23-01-2018

Variables influencing driver speed
Safety on inter-city roads
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Summary

Al. Road infrastructure and driving task
All. Drivers speed in trafic

Alll. Part played by infrastructure factors in
accident processes

AIV. What rationale for improving roads ?
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Design and ergonomics of roads (streets)
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110 Conceptual Models. The design model is the designer’s conceptual model. The
user's model is the mental model developed through interaction with the syflem, The
system image results from the physical structure that has been built (ir:cludmg docu-
‘mentation, instructions, and labels). The designer expects the user’s model to be
identical to the design model. But the designer doesn't talk directly with the
user—all communication takes place through the system image. If the system
image does not make the design model clear and consistent, then the user will end
up with the wrong mental model. (From Norman, 1986.)

G
MODEL
@ m Function Usage

p=

SYSTEM

, Form

Farida Saad

Road infrastructure as an interface
between Designers and Road Users

AThedesignof theinfrastructureandthe formulatiorof the traffic rulesdeterminéts

use choicesnadebythedesignersftheroadsystenincludingoadandtrafficengineers
andthelegislatorsfthehighwagodetwaofaces physical+organisational)

ATheroadinfrastructureconveys wealthof informatiothatguidesd r i wacévitysnd
theirinteractionsithothersnsitu

Aexplicitihrougllevicesuchasroadsignsandroadmarkings,
Amplicitihymeanftheenvironmenntexandroadayoutforexample

Maindesignissues: compatibilityetweerthe choicesnadeby designerandthedrivers
needgoachieveheirobjectiveandperforntheirdrivingaskefficientlgndsafely

Farida Saad
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Driving task definition

ARA situati on
goal to achi

A Three levels
I Strategical (trip)

I n which a
eveo by a s

i Tactical (manifuvre)
i Operational (trajectory with longitudinal and lateral control)

A Caracteristics

I Multiplicity (matisks and other road users)

i Dynamism
I Uncertainty

The prescribed (or formal) task The actual or redefined task
A The task to be carried out as A What the driver actually does

conceivedby the designerof the
systemand/orthe safetymanager

A It setsout (more or lessexplicitly)
a number of prescriptions,which
are supposedto influence and to
some extent guide driver activity
(formal rules)

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

(activity), the demands and
constraintthats/heeffectivelyakes
intoaccount

Identifyinghe actuattaskcallsfor a
detailedanalysiof driverbehaviour
with the aim of determiningxactly
howdriverrganis@andperfornthe

drivindask(informalules)
A What their goals and
intentionsare,
A What information they
select from the

environment,

A What motives and criteria
underlie their decision
making,?

A What regulating actions
theytake
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Model of analysis (Leplat, 1993)

Error Error
for for

the expert the driver
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Human error or to err is human

A Failure of planned action to achieve the desired
end

A Slips (automatic behavior : capture of similar
actions)

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

A Violations (delibarate behavior)
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Psychological research in the field of driving ergonom

ATodescribeandcategorisariverbehaviou(taskcompletion)n situ (as
safeor unsafe)egalor deviant.),

AToidentifytheinternalfactors(relatingto thedriverhimself suchas his
experienceandthe externafactors(thetechnicalndsocialenvironment
of driving)thataccounffor this behaviour,

ATo reveal the psychological processes (perceptual, cognitive,
motivational Jhatgovernd r i \activitys &

Farida Saad

Psychological processes: si mpl i fied model
of the road situation and choice of regulating action

Farida Saad
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Behavioral models
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Behavior is determined by the combination of Minimize the amount of
-internal knowledge material to learn
-external knowledge or the completeness or
-constraints precision

The importance of predictive activity

Inrdepthaccidentstudieshavehighlightethe problemsassociatediththe
temporalconstraintsunderlyingthe occurrenceof accidentsand have
confirmedheimportancef predictivactivitywhendriving(Malaterre, 990
VanElslandetal, 1998.

