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Abstract: Driver distraction is known to be a potential risk factor for traffic safety. Previous studies have shown that
increased cognitive load can affect many driving outcomes, and lab-based studies have commonly used the detection-
response task (DRT) to quantify the level of cognitive load from in-vehicle systems during driving. The aim of the present
study is to examine the effects of varying levels of cognitive distraction (two levels of n-back task) on performance in the
detection-response task, in day- and night-time driving conditions. A total of 60 drivers (30 younger: 21-25 years, and
older: 60-75 years old) are recruited for this driving simulator study, which is conducted as part of the EPSRC-funded
HAROLD (HAzards, ROad Lighting and Driving) project. Response time and hit rate data for the DRT, the percentage
of correct responses for the n-back task, as well as lateral and longitudinal vehicle metrics are collected, to understand
how different lighting conditions affect stimulus detection, and how this is affected by engagement in a demanding
cognitive distraction task. Results will be discussed in terms of the implications of such non-visually distracting tasks on
driving performance, and road safety. The ultimate aim of the project is to understand how/if pedestrian detection at night
is affected by driver engagement in cognitively demanding, non-visual, tasks, to contribute to state of the art on distraction

and lighting research, together with policy and countermeasure development.

1. Introduction

1.1 Driver Distraction

Despite a continued and sustained effort to prevent the
adverse effects of distraction while driving in recent years,
distracted driving still appears to be a critical contributor to
crash involvement (e.g. Lym & Chen, 2021; Olsson et al.,
2020), perhaps due to the plethora of activities now possible
on our mobile devices in the vehicle, as well as the general
pressures of life, taking our minds off the main driving task.
During the past 20 years, numerous studies have examined
the effects of engagement in distracting vehicle-based
activities on driving performance, such as how they divert our
attention away from the driving task, and increase our brake
response, and crash involvement (e.g. Li et al., 2019;
Papantoniou et al., 2017).

Such distracting activities can be broadly categorised
into those that require visual, visual-manual, auditory, and
cognitive resources, or a combination of the above (NHTSA,
2010; Ranney et al., 2000). “Cognitive distraction”, which is
associated with increased cognitive activity, includes
thinking about something other than driving, taking attention
and mind off the road (NHTSA, 2010). One lab-based task
that has been used extensively to study the effect of cognitive
distraction on driving performance, is the n-back task (Mehler
et al., 2011; Stojmenova & Sodnik, 2018). Increased n-back
difficulty is associated with increased cognitive load
(Cegovnik et al., 2018), and a reliable measure for studying
the effects of varying levels of cognitive load on driving
outcomes (von Janczewski et al., 2021).

1.2 Night-Time Driving
The time of day is an important factor that might
directly or indirectly affect driving outcomes through
environmental factors such as visibility (Wood, 2020), and

exposure to different levels of risk (Akerstedt et al., 2001).
Driving at night is perceived to be riskier and more difficult
compared to daytime driving, due to decreased visibility of
the environment (Evans et al., 2020), as well as the likelihood
of driving while sleepy (Chipman & Jin, 2009). In the UK,
night-time driving is shown to be particularly problematic for
young and middle-aged drivers, with a higher proportion of
accidents with fatal injuries occurring at night, when
compared to day-time driving (Regev et al., 2018).

1.3 Aim of the Present Study

The detection-response task is a standard
measurement adopted by the International Organization for
Standardization (ISO 17488:2016) to determine the
attentional demands due to the cognitive load of a secondary
task (ISO, 2016; Stojmenova & Sodnik, 2018). Changes in
cognitive load can be assessed with DRT performance, in
terms of both response time and hit rate (ISO, 2016). Drivers’
DRT performance is known to be affected by engagement in
secondary tasks (Bowden et al., 2019), and influenced by
driver- and environment-related factors (e.g. Engstrom et al.,
2005; van Winsum, 2018). However, to the best of our
knowledge, very little research is done on how the detection
of objects in the driving scene is affected by different lighting
conditions. In light of this research gap, the present study
focuses on how young and older drivers’ DRT is affected by
a cognitive distraction task, and whether different lighting
conditions influence this performance.

2. Method

2.1 Participants

The data collection for this study is currently
underway. A total of 60 drivers are signed up for participation,
with the sample being equally distributed across two age
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groups: young drivers (21-25 years old), and older drivers
(60-75 years old). Gender is also balanced for each age group.

