectivesandperformtheirdrivingtaskefficientlyandsafely.
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Driving task definition

ÅñA situation in which a person has a problem to solve or a 

goal to achieveò by a succession of actions

ÅThree levels

ïStrategical (trip)

ïTactical (manîuvre)

ïOperational (trajectory with longitudinal and lateral control)

ÅCaracteristics

ïMultiplicity (multi-tasks and other road users)

ïDynamism

ïUncertainty

The prescribed (or formal) task

Á The task to be carried out as
conceivedby the designerof the
systemand/orthesafetymanager.

Á It setsout (moreor lessexplicitly)
a number of prescriptions,which
are supposedto influence and to
some extent guide driver activity
(formal rules).

Á In otherwords,the prescribedtask
defines the expected driving
behaviour, what the driver should
do (in termsof performanceand/or
proceduresto follow).

The actual  or redefined task 

Á What the driver actually does
(activity), the demands and
constraintsthats/heeffectivelytakes
intoaccount.

Á Identifyingtheactualtaskcallsfor a
detailedanalysisof driverbehaviour
with the aim of determiningexactly
howdriversorganiseandperformthe
drivingtask(informalrules):

ĄWhat their goals and
intentionsare,

ĄWhat information they
select from the
environment,

ĄWhat motives and criteria
underlie their decision-
making,?

ĄWhat regulating actions
theytake.
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Model of analysis (Leplat, 1993)

Prescribed Task Redifined Task

Task carried out

Discrepancy between tasks

Error 

for 

the expert

Error 

for 

the driver

Human error or to err is human

ÅFailure of planned action to achieve the desired 
end

ÅSlips (automatic behavior : capture of similar 
actions)

ÅErrors or Mistakes (conscious deliberations like 
misinterpreting the situations) due to
- vagaties of human thougths

- social pressure

- inapropriate physical structure

ÅViolations (delibarate behavior)
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Psychological research in the field of driving ergonomics

ÁTodescribeandcategorisedriverbehaviour(taskcompletion)in situ (as

safeor unsafe,legalor deviant...),

ÁToidentifytheinternalfactors(relatingto thedriverhimself,suchashis

experience)andtheexternalfactors(thetechnicalandsocialenvironment

of driving)thataccountfor thisbehaviour,

ÁTo reveal the psychological processes (perceptual, cognitive,

motivational,)thatgoverndriversõactivity.

Farida Saad

Psychological processes :A simplified model of driverôs categorisation 
of the road situation and choice of regulating action

Information in 

the road environment

Situational

Representation

Driverôs knowledge

Choice of 

regulating action
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Behavioral models

Skill_based

Rule-based

Knowledge-

based

Behavior is determined by the combination of 

-internal knowledge

-external knowledge

-constraints

Minimize the amount of 

material to learn

or the completeness or 

precision

Farida Saad

The importance of predictive activity

In-depthaccidentstudieshavehighlightedtheproblemsassociatedwiththe

temporalconstraintsunderlyingthe occurrenceof accidentsand have

confirmedtheimportanceof predictiveactivitywhendriving(Malaterre,1990;

VanElslandeetal., 1998).

Thedisparitiesbetweendrivers'expectationsandpredictionsandtheevents

thatactuallyoccurduringtheirjourneysseemto be a resultof processing

errorsanda belateddetectionofcriticalsituations,reducingthesafetymargin

forresolvingthem.
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Research orientations for designing roads

The malfunctionsobserved(lapses,errors,violations,conflicts,accidents)have led
researchersto focuson identifyingthe factorsand mechanismsat the root of these
problems.

Howtheroadinfrastructurecouldsupportdriversôactivity

ÁñPositiveguidanceò(AllenandLunenfeld,1986)

ÁñRoadreadabilityò(Mazet,DuboisandFleury,1987)

ÁñSelf-explainingroadsò(TheeuwesandGodthelp,1995)

Howto structurethe roadnetworkby adoptinghomogeneousand consistentdesign
principles

Howtoidentifytherelevantinfrastructurefeatureslikelytoprovideaclearpicture

of thefunctionalityof theroadspace

Farida Saad

Road readability and the importance of expectation

ïTo help drivers to detect, identify and interpret current situations 

ïGiven the dynamic nature of driving and the associated temporal 
constraints, to facilitate their anticipation of on-coming situations and the 
events that could occur. 

ïGiven 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. 

