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* The relevant difficulty factor reflects how much an older driver

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ineffective education and training, outdated guidelines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.

METHODOLOGY

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

* Adriving 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.

can draw on their prior experience to

intersection/interchange.
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* Challenges increase as information load rises, clarity decreases,

and available time to act becomes limited.
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* 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.

|| 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.
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* 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.

SELECTED REFERENCES

Li Y, Chen B, Zhao X, Zhu H, Guo W, et al. (2025) A study on driving behavior
characteristics and influencing factors of older drivers at signal-controlled and
unsignalised intersections. PLOS ONE 20(6): €0326696.

Fuller, R., 2005. Towards a general theory of driver behaviour. Accident Analysis &
Prevention, Vol. 37, Is. 3, 461-472.

Davidse (2007). Assisting the older driver: Intersection design and in-car devices to
improve the safety of the older driver on). Univ. of Groningen, The Netherlands.



