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Abstract: Distracted driving is known to contribute to undesirable driving outcomes, including near misses and crashes. 

While the adverse effects of driver distraction are well recognised, the modality of distraction and individual and 

environmental factors also matter. With this in mind, this study explored how age, lighting conditions, a Detection-

Response Task (DRT) and cognitive load affect vehicle control, investigating the effects of steering wheel reversal rate 

(SWRR). A driving simulator study was conducted with 20 younger (MAge = 22.60, SDAge = 1.22) and 17 older (MAge = 

65.82, SDAge = 3.78) drivers. Drivers completed two experimental drives (day-time and night-time), during which they 

were also required to complete the n-back and DRT tasks. The effect of these conditions on SWRR was examined 

separately for both 0.5° and 2.5° reversals. Results show an inverse change in night-time driving for both small and large 

reversal rates, with an increase for older drivers and a decrease for younger drivers compared to day-time driving. In 

addition, cognitive load was associated with fewer large reversals in the absence of DRT, whereas the presence of DRT 

resulted in an increase in both small and large steering reversals. The findings enhance our understanding of how driver 

distraction and other individual and environmental factors affect steering control. 

 

1. Introduction 

Numerous studies (Caird et al., 2018; Lipovac et al., 
2017) have explored the detrimental impacts of driver 
distraction on traffic safety. Driver distraction involves visual, 
manual, auditory, vocal, and cognitive elements, which can 
also be combined (Foley et al., 2013). Markkula and 
Engström (2006) state that visual and cognitive loads (or 
distractions) influence steering through the steering wheel 
reversal rate: cognitive load prompts micro corrections, while 
visual load (e.g., drivers briefly taking eyes off the road) 
results in larger corrections. However, human behaviour in 
driving is influenced by a range of factors, including age 
(Horberry et al., 2006), driving style (Rong et al., 2011), and 
lighting conditions (Wood, 2020). Moreover, the combined 
effects of these factors can further impact driving 
performance.  

Expanding on prior research on secondary task effects 
on SWRR (Kountouriotis et al., 2016) and Öztürk et al.’s 
(2023) findings, this study explores the influence of age, 
lighting, DRT engagement, and cognitive load on SWRR. To 
account for drivers’ individual differences, we employ 
multilevel modelling. 

2. Method 

2.1 Participants and Design 

The study involved 37 participants (20 younger: MAge 
= 22.60, SDAge = 1.22; 17 older: MAge = 65.82, SDAge = 3.78) 
with 10 younger and five older drivers being females. The 
study design was a 3 (cognitive task: no task, 1-back, 2-back) 
x 2 (lighting: day-time, night-time) x 2 (DRT: with DRT, 
without DRT) x 2 (age: younger, older) mixed factors design, 
with age as the only between-participant factor. 

2.2 Cognitive Task 

Participants performed an auditory n-back task 
(Mehler et al., 2011) with two difficulty levels (1-back, 2-
back). In each ~30-second block, participants heard a random 
list of 10 digits at 2.25 s intervals, presented through the car’s 
speakers. Participants repeated the digit before (1 back) or 
two before (2 back) the last one heard. 

2.3 Detection-Response Task 

Following the same procedure as Merat and Jamson 
(2008), a visual DRT measured the effects of a secondary task 
(here, n-back task) on driving performance. Following the 
ISO (2016) guidelines, the stimuli (a red circle) appeared 
randomly on the driving scene, presented every 3–5 seconds, 
remaining on the screen for one second. The circles were 
presented to the left or right of the driving scene at a vertical 
angle of 11° to 23° (from the forward viewpoint of drivers) 
and a horizontal area of 2° to 4° above the horizon. 
Participants were asked to look ahead, as the circles were 
visible in the peripheral vision. They pressed a button on the 
steering wheel as soon as they saw the stimuli. Each DRT 
block matched the n-back block duration (~30 s) and 
contained 7–9 stimuli. 

2.4 Procedure 

The study was approved by the University of Leeds 
ethics committee (AREA 21-108). On arrival, participants 
received information and consent forms. First, participants 
practised the n-back and DRT tasks without driving, followed 
by practising driving in the simulator with a period of DRT 
and DRT plus 2-back task. For the main experiment, 
participants completed two drives with one of the two lighting 
conditions (counterbalanced). Each drive consisted of 
sections of 1-back, 2-back, DRT, DRT plus 1-back, and DRT 
plus 2-back on straight sections of a rural road. Participants 
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received £20 compensation after completing the study (cf. 
Öztürk et al., 2023). 