ïLastly, 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. 
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Sustainable safety orientations (F. Wegman)

Tostructuretheroadnetworkby adoptinghomogeneousandconsistent
designprinciples

Toidentifytherelevantinfrastructurefeatureslikelytoprovide

Clear picture of the Functionality of the road space (through
categorisation: roads,distributorroads,accessroads)

Homogeneityof massand/orspeedanddirection

Predictabilityof roadcourseandroaduserbehaviourbya recognizable
roaddesign

Designing for prevention from D. Norman

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

ÅSimplify the structure of the task

ÅKeep the task much the same but provide mental aids

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

ÅChange the nature of the task
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Designing for prevention from D. Norman(2)

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

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

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

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

Precautions

ÅDesigning for special people (make things adjustable) : 

aged (driver on motorways at dusk), handicapped

ÅThe problem of focus : selective attention (fire escape). 

Trade-off : usability/safety (not to use)

ÅEliminate one danger to create a second one

ÅProblem of communication and coordination between 

road users (groups working activity)
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Complex situations

Á 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. 

Á Open system : Complex (/well structured) and tigthly (/loosely) coupled 
system

Á Applying a systemic approach (see, for example, Hale and Glendon, 1987) entails 
focusing on interaction phenomenabetween 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.

Á Reasons of accident into the mismatch between the  variability of  contexts and 
conditions and the variability of performances ,rather than into the failures of 
actions

Accidents are the result of some defective interaction in the system
Pierre van Eslande

V

Guidance

dynamic

Feed-back information

Use of the controls

E

Demandson

the vehicule

Vehicle

mouvements

Information

acquisition 

dynamic

Vehicle

interaction

Information

processing

dynamic
H

Information

sought

Available

information

V

Guidance

dynamic

Feed-back information

Use of the controls

E

Demandson

the vehicule

Vehicle

mouvements

Information

acquisition 

dynamic

Vehicle/road

dynamic

Information

processing

dynamic
U

Information

sought

Information

sought

Available

information

Available

information



23-01-2018

11

Emergence

ÅCar-following model

Farida Saad

Critical aspects of the driving task

Errors,incidents,conflictsand accidents= limits of drivers'adaptationto
theirtask

ï It is thusimportantto understandthereasonsfor suchdeviations,

ïToidentifytheconditionsin whichtheyaremostlikelyto appear,

ïToanalysetheprocessesthatcouldexplaintheiroccurrence.

Deviationsareparticularlycommonwhendrivershaveto managechanges
in road situationsand pose seriousproblemsthat are known to havea
significant impact on the reliability and safety of man-machinesystems
(HaleandGlendon,op. cit.; Leplat,op.cit.).

Forthedriver,thesechangesmaybemoreor lesspredictableandmoreor
lessexpected,dependingonwhetheror nots/hehastheknowledgeandthe
informationneededto detectandidentifythemass/hedrivesalong.
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Performance migration and rule violations

Amalberti

Rasmussen)
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Exemple

ÅShared spaces 

ÅHans Monderman
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Driversõ 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).

Manyresearchdevotedto analysingfactorsinfluencingspeedbehaviour

- perceptualaspectsof speedcontrol

- cognitiveandmotivationalaspectsof speedcontrol

- driversõrepresentations, attitudesbeliefsand normswith regardto

drivingspeedsandtheregulationor enforcementof speedlimits

with a viewto identifyingwaysof influencingdriving speedsthroughvarious

countermeasuressuchas:

Á Design of road  infrastructure

Á Design of new driver support system 

ÁDriversõ training 

Á Design of safety campaigns
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Variables influencing speed perception

ÁRole 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 

ÁRole played byauditory 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

Variables influencing speed perception

ÁEffectsof speedchanges(accelerationoudéceleration).

Thegreaterthe deceleration, the greaterthe error in the estimationof a subsequent
speed(Salvatore,1967; Denton,1967).

Theabsoluteerror is greaterafter deceleratingthan after accelerating(Recarteet al.,
2000).

Example: Difficultieswhenmanaging« transitionalsituation», situationsin whichthere
is aneedto adjustspeedsignificantly(Saad,1974) .

ÁSpeed 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 driiversõ 
estimation of a lower subsequent speed (Shmidt et Tiffin, 1969).

Example: leaving a motorway ( slip road) 
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Some infrastructure measures   

Somestudieshavelookedat theextentto whichchangesto roadlayoutanddesigncanoffset
perceptualfactors.

Denton(1971) : by modifyingthe spatial structureof the road environment,it should be
possible to compensatefor speed adaptationmechanisms,notably at the approachto
transitionalsituations.

Use of transversemarking patterns : Comparedto a road with no markings,drivers who
encounteredthetransversemarkingsmadegreaterreductionsin theirspeed.

Thistypeof interventionwasintroducedunderrealconditionsat approachesto drivingsituations
wheredriversare requiredto reducespeed,such as approachesto roundabouts,bendsor
motorwayexit roads(see,for example,Denton,1973; Helliar-Symons,1981; Malaterre,1977,
Shinaretal., 1980; Tayloretal., 1995).