Thedisparitiesetweeudrivers'expectationandpredictionsandtheevents
thatactuallyoccurduringtheirjourneyseemto be a resultof processing
errorsanda belatedietectioonf criticakituationseducinghesafetymargin
forresolvinghem

Farida Saad



Research orientations for designing roads

The malfunctionsobservedlapses,errors,violationsgonflicts accidentshave led
researchero focuson identifyinghe factorsand mechanismat the root of these
problems

Howtheroadnfrastructusuldsupportl r i acevitys 6
AR P o sgiuti i d@drermredlunenfeld, 986
A fRoadreadabilitp(MazetDuboisindFleury1987
A S-expldining o a(TheediwesndGodthel,995

Howto structurehe roadnetworlkby adoptingiomogeneousnd consistentdesign
principles

Howtoidentifgherelevaninfrastructufeature$ikelytoprovidea clearpicture

of thefunctionalityof theroadspace
Farida Saad

Road readability and the importance of expectation

T To help drivers to detect, identify and interpret current situations

T Given the dynamic nature of driving and the associated temporal
constraints, to facilitate their anticipation eEoming situations and the
events that could occur.

T 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.

T 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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Sustainable safety orientations (F. Wegman)

Tostructurehe roadnetworlby adoptindjomogeneousind consistent
designprinciples

Toidentifgherelevaninfrastructufeaturesikelyto provide

Clear picture of the Functionality of the road space (through
categorisatiorroads,distributorroads,accessroads)

Homogeneitpf massand/orspeedanddirection

Predictabilityof roadcourseandroaduserbehaviouby arecognizable
roaddesign

Farida Saad

Designing for preventidrom D. Norman

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

A Simplify the structure of the task
A Keep the task much the same but provide mental aids

A Use 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)

A Change the nature of the task
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Designing for preventidrom D. Norm#)

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

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

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

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

Precautions

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

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

A Eliminate one danger to create a second one

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



Complex situations

A The questions prompted by the identification of these preventive measure
fromcomplex situationsvhose dimensions must be examined and taken int
account when designing research studies, validating the results and formt
recommendations.

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

A Applying a systemic approach (see, for example, Hale and Glendon, 1987
focusing anteraction phenomeretween the driver(s) and the technical anc
organisational components of the system (vehicle, road infrastructure, leg
traffic management,...) and heriog beyond a simplified view of causality in
analysing system malfunctions

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

Farida Saad

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

Guidance
dynamic
Information
processing
dynamic

Vehicle/road
Information . interaction
acquisition dynamic

dynamic

23-01-2018

10



23-01-2018

Emergence

A Car-following model

S it

vt + T7)

a(t+T7) = A°

(Tieq(t) — J'.:r:j-:j-m:'!'"—“” — (1))

420
410 /
Zemred mesd| /
; wgEis: mes oo 400 y
4 / y
i ~ 390 i
- H E { f /
- é sanll / / ; 4 / 4
_ i = iy / 4 /J /
5 S T A VYA,
- | Ty S
| whicw angt| { trisruchon dutarce | e / - v
T T T T T T ° Iy / / - e
Fareat Tres cum [ I o /
350 1 7 - A
5 o / d ~
Smeing L o Y . L £
3250 3400 30 3500 3530 3600 3650

time(>0 1eec)

Critical aspects of the driving task

Errors,incidents,conflictsand accidents= limits of drivers'adaptatiorto
theirtask
T Itis thusimportanto understandhereasongor suchdeviations,
I Toidentifytheconditionsn whichtheyaremostlikelyto appear,
i Toanalyseheprocesseghatcouldexplaintheiroccurrence

Deviationsare particularlycommonwhendrivershaveto managechanges
in road situationsand pose serious problemsthat are knownto havea
significantimpacton the reliability and safety of manmachinesystems
(HaleandGlendongp. cit.; Leplatop.cit.).