2.2 Materials and Tasks

Driving environment and lighting level: The study will
be conducted in the University of Leeds Driving Simulator
(UoLDS). The scenario contains a two-lane, contraflow, rural
road, with a 60 mph speed limit, consisting of straight and
curved road sections. The lighting of the driving simulator
environment is presented at two levels (daylight and night-
time).

The n-back task: An auditory version of the n-back
task, first used Mehler et al., (2011), will be used to provide
two levels of difficulty in cognitive distraction: 1-back
(repeating the digit one before) and 2-back (repeating the
digit two before) the last digit heard. Participants will be
required to respond to an auditory stimulus, presented via the
driving simulator speakers, and response is provided verbally,
and recorded by the experimenter, and via a voice recorder.
Each trial will include a set of randomly generated ten digits.
The percentage of correct responses to the task will be used
as an indication of n-back performance.

Detection-response task: The effect of the n-back task
on cognitive load will be examined by using the visual DRT.
Each trial will include the presentation of a red circle with a
visual angle of about 1°, presented in the driving scene, at a
horizontal angle of 11° to 23°, and a vertical angle of 2° to 4°
above the horizon, on either the right or left side of the road
used for the driving environment. Based on the ISO
recommendations, these visual stimuli will be presented at a
random rate of every three to five seconds. Participants will
be asked to respond to the stimuli as quickly and accurately
as possible by pressing a micro-switch button, which will be
attached to the index finger of their dominant hand, against
the steering wheel. Response time and hit rate will be
calculated to evaluate performance (ISO, 2016).

2.3 Procedure

The study is approved by the ethics committee of the
School of Business, Environment and Social Services,
University of Leeds (AREA 21-108). After receiving
informed consent and instructions, participants will first
complete a practice drive, followed by practicing both the n-
back and DRT, separately. They will then complete practice
of driving with the n-back task, driving with the DRT, and
driving with the n-back and DRT together. Following this
practice drive, participants will complete two experimental
drives, which will be exactly the same as the practice drive,
and identical in terms of road geometry and presentation of
the non-driving related tasks, but counterbalanced across
participants, in terms of night- and day-time driving
environment. Each of the non-driving related tasks are
programmed to start in the straight sections of the road, and
last around 30 seconds each. The total experiment duration,
including familiarisation, briefing and subjective feedback
takes approximately 60 minutes to complete, and participants
will be compensated £20 for taking part in the study.

3. Results

Data collection is currently underway and results will
be reported in the next version of this paper. Response time
and the number of hits and misses to the DRT will be

calculated for the free (baseline) driving sessions with no n-
back task, and compared to sections which require
performance of the 1- and 2-back tasks. The effect of lighting
conditions on detection of the stimuli will be studied and
response from older and younger drivers will be compared,
using mixed model ANOVAs.

4. Discussion

The findings of this study will be discussed, and the
potential implications on road safety research and design
practices will be outlined. The implications of these results
on detection of pedestrians at night by distracted drivers will
also be considered.

5. Acknowledgments

The HAROLD project (HAzards, ROad Lighting and
Driving) was supported by the Engineering and Physical
Sciences Research Council (EPSRC: EP/S003576/1). We
would like to thank Anthony Horrobin for developing the
driving simulator scenarios, and implementing the DRT and
n-back tasks.

References

Akerstedt, T., Kecklund, G., & Hoérte, L. G. (2001).
Night driving, season, and the risk of highway
accidents. Sleep, 24(4), 401-406.
https://doi.org/10.1093/sleep/24.4.401

Bowden, V. K., Loft, S., Wilson, M. D., Howard, J.,
& Visser, T. A. (2019). The long road home from distraction:
Investigating the time-course of distraction recovery in
driving. Accident Analysis & Prevention, 124, 23-32.
https://doi.org/10.1016/j.aap.2018.12.012

Cegovnik, T., Stojmenova, K., Jakus, G., & Sodnik, J.
(2018). An analysis of the suitability of a low-cost eye tracker
for assessing the cognitive load of drivers. Applied
Ergonomics, 68, 1-11.
https://doi.org/10.1016/j.apergo.2017.10.011