Assessmentsof suchmarkingsgenerallyshowthat driversreducetheirspeed,althoughit is not
surehowlongtheeffectlasts(Martensetal., 1997).

Farida Saad

Some infrastructure measures   

A moresystematicinvestigationof variousroadmarkingsandtheircombinationwascarried
out by Goodleyet al. (1999) withina researchprogrammeon theeffectivenessofòPerceptual
countermeasurestospeedingó(PCM).

Perceptualcountermeasuresweredefinedasòmanipulationsof the roadscenepresentedto
thedriverthatcaninfluencehisor hersubsequentbehaviouró.

A series of simulator studies: speed effect of a representativesampleof PCMs(using
transverse,centrelineor edge-line road markings)installed in either at the approachof
transitionzonesor alongroadsinvolvingcontinuousdriving.

Impactof transversemarkingsondriversõspeedreductionattheapproachof transitionalzones

Peripheraltransverselineswerealsoeffectiveatreducingdriversõspeed.

Perceptuallanewidthnarrowingis effectiveat reducingdriversõspeedalongroadswith continuous
driving.
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Cognitive and motivational aspects of speed control

Thecognitiveandmotivationalaspectsof speedchoiceinclude:

Á Theknowledge,

Á Thementalrepresentations

Á Andthestrategies

thatdriversuseto remainin controlof a givendrivingsituationandto adjusttheir

speedto complywith

Áòregulatoryórequirementsrelatingto speedlimits

ÁAcceptanceof speedlimitation

ÁMarginsof tolerance: magnitudeandduration

Á and/oròfunctionalórequirementsrelatingto roadinfrastructurecharacteristicsand

trafficconditions(Saad,1983)

ÁPerceptionandidentificationof functionalconstraints

ÁPredectionof changesin situations

Farida Saad

Driversõ knowledge of speed limits in force

Severalresearchstudiessuggestthat thereis confusionregardingthe speed
limitsin forceoncertainsectionsof road.

ïHogg(1977): Correctresponsesvariedfrom 99% to 19%, dependingon the road scene,
with factors such as width and alignmentof the roads appearingto dominatedriversõ
judgements.

ïCameron(1980): between18%and32%of thedriversstoppedbyaninterviewingteamwere
unableto correctlyidentifythespeedlimit thatappliedon thestretchof roadoverwhichthey
hadbeentravelling.

ïSametendenciesobservedbyCarney(1986)andStradlingetal. (2003)

Hence,lack of knowledgeabout which speed limits apply can, in certain
situations,accountfor thenon-observanceof speedlimitsin drivingsituations.

Driversõjudgementsaresensitiveto differencesin theroadenvironment.

Dependingon thecharacteristicsof theenvironment,it is moreor lesseasyfor
driversto guessthespeedlimit in force.
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Driversõ attitudes and representations of the speed

Aberget al. (1997) studiedthe samephenomenonin Swedenand in Denmarkon
elevenmainroadstraversingbuilt-up areaswith a speedlimit of 50Km/h,andthen
questioningdrivers(bothonthespotandbyquestionnaire).

In both countries,over 50% of driversfailed to respectspeedlimits despitemost
claimingto bein favourof compliance.

It wasconcludedthatvariablesotherthanwillingnessto obeythelawmustinfluence
observedspeeds.

ïMostdriversoverestimatethespeedsof otherdrivers

ïAs manydriversalsostatethat theywantto travelat the samespeedas otherroad
users,overestimationof the speedof otherroadusersis probablyoneof the factors
thataccountsfor speeding.

ïTheresultsalsoshowedthatdriverswhowereleastnegativetowardsspeedingdrove
fasterthanotherdrivers.

ïThedriverswho thoughtthat other roadusersweredriving fast, or who wantedto
drivelikeotherroadusers,maintainedahigherspeedthanotherdrivers.

ISA
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Synthesis 

Studiesthat seekto identify the variablesrelatingto infrastructurecharacteristics

showthatdriversmakelargerspeedadjustmentswherethe transitionalsituationis

clearlyof a functionalnature,that is to say wherethe needto adjustthe speedof

theirvehicleis sufficientlyòobviousóto them.

ïFormalnotificationof a transitionalsituation (signing)is not sufficient to induce

appropriatespeedbehaviourif it doesnot correspondto the wayin whichthe driver

perceivesandcategorisesthesituation.

ïObviousdiscrepanciesbetweenthestructuralelementsof theroadenvironmentand

thespeedlimits in forcereinforceinappropriatedrivingbehaviour.