Forthe driver,thesechangesmaybe moreor less predictableand moreor
lessexpecteddependingn whetheror not s/hehasthe knowledgeandthe
informatiomeededo detectandidentifythemass/hedrivesalong

Farida Saad
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Performance miaration and rule violations
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Safety by management

Individual, team,
organisation
(sharp end, blunt end)

Physiological Performance
yolologica “ in»  Success (no  variability is needed
factore Amplify accidents or for normal
Psychological incidents) functioning
factors (succeses)
. Normal function
2210::"5 (performance
variability)
Organisational . Failures cannot be
factors J i prevented by
Environmental “Dampen” (.aod ento, eliminating
factors in6iderits) performance
variability

Safety is achieved by managing unwanted combinations of
performance variability without adversely affecting successes
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Driversodo speeds 1in

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

Manyresearchdevotedo analysindgactorsinfluencingspeedbehaviour
- perceptuabspectof speedcontrol
- cognitiveandmotivationaaspectsof speedcontrol

-d r i wepreseriiationsattitudesbeliefsand norms with regardto
drivingspeedsandtheregulatioror enforcementof speedimits

with a viewto identifyingways of influencingdriving speedsthroughvarious
countermeasuresuchas

A Design of road infrastructure

A Design of new driver support system
ADrivers® training
A Design of safety campaigns

14
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Variables influencing speed perception

ARole played by peripheral visiorestimating 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 undestimation on wide roads that lack peripheral points of
reference

ARole played byuditory information

Speed undeestimation 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-estiteation of driving speed

Farida Saad

Variables influencing speed perception

AEf‘fectsof speedchangegacceleratiomu déceleration)

The greaterthe deceleration the greaterthe error in the estimationof a subsequent
speed(Salvatore1967 Denton1967.

The absoluteerror is greaterafter deceleratinghan after acceleratingRecarteet al.,
2000).

Example Difficultieswhenmanagingg transitionakituation», situationsin whichthere
is aneedto adjustspeedsignificantly(Saad 1974 .

ASpeed adaptation associated with driving duration
Reduction of speed sensation with duration of driving (Denton, 1972).

The | onger the exposure to an initial
estimation of a lower subsequent speed (Shmidt et Tiffin, 1969).

Example: leaving a motorway ( slip road)

Farida Saad
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Some infrastructure measures

Somestudieshavelookedatthe extentto whichchangego roadlayoutanddesigncanoffset
perceptuafactors

Denton(1971) : by modifyingthe spatial structure of the road environmentjt should be
possible to compensatefor speed adaptationmechanismsnotably at the approachto
transitionakituations

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

Thistype of interventionwasintroducedunderreal conditionsat approachego drivingsituations
wheredrivers are requiredto reducespeed,such as approachego roundaboutspendsor
motorwayexit roads (see,for example Denton,1973 HelliarSymons,1981 Malaterre 1977
Shinaretal, 1980 Tayloretal.,, 1995.

Assessment®f such markingsgenerallyshowthat driversreducetheir speed althoughit is not
surehowlongtheeffectlasts(Marten®tal., 1997.

Farida Saad

Some infrastructure measures

A moresystematidnvestigatiorof variousroadmarkingsandtheir combinatiorwascarried
outby Goodleyetal. (1999 withina researctprogrammen the effectivenesefo Per c e
countermeasure®s p e e dACW)g 6

Perceptuatountermeasureweredefinedasd ma n i p wfthe toad scangpresentedo
thedriverthatcaninfluencehisorhersubsequenb e ha v.i our 6

A series of simulatorstudies speed effect of a representativesample of PCMs(using
transverse centrelineor edgeline road markings)installedin either at the approachof
transitionzonesor alongroadsinvolvingcontinuoudriving

Impacoftransversenarkingond r i speededictiorattheapproactoftransitionakones
Peripheraransversdineswerealsoeffectiveatreducingd r i speeds 0

Perceptualanewidth narrowingis effectiveat reducingd r i \smeedaldhgroadswith continuous
driving