2.5 Analysis 

SWRR was calculated for 0.5° and 2.5° reversals per 
minute, using Markkula and Engström’s (2006) syntax. The 
0.5° SWRR was conceptualised as small (micro) reversals, 
and 2.5° SWRR as large reversals (Kountouriotis et al., 2016). 
In the models, fixed factors include age group (younger, 
older), lighting (day, night), n-back task (no n-back, 1-back, 
2-back), and DRT (not present, present), with each subject as 
a random effect. MATLAB R2020a was used for the data 
extraction and Jamovi 2.3.28.0 for the analysis. 

3. Results 

3.1 Small Reversals – 0.5° 

Model fit (Log Likelihood) was -4148.4428. The 
model’s explanatory power was notable (conditional R2 = 
0.69 and marginal R2 = 0.05). Significant main effects (see 
Table 1) were observed for lighting (p = .047, with night-time 
diminishing micro-SWRR) and n-back (p < .001, 1-back and 
2-back increasing micro-SWRRs compared to no n-back). 

Significant interactions were found between lighting 
and age (p < .001) as well as DRT and n-back tasks (p < .001). 
Compared to day-time, older drivers showed an increase (p 
= .005), and younger drivers showed a decrease (p < .001) in 
small reversals during night-time (Figure 1). 

When examining the transition from no n-back task to 
the 1-back task under both DRT conditions, the interaction 
differed (Figure 2): in the absence of DRT, there was a 
decrease in micro-SWRR from the no n-back condition to the 
1-back condition (non-significant); while in the presence of 
DRT, SWRR showed a significant increase. Final model’s 
ICC was 67.2%. 
 
 
 
 
 
 

 
 

 

Figure 1: Interaction of lighting and age 

 

Figure 2: Interaction of n-back tasks and DRT 

3.2 Large Reversals – 2.5°  

Model fit was -3168.6467 with conditional R2 = 0.48 
and marginal R2 = 0.04. Significant main effects (see Table 2) 
were observed for n-back (p = .014, 1-back decreasing large 
SWRRs) and DRT (p = .014, presence of DRT increasing 
large SWRRs). 

 

Table 1: Multilevel model predicting small reversals 
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Again, interactions were found between lighting and 

age (p = .001) as well as DRT and n-back tasks (p < .001). As 
with small reversals, night-time increased large reversals for 
older drivers and decreased them for younger drivers (Figure 
3). The interaction (Figure 4) between n-back tasks and DRT 
was similar to that in the small reversals model. Final model’s 
ICC was 45.9%. 
 

 

Figure 3: Interaction of lighting and age 

 

 

Figure 4: Interaction of n-back tasks and DRT 

4. Discussion 

This study investigated the effect of a number of human and 
environmental factors on SWRR. Without DRT, small 
reversals were at about the same level with increased 
cognitive load, but there was a significant reduction in large 
reversals for both the 1-back and 2-back conditions. Also, in 
line with Kountouriotis et al. (2016), SWRRs increased with 
cognitive load. For example, the increase in 2-back 
(compared to 1-back) might reflect the change with the 
increased task difficulty. 

Furthermore, similar to Kountouriotis et al. (2016), 
larger steering wheel reversals were observed with DRT, a 
visual task. Despite instructions advising ‘not to look (search) 
for the visual stimuli’, the presence of the peripheral task 
resulted in drivers making more large reversals than when 
driving without DRT.   

The presence of a visual task had a strong effect on 
large SWRRs, effectively counteracting the reduction in large 
reversals due to increased cognitive load. The DRT effect 
aligns with the Active Gaze Model (Wilkie et al., 2008), 
indicating that tasks diverting eyes from the road centre may 
result in an increase in larger steering reversals. 

Previous research indicates that individual differences 
affect in-car glance durations (Broström et al., 2013; 2016; 
Grahn et al., 2023) and occlusion times (Grahn & Taipalus, 
2021; Grahn et al., 2023). Here, high ICC values indicate that 
SWRR variability also arises from individual differences 
rather than random variation within subjects.  

5. Conclusions 

SWRR appears to be sensitive to individual and 
environmental factors as well as to different levels of 
cognitive load. Furthermore, the effect of visual and cognitive 
tasks on SWRR varies and warrants further investigation. The 
models also showed a large effect of individual variability in 
SWRR. Finally, the findings have implications for the 
relationship between driver distraction and driver behaviour. 
The change in the reversal rate of younger and older drivers 
during night-time driving is particularly important for road 

Table 2: Model predicting large reversals 
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safety to understand differences in behavioural adaptation to 
reduced visibility during night-time driving. 
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