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INTRODUCTION AND OBJECTIVES

Introduction
• The Safe System approach focuses on the conditions

under which individuals act and seeks to prevent errors
by reinforcing defensive mechanisms. Insufficiencies in
protective mechanisms arise from active failures and
latent conditions, e.g., a weak road safety culture,
ineffective education and training, outdated guidelines
for road design, construction, and operation.

• Despite the increasing uptake of vehicle technologies
and prospective technological advances, the need
remains for designs that enable road users to act as
safely as possible by minimising the potential for error.

• Ageing increases vulnerability, making current road
environments, especially speed conditions, insufficient
for older drivers’ functional changes.

• Intersections and interchanges are high demand zones
where function-oriented design can ease merging/lane
change difficulties for older drivers.

Objectives
• The study connects older drivers’ functional limitations 

with intersection related driving difficulties. 
• Using a human factors approach the study reveals how 

ageing affects performance and how design can 
mitigate these effects.

• The mapping provides an initial framework for function-
oriented design. 

ANALYTICAL APPROACH

• Mapping limitations to task difficulty factors guided
design needs for intersections and interchanges.

• Reduce complexity, lower speeds, and use self
explaining, forgiving design to support older drivers

• Speed management is essential; SER uses physical and
perceptual cues to lower speeds.

• Target speeds must align with context, with design
guiding drivers to adopt them naturally.

• Older drivers need more time; clear sight lines and
Decision Sight Distance are critical.

• Speed, expectations, and attention shape hazard
detection before the hazard is visible.

• Standard models miss these pre-event cognitive factors.
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Assistance neededDesign element Difficulty factorsFunctional limitations 

Simplification of 
manoeuvre
Unobstructed view to 
other users/traffic (for 
merging)
Direct attention to 
information on signs and 
markings to facilitate lane 
change 

Parallel acceleration lane
Design of signs and 
markings 

Number of decisions
Quality of information
Time pressure

Entering manoeuvre
Visual acuity
Contrast sensitivity and 
motion perception Ability 
to estimate other vehicles’ 
speed 
Decision time Information 
processing speed 
Peripheral vision 
Flexibility of head and 
neck 

Fixed lighting to direct 
attention to other road 
users and design elements 
and to prevent glare

Improved lighting Quality of information

Entering and exiting 
manoeuvres at night 
Visual acuity information 
processing
Colour sensitivity
Peripheral vision
Sensitivity to glare

Direct attention to relevant 
information and design 
elements 

Design of signs and 
markingsQuality of information

Exiting manoeuvre
Visual acuity
Contrast sensitivity 
Coloured vision

Provide advance and 
repeated information on 
signs to prepare for the 
upcoming traffic situation 
(time)
Direct attention to relevant 
information and design 
elements

Advance multiple warning 
signs in advance of 
interchanges 
Design of freeway signs 
(letter height, contrast 
sensitivity)
Placement of signs (to 
warn in advance and 
confirm) 

Quality of information
Quantity of information. 
Number of decisions
Time pressure

Approaching exit and 
entry ramps (freeway)
Visual acuity, contrast 
sensitivity, selective and 
divided attention
Divided attention, 
selective attention
Speed of information 
processing 
Working memory

Provide early information 
on wrong-way driving 
Direct attention to relevant 
information and design 
elements to prevent 
wrong-way movement
Discourage wrong entry
Reduce confusion

Wrong-way signs and 
enhanced road markings 
(arrows) at exit ramps 
Design of signs and 
markings for wrong-way 
driving at exit ramps with 
high visual contrast 
Improved lighting
Intersection geometry

Quality of information
Quantity of information. 
Time pressure

Wrong way movement
Cross road approach to an 
exit ramp (wrong way 
movement entering the 
exit ramp) 
Visual acuity, contrast 
sensitivity, selective and 
divided attention
Information processing 

CONCLUSIONS

• This study created a structured mapping linking older
drivers’ functional limitations to task difficulty factors,
driving challenges, and design-based support.

• Grounded in human factors research, it highlights how
ageing affects performance and how appropriate design
measures can mitigate these effects.

• The framework is preliminary and should be expanded
to include additional tasks and design elements for
more inclusive practice.

• The methodology can support road safety audits and
Safe System implementation by revealing latent
weaknesses and aligning design with older drivers’
needs.

