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Siting 

According to Reuter-Lorenz (2002), older people show an underactivation of certain brain 

regions which are more active in younger adults when performing certain tasks. Many of these 

brain regions are important for cognitive functioning during driving, such as reaction time 

(Stenneken, Aschersleben, Cole, & Prinz, 2002) and response accuracy or both (Ninio & 

Kahnemn, 1974; Salvia et al., 2016). Depestele et al. (2020) found that older drivers also 

showed a decreased driving performance compared to younger drivers, such as decreased 

lane keeping behaviour and having a less consistent driving speed. During driving, the driver 

is confronted with having to perform different kinds of dual tasks, such as interacting with the 

in-car display and conversing with a passenger or on a cell phone. According to Dragutinovic 

& Twisk (2005), using a phone while driving has a negative impact on driving performance. 

This includes slower braking reaction times, slower reaction times to traffic events, missing 

more traffic events and more risk taking behaviour. They also found that there was not much 

difference between handheld and hands free phone conversations and that the negative 

effect of the dual task was more pronounced in difficult driving situations. According to 

Depestele et al. (2020), both young and older drivers showed a negative impact of dual tasks 

on driving performance, such as lane keeping and steering behaviour. According to the 

National Centre for Statistics and Analysis (2020), performing a dual task while driving was a 

leading cause for crashes. Since the worldwide population is showing an increase in average 

age (World Health Organization, 2015), this part of the population is becoming a larger portion 

of drivers on the road. Due to the cognitive declines in this population, it is important to focus 

on the effects on driving performance for these drivers, more specifically the effects of dual 

tasks. 

This driving study is part of an ongoing research project in the broader domain of brain 

research within the University of Hasselt. The project has the main aim of investigating the 

underlying neural correlates of motor control during driving for older people, which was done 

through recording brain activity with electroencephalography (EEG). Our study focussed 

purely on driving performance as an outcome measure with an added sub research question 

about the subjective workload experienced by the participants. Data of this study was already 

gathered by the start of this master’s thesis. We were able to formulate our own research 

questions and select the corresponding data. 
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Both students were involved in the recruitment of participants and were each present in one 

testing session. This was to get accustomed with the protocol and data acquisition. Both 

students also were able to experience the driving simulator themselves to better understand 

the equipment and driving scenarios. At first we were presented with raw data to determine 

the outcome measures. Due to the complexity of the driving simulator data, processing was 

done by our supervisor who converted the data to more easily usable data ready for import 

to the statistical software. This was also done for the data from the questionnaires and the 

dual task performance. For the academic writing process, our supervisor was also involved 

with giving feedback on the introduction. Furthermore, we got feedback on the content, such 

as the method to use for the statistical analysis. 
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Abstract 
 

Background: Older drivers show higher risk for a deteriorated road safety, since they 

experience more health issues and cognitive declines. Distraction when driving in the young 

population can lead to crashes and is related to their shorter driving experience. Driving is an 

activity that is composed of motor and cognitive dual tasks. The distraction that these tasks 

create, can lead to more safety errors from young to old drivers.  

Objectives: The objective of this study was to investigate the effect of dual tasks on driving 

performance and subjective workload between three age groups.  

Participants: In total, 81 participants (27 young range 25-35y, 25 middle-aged range 50-60y 

and 29 old aged 65+y) were assessed in a driving simulator when performing a motor dual 

task (pressing the gas pedal) and a cognitive dual task (PASAT).  

Measurements: The primary outcome measure is driving performance, expressed in Standard 

Deviation Lane position, Heading Error, Steering Reversal Rate and Track. The secondary 

outcome measures are the performance of the cognitive and motor dual task and the 

subjective outcome measures, including mental load, physical load, time pressure, 

performance, overall load and frustration.  

Results: The older group showed more deterioration in driving performance compared to the 

middle-aged and young group. Secondly, the older group performed worse on both dual tasks. 

However, no difference was found in driving and not driving. At last, the older group showed 

the highest subjective workload when performing dual tasks compared to the other groups.  

Conclusion: The presence of dual tasks when driving lead to a deteriorating driving 

performance for all ages and they entail a higher subjective workload, especially for the older 

population. In general, motor dual tasks had a more negative influence on driving 

performance compared to cognitive dual tasks.  