Farida Saad
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Cognitive and motivational aspects of speed control

Thecognitiveandmotivationahspectsof speedchoiceinclude
A Theknowledge,
A Thementarepresentations
A Andthestrategies
thatdriversuseto remainin controlof a givendriving situationandto adjusttheir
speedto complywith
A o r e g u requiramenyséatingto speedimits
A Acceptancef speedimitation
A Marginsof tolerance magnitudeandduration
A and/ord f u n ¢ tegquoemantsélatingto roadinfrastructurecharacteristicsand
trafficconditions(Saad,1 983
A Perceptiorandidentificatiorof functionalconstraints
A Predectionof changesn situations

Farida Saad

Driversd® knowl edge of

Severalresearchstudies suggestthat thereis confusionregardingthe speed
limitsin forceon certainsectionsof road.
T Hogg(1977: Correctresponsesvariedfrom 99% to 19% dependingon the road scene,
with factors such as width and alignmentof the roads appearingto dominated r i v e r
judgements
i Cameror{1980: betweerl8b6and32% of thedriversstoppedby aninterviewingeamwere
unableto correctlyidentifythe speedimit thatappliedon the stretchof roadoverwhichthey
hadbeenrtravelling
i Sameendenciesbservedy Carney198§andStradlingetal. (2003
Hence,lack of knowledgeabout which speed limits apply can, in certain
situationsaccountor thenonobservancef speedimitsin drivingsituations
Dr i vjedgesnéntaresensitiveto differencesn theroadenvironment
Dependingn the characteristicof the environmentit is moreor less easyfor
driversto guessthespeedimitin force

Farida Saad
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Driverso attitudes and

Aberget al. (1997 studiedthe samephenomenorin Swedenand in Denmarkon
elevenmainroadstraversingbuiltup areaswith a speedlimit of 50Km/h,andthen
questioninglrivers(bothon the spotandby questionnaire)
In both countries,over 50% of driversfailedto respectspeedlimits despitemost
claimingto bein favourof compliance
It wasconcludedhatvariabletherthanwillingnesso obeythelawmustinfluence
observedspeeds

I Mostdriversoverestimat¢he speedsof otherdrivers

i As manydriversalso statethat theywantto travelat the samespeedas otherroad
users,overestimatiorof the speedof otherroad usersis probablyone of the factors
thataccountsfor speeding

I Theresultsalsoshowedhatdriverswhowereleastnegativaowardsspeedingirove
fasterthanotherdrivers

I Thedriverswho thoughtthat otherroad usersweredriving fast, or who wantedto
drivelike otherroadusers,maintained higherspeedthanotherdrivers

Farida Saad
ISA
PRUDENTS DEFIANTS HEDONISTS PRAGMATISTS
Danger Danger - -
- Pleasure Pleasure -
- - Rapidity Rapidity
- - Gaining time Gaining time
- - - Enforcement
- - - Vigilance
N=216 N=56 N=42 N=80

35% of the population  14% of the population  11% of the population  20% of the population

Table 1. Central core of the four representations of speed

g

4 16% — Neutre
& — nformaif

— Contraint
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Synthesis

Studiesthat seekto identifythe variablesrelatingto infrastructurecharacteristics
showthat driversmakelargerspeedadjustmentsvherethe transitionalsituationis
clearlyof a functionalnature that is to say wherethe needto adjustthe speedof
theirvehicleis sufficientlyd o b v itodhens 6
i Formalnotificationof a transitionalsituation (signing)is not sufficientto induce
appropriatespeedbehaviourif it doesnot correspondo the wayin whichthe driver
perceivesandcategoriseshesituation

i Obviousdiscrepanciebetweerthe structuralelementf the road environmenand
thespeedimitsin forcereinforceinappropriatelrivingbehaviour

This suggeststhat it is importantfor road designerseither to highlight the
transitionalsituation visually or to incorporatestructural constraintsthat clearly
identifyit asa changen relationto theprevioussituation

Farida Saad

Synthesis
Studiesexaminingthe contributionof legal speedlimits to speedbehaviourshow
thatdriversdo notusuallycomplystrictly withspeedimits.