• The study points to the barriers in the mobility
environment and ways to mitigate them and supports
the broader goals of COST Action CA23101 “Building
Opportunities for Participation and Accessibility
through Lifelong Community Mobility” (BOPALiM)
objectives: fostering social participation by supporting
older adults’ safe and independent mobility.

• Professional learning, cross-sector collaboration, and
experience-sharing underpin safer and more inclusive
road systems for an ageing population.

• Empirical confirmation to guide context-specific
recommendations for optimised design elements.

• Link predicted behaviours to observable performance
patterns that reflect how human factors elements
interact with the driving task in complex environments

• Metrics (e.g., head-turn frequency, reaction time to
hazards) linked to the data from naturalistic studies or
simulator studies.
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Assistance neededDesign element Difficulty factorsFunctional limitations  

Clear sight triangles
Removing visual 
obstacles to provide a 
clear view of traffic and 
other road users in the 
driver’s blind spot 

Limited sight distance at 
intersections
Intersection angle

Quality of informationPeripheral vision; 
Flexibility of head and 
neck

Illumination to attract 
attention to other road 
users and design 
elements, and prevent 
glare.
Fixed lighting to prevent 
glare 

Improved lighting
Traffic signals design 
(anti-glare background)

Quality of information Night-time visual acuity 
and sensitivity to glare 

Assistance for turning left 
Draw attention to other 
road users’ presence and 
speed and to information 
(signs, markings, traffic 
signals of high visual 
contrast) 

Layout-Separate turning 
paths for left turns with 
lane control signs 
Contrast of pavement 
markings.
Design of signs and 
signals (letter size, visual 
contrast)

Quality of information Contrast sensitivity and 
motion perception 

Signing and visual 
displays with colour 
contrast 

Design of signs and 
signals 

Quality of informationColour vision

Provide early information 
to prepare for the 
upcoming traffic 
situation.
Decision time

Intersection type
(roundabout favourable) 
Traffic signals (conflict 
free turns) 

Number of decisionsDivided attention

Direct attention to 
relevant information 

Placement of signsQuantity of information 
(signs, lanes, pedestrian 
crossings)

Selective attention

Adequate sight distances 
(approach; intersection 
sight distance; particular 
considerations for left 
turns on the main road)
Provide early information 
to prepare for the 
upcoming traffic 
situation
Unobstructed view to 
oncoming traffic 
Time to decide 

Intersection angle 
Lane control signs
Intersection type 
Roundabout (favourable: 
fewer decisions and 
conflict points, 
predictable paths, lower 
speeds)
Aligned with typical 
layouts 
Placement of traffic signs
Markings
Improved lighting -night 
visibility
Positive offset
Traffic signals 
(time separation of 
movements)

Time pressure
(processing large 
amounts of information 
frequently 
(“simultaneously”)

Speed of information 
processing 
Divided attention, 
decision-making under 
time pressure 
Expectancies
Left turn, no traffic 
signals 
Left turn with traffic 
signals 

• The analysis applies a human factors lens and the Task
Capability Interface (TCI) model to reveal how task
demands at intersections can exceed older drivers’
functional abilities.

• A driving task analysis highlights the mismatch between
road feature design and user capabilities, guiding the
methodological approach outlined in the following
subsections.

The human factors approach
• Older drivers’ visual, cognitive, and physical declines

raise workload and error risk, prompting compensatory
behaviors.

• Errors arise from user–vehicle–infrastructure interaction;
high-demand, poorly designed environments heighten
risk for older drivers.

• Understanding these limitations guides targeted design
changes that better support older drivers.

The task-difficulty homeostasis model
• Older drivers struggle when uncertainty or complexity

raises information demands beyond their processing
speed. Crash risk increases when task demands exceed
capabilities; compensatory behaviors cannot always
offset age related declines.

Task analysis
• The analysis involved decomposing the manoeuvres into

a sequence of discrete subtasks -activities that drivers
have to perform-, each defined by distinct information-
processing requirements.

• Behavioral focus on position control, visual search,
speed regulation, communication.

METHODOLOGY

Intersections: Linking Functional limitations, Demands, and Support

• The relevant difficulty factor reflects how much an older driver
can draw on their prior experience to negotiate an
intersection/interchange.

• Challenges increase as information load rises, clarity decreases,
and available time to act becomes limited.

Interchanges: Linking Functional limitations, Demands, and Support

RESULTS AND DISCUSSION
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