Keywords: Driving performance, subjective workload, dual task, cognitive, motor, young, 

middle-aged, old 
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1. Introduction  
Driving a motor vehicle has been integrated as an activity of daily life for adults worldwide. 

Evidence showed that there is engagement in distracting activities in more than 50% of the 

driving duration, which leads to a higher rate of crashes (Dingus et al., 2016). These activities 

consist of e.g., holding a cell phone or interacting with a passenger. They calculated that 36% 

of crashes could be avoided if there were no distractions present (Dingus et al., 2016). McEvoy, 

Stevenson, and Woodward (2007) showed that more than 30% of serious crashes are related 

to the engagement in a dual task while driving. Distraction can be explained as diminished 

attention to the primary task, in this case driving. In Chaparro, Wood, and Carberry (2005), 

multitasking during driving has a significant detrimental effect on driving performance.  

To this day, the current population of older drivers consists of 12-15% of the driving population 

in Western countries and it is still growing fast (Cantin, Lavallière, Simoneau, & Teasdale, 

2009). Older people experience more health issues such as cognitive declines, impaired vision 

and functional limitations, which interferes with their driving abilities (Bhojak et al., 2021). 

This is why they show higher risk for a deteriorated road safety, despite the fact that older 

drivers show lower crash rates compared to younger drivers (Marmeleira, Godinho, & 

Vogelaere, 2009). In Chaparro et al. (2005), the cognitive function of young and older drivers 

was investigated using the Digit Symbol Substitution task (DSS) . This task seems to reflect 

selective attention and speed of information processing, which showed to be the best 

predictor of driving performance with or without the presence of a visual dual task. The 

conclusion was that older people scored significantly worse on cognitive tests in comparison 

to the young participants. This is why the decline in driving performance can be explained by 

cognitive ageing, rather than chronological ageing. Lyon, Brown, Vanlaar, and Robertson 

(2021) showed that for every increase of 10 years in age in drivers, they tend to text 44% less, 

use a handheld phone 38% less and use hands-free phones 28% less, which leads to the lower 

crash rates. Distracting activities during a crash were most reported among the younger 

group, associated their shorter driving experience (McEvoy et al., 2007). 

Driving is an activity which is composed of motor and cognitive dual tasks, e.g. pushing buttons 

and listening to a navigation system. Multiple studies investigated the effect of a dual task on 

driving performance. In one study, dual task interference, which includes distraction from the 

baseline task, was investigated while performing hand tasks including tapping and releasing 
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buttons while driving. The dual task consists of the Stroop task (Periáñez, Lubrini, García-

Gutiérrez, & Ríos-Lago, 2021), which measures the cognitive load. The driving performance 

was expressed in terms of reaction time, which could be used as a parameter to investigate 

dual task interference. The study concluded that the reaction time was significantly lower 

while performing the dual task, which indicated the presence of a higher cognitive load in 

general (Kang, Shin, Yun, Park, & Park, 2018). In Makishita and Matsunaga (2008), reaction 

time increased for all age groups while driving when committing to a mental calculation, and 

increased more remarkably for the older drivers. A higher mental workload could be the cause 

of errors while driving. Cantin et al. (2009) showed that there was a higher mental workload 

at intersections and this increased for more complex driving manoeuvres. This study 

concluded that driving led to a higher mental workload for older drivers, which led to more 

safety errors in comparison to the younger drivers.  

The objective of this study is to investigate the influence of a dual task on driving performance 

for young, middle-aged and older drivers. The effects of dual tasks on the middle-aged group 

have not yet been clearly investigated. In Aksan (2018), a middle-aged group was included. 

They stated that the older group performed significantly worse on the secondary task while 

driving, compared to the middle-aged group. In Karthaus, Wascher, Falkenstein, and 

Getzmann (2020), the middle-aged group showed the same results as the older group in the 

presence of a dual task. Secondly, we want to investigate the differences between a motor 

and a cognitive dual task in all age groups. Liu and Ou (2011) stated that a cognitive dual task, 

e.g. using a hands-free phone during driving, creates a high mental strain and has more 

influence on driving performance for the older group compared to younger. A motor dual task, 

e.g. typing a number on a keypad while driving, could induce slower driving and more 

distraction, compared to driving without dual task (Wechsler et al., 2018). It is not clear 

whether a cognitive task leads to a higher decline in driving performance compared to a motor 

dual task. At last, we want to examine what the difference is in subjective workload while 

performing a dual task during driving. Jackson, Shaw, and Helton (2022) showed a significant 

increase in subjective workload in a dual task condition in general, compared to a single task. 