Chipman, M., & Jin, Y. L. (2009). Drowsy drivers:
The effect of light and circadian rhythm on crash
occurrence. Safety Science, 47(10), 1364-1370.
https://doi.org/10.1016/j.ss¢i.2009.03.005

Engstrém, J., Johansson, E., & Ostlund, J. (2005).
Effects of visual and cognitive load in real and simulated
motorway driving. Transportation Research Part F: Traffic
Psychology and Behaviour, 8(2), 97-120.
https://doi.org/10.1016/j.trf.2005.04.012

Evans, T., Stuckey, R., & Macdonald, W. (2020).
Young drivers’ perceptions of risk and difficulty: Day versus
night. Accident Analysis & Prevention, 147, 105753.
https://doi.org/10.1016/j.aap.2020.105753

International Organisation for Standardisation (ISO)
(2016). ISO 17488:2016 — Road vehicles - Transport
information and control systems - Detection-response task
(DRT) for assessing attentional effects of cognitive load in
driving. International Organization for Standardization.
https://www.iso.org/standard/59887.html

Li, X., Oviedo-Trespalacios, O., Rakotonirainy, A., &
Yan, X. (2019). Collision risk management of cognitively
distracted drivers in a car-following situation. Transportation
Research Part F: Traffic Psychology and Behaviour, 60,
288-298. https://doi.org/10.1016/j.tr£.2018.10.011

58



Lym, Y., & Chen, Z. (2021). Influence of built
environment on the severity of vehicle crashes caused by
distracted driving: A multi-state comparison. Accident
Analysis & Prevention, 150, 105920.
https://doi.org/10.1016/j.aap.2020.105920

Mehler, B., Reimer, B., & Dusek, J.A. (2011). MIT
AgeLab delayed digit recall task (n-back). MIT AgelLab
White Paper Number 2011-3B. Massachusetts Institute of
Technology, Cambridge, MA.
http://web.mit.edu/reimer/www/pdfs/Mehler et al n-back-
white-paper 2011 B.pdf

NHTSA. (2010). Overview of the National Highway
Traffic Safety Administration’s Driver Distraction Program.
https://one.nhtsa.gov/staticfiles/nti/distracted driving/pdf/81
1299.pdf

Olsson, B., Piitz, H., Reitzug, F., & Humphreys, D. K.
(2020). Evaluating the impact of penalising the use of mobile
phones while driving on road traffic fatalities, serious injuries
and mobile phone wuse: a systematic review. Injury
Prevention, 26(4), 378-385.
http://dx.doi.org/10.1136/injuryprev-2019-043619

Papantoniou, P., Papadimitriou, E., & Yannis, G.
(2017). Review of driving performance parameters critical
for distracted driving research. Transportation Research
Procedia, 25, 1796-1805.
https://doi.org/10.1016/j.trpro.2017.05.148

Ranney, T. A., Garrott, W. R., & Goodman, M. J.
(2001). NHTSA driver distraction research: Past, present, and
future (No. 2001-06-0177). SAE Technical Paper.

Regev, S., Rolison, J. J., & Moutari, S. (2018). Crash
risk by driver age, gender, and time of day using a new
exposure methodology. Journal of Safety Research, 66, 131—
140. https://doi.org/10.1016/j.jsr.2018.07.002

Stojmenova, K., & Sodnik, J. (2018). Detection-
response task—uses and limitations. Sensors, 18(2), 594.
https://doi.org/10.3390/s18020594

van Winsum, W. (2018). The effects of cognitive and
visual workload on peripheral detection in the detection
response task. Human Factors, 60(6), 855-869.
https://doi.org/10.1177%2F0018720818776880

von Janczewski, N., Wittmann, J., Engeln, A.,
Baumann, M., & KrauB}, L. (2021). A meta-analysis of the n-
back task while driving and its effects on cognitive
workload. Transportation  Research  Part F: Traffic
Psychology and Behaviour, 76, 269-285.
https://doi.org/10.1016/j.trf.2020.11.014

Wood, J. M. (2020). Nighttime driving: visual,
lighting and visibility challenges. Ophthalmic — and
Physiological Optics, 40(2), 187-201.
https://doi.org/10.1111/0p0.12659

T Sand®d|
=N

DDI2022
GOTHENBURG

59