This suggests that it is important for road designerseither to highlight the

transitionalsituationvisually or to incorporatestructuralconstraintsthat clearly

identifyit asachangein relationto theprevioussituation.

Farida Saad

Synthesis 

Studiesexaminingthe contributionof legalspeedlimits to speedbehaviourshow

thatdriversdonotusuallycomplystrictlywithspeedlimits.

Driversexceedspeedlimits to varyingextents,dependingonthedrivingcontextand

theirowncharacteristics.

Driversõattitudesto speedlimits, the importancethey attach to compliancewith

local traffic conditions,as well as their representationsof the speedsof otherroad

users,alsoaccountfor thediversityof speedadjustmentsmadebydrivers.
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Part played by infrastructure 

factors in accident processes
ÅI.1 in the normal traffic situation

ÅI.2 in the pre-crash situation

ÅI.3 in the emergency situation

ÅI.4 in the crash situation

NORMAL

DRIVING 

BREAKING

POINT 

EMERGENCY

SITUATION 
POST-CRASH

SITUATION 

D. A. I.

CRASH

SITUATION 

ÅRoad alignment

- horizontal (bends)

- Vertical (slopes)

ÅRoad or lane width

ÅShoulder surface and width

ÅRoad surface

ÅRoad environment

ÅLateral obstacles

ÅSigning

ÅCentral and lateral markings

ÅJunction design
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I.1 in the normal traffic situation

ÅThe road user activity:

- collecting information from the road and its 

environment

- treating the information in order to build up 

a representation of the driving situation

- controling speed and trajectory of the 

vehicle
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ÅThe road features must help drivers

- To exert this control adequately

- To foresee any hazard that may occur

Howtheroadinfrastructurecouldsupportdriversõactivity

ÁñPositiveguidanceò(AllenandLunenfeld,1986)

ÁñRoadreadabilityò(Mazet,DuboisandFleury,1987)

ÁñSelf-explainingroadsò(TheeuwesandGodthelp,1995)

Farida Saad

What is the speed limit ?
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And the speed limit is é
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I.2 in the pre-crash situation

ÅThe pre-crash situation is a breaking point 

in a road user movement

- Signing and marking indicate to the road-

users the hazards they need to expect

- Road features should also help reduce 

potential encounters and therefore 

conflicts between road-users
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Critical changes in the road infrastructure

Criticalvariationsmayoccurdueto a changein the roadinfrastructure
that the driver could not anticipatein view of the road characteristics
upstreamof thechange:

ï Forexample,whenthedrivercannotanticipatethepresenceof a
sharpbendandmomentarilylosescontrolof thevehicle,

ï or whenthedriverdoesnot expectto comeacrosstraffic lights
andhasto makeasuddenstop.

Thesecriticalvariationsareoftenrelatedto "coherency"problemsin the

sequencingof differenttypesof roadenvironment(Fleury,1988).

Farida Saad

Managing changes in road situations

For instance,someresearchshows that whencrossing intersections,
driversmaytaketimeto becomeawareof conflictswithotherdrivers,or
displaya certaininertiain theregulatingactionstheytake(Monseurand
Malaterre,1969; Saadetal., 1990).

Factorsassociatedwith the featuresof the roadenvironment(disparity
between the functional characteristicsof an intersection and the
regulationsgoverningit, or thevisualaspectof the intersection),aswell
asfactorsrelatedto drivercharacteristics(generalexperienceor specific
experienceof the site), have been identifiedas the causesof these
problems.
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In a curve

ÅPutting in specific chevron signs as well as 

markings are cost effective 

countermeasures

ÅIf larger financial means are available, it is 

recommanded to flatten the curve 

(increase the radius)
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Self-explaining roads ? By X. Cocu

Farida Saad

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 

ï the application of contradictory systems of rules by the different 

participants in a situation, 

ï the lack of communication between users, 

ï or a failure to understand another driver's behaviour or 

intentions. 
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I.3 in the emergency situation

ÅThe road must « forgive »

ÅIn particular, shoulders should provide 
sufficient space:

- to make it possible to avoid frontal 
collisions

- to return to normal trajectory after a car 
has encroached

- To be used by non-motorized traffic (pre-
crash situation)

Width of the carriageway and of shoulders

ÅAccident rates decrease with increases in 

lane and shoulder width

ÅOptimal carriageway and shoulder width 

depends upon traffic volumes and road 

alignment
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I.4 in the crash situation

ÅThe trajectory may end by:

- a lateral or frontal collision with obstacles

- a rollover

ÅThrough secondary safety measures , reduce 

the severity of injuries by

- clearing the road sides

- removing hard obstacles

- protecting vehicles against them through 

restraint systems (guardrails or barriers)