Driversexceedspeedimitsto varyingextents dependingnthe drivingcontextand
theirowncharacteristics

Dr i vaditudesto speedlimits, the importancethey attachto compliancewith
localtraffic conditions,as well as their representationsf the speedsof otherroad
users,alsoaccountor thediversityof speedadjustmentsnadeby drivers

Farida Saad
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Part played by infrastructure
factors in accident processes

A 1.1 in the normal traffic situation
A1.2 in the pre-crash situation
A1.3 in the emergency situation
A 1.4 in the crash situation

BREAKING CRASH
POINT SITUATION

—
NORMAL EMERGENCY POST-CRASH
DRIVING SITUATION SITUATION

A Road alignment

- horizontal (bends)

- Vertical (slopes)

A Road or lane width

A Shoulder surface and width
A Road surface

A Road environment

A Lateral obstacles

A Signing

A Central and lateral markings
A Junction design

D.A. I
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FIGURE 6 : EXAMPLE OF VEHICLE MOVEMENT CODES USED IN NEW ZEALAND

.1 in the normal traffic situation

,Otzz.f.xuim'n

sl - i =

A The 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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A The road features must help drivers
- To exert this control adequately
- To foresee any hazard that may occur

Howtheroadinfrastructureeouldsupportd r i \adivitys &
AR P o sgiuti i dv@diermrallcunenfeld,986
AR Roraeda d g\azetDubbigindFleury1987
AR S-expldining o a(@hsediwesndGodthel,995

What is the speed limit ?

Farida Saad

22



23-01-2018

Farida Saad

Douala-Yaoundé (Cameroun)
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|.2 in the pre-crash situation

A The 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

23-01-2018
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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
upstreanofthechange

i Forexamplewhenthedrivercannotanticipatehe presenceof a
sharpbendandmomentarilyosescontrolof thevehicle,

i orwhenthedriverdoesnot expectto comeacrosstraffic lights
andhasto makea suddenstop.

Thesecriticalvariationsareoftenrelatedto "coherency'problemsn the
sequencingf differenttypesof roadenvironmen(Fleury,1988.

Farida Saad

Managing changes in road situations

For instance,some researchshows that when crossing intersections,
driversmaytaketimeto becomeawareof conflictswith otherdrivers,or
displaya certaininertiain the regulatingactionstheytake(Monseuand
Malaterre1969 Saadetal., 1990.

Factorsassociatedwith the featuresof the road environmen(disparity
between the functional characteristicsof an intersection and the
regulationggoverningt, or the visualaspectof the intersection)as well
asfactorsrelatedto drivercharacteristic§generakxperiencer specific
experienceof the site), have beenidentified as the causesof these
problems

Farida Saad
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In a curve

A Putting in specific chevron signs as well as
markings are cost effective
countermeasures

AIf larger financial means are available, it is
recommanded to flatten the curve
(increase the radius)

Exemples
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Selfexplaining roads ? By X. Cocu

No heamest

S Wty SLOW mak Curvobend wamiag tige, SLOW markags. Cureelens aoming sgn. SLOW morkings,
?f:.:;ﬂw!‘ 2 i cheston sign and cokourec] surface cheroon sgn, colowed suriscs snd VAS

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
i the application of contradictory systems of rules by the different
participants in a situation,
T the lack of communication between users,
T or afailure to understand another driver's hehaviour or
intentions.

Farida Saad
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1.3 In the emergency situation

A The road must « forgive »

A In 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

A Accident rates decrease with increases in
lane and shoulder width

A Optimal carriageway and shoulder width
depends upon traffic volumes and road
alignment

28
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1.4 In the crash situation

A The trajectory may end by:
- a lateral or frontal collision with obstacles
- arollover

A Through 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)

23-01-2018
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