We hypothesise that dual tasks have a significant influence on driving performance and 

subjective workload, which increases with age.  

 



 

9 
 

2. Methods 

2.1 Participants 

Recruitment was done through word to mouth, leaflets and social media. In total 81 

participants were included in the sample. They were divided into three different age groups: 

27 young drivers (range 25 - 35y), 25 middle-aged drivers (range 50 - 60y) and 29 older drivers 

(65+y). Inclusion criteria were as follows: a) normal cognitive functioning measured as a score 

of 23 or higher on the Montreal Cognitive Assessment questionnaire, b) normal or corrected 

vision according to the Snellen test (>0.3), c) normal hearing or corrected with a hearing aid, 

d) in possession of a valid driver's licence. Participants were excluded for following reasons:  a) 

neurologic or psychiatric disorder, b) physical disability which prevents the participant from 

executing the driving simulator task, c) alcohol or drug addiction, d) currently taking 

medication that has an influence on the central nervous system, e) history of brain damage or 

skull fracture. During the first session, all participants were informed about the requirements 

of the study. They read and signed an informed consent declaration. No participants got 

excluded throughout the course of this study. The study was conducted in compliance with 

the Committee for Medical Ethics of the University of Hasselt (UHasselt, 2022).  

The demographic variables of the participants are listed in table 1. The three age groups 

differed in mean age (p<0.0001), MOCA (p= 0.0263) and weekly mileage (p= 0.0024). Post hoc 

analysis revealed a significantly higher MOCA score in the young group compared to the 

middle-aged group (p= 0.0161) and a significantly higher weekly mileage in the young group 

compared to the middle aged (p= 0.0110) and older group (p= 0.0011). No significant 

difference was found between the sex in all groups. 

2.2 Procedure 

2.2.1 Apparatus  

A driving simulator (Systems of the Technology Interactive Simulator, STISIM) by Systems 

Technology, Inc. (Hawthorne, CA) (Systems Technology, 2020) was used. This simulator 

consists of a steering wheel, pedals and screens to simulate the driving environment. In this 

study, only the middle screen in front of the driver was used. The pedals were not used for 

controlling the driving speed. Instead, only the gas pedal was used to perform the motor dual 

task (DT), which will be explained further. 
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Table 1 

Demographic variables 

 Y (25 – 35y)  MA (50 – 60y) O (65+y)  P-value 

Age M= 27.2 

SD= 2.7 

M= 55.3 

SD= 2.9 

M= 68.8 

SD= 3.0 

P<0.0001 

Sex (m/f) 15/12 10/15 17/12 P=0.3522 

MOCA M= 28.1 

SD= 1.3 

M= 27.2 

SD= 1.3 

M=27.3 

SD= 1.3 

P=0.0263 

Snellen M= 0.94 

SD= 0.12 

M= 0.86 

SD= 0.19 

M=0.75 

SD= 0.26 

/ 

Weekly mileage 

(km) 

M=297.1 

SD= 205.8 

M=184.4 

SD= 182.9 

M= 152.4 

SD= 158.3 

P=0.0024 

Y: Young, MA: Middle-Aged, O: Older 

2.2.2 Study design 

This observational study consisted of two sessions. In the first session, a screening was done 

where the participants completed clinical tests. These included the Snellen chart for visual 

acuity (Azzam D., 2022) and the Montreal Cognitive Assessment (MoCA), which is shown to 

be more sensitive for detecting mild cognitive impairment compared to the often used Mini 

Mental State Examination (Nasreddine et al., 2005). Participants were also asked about their 

weekly mileage. After this, they had to do a five minute drive to get accustomed with the 

driving simulator and were asked for symptoms of simulator sickness through the Simulator 

Sickness Questionnaire (SSQ) (Kennedy, Lane, Berbaum, & Mg, 1993). These include 

symptoms such as nausea, dizziness, eye strain and headache, with nausea being the most 

common symptom linked to drop out of participants (Balk, Bertola, & Inman, 2013; Brooks et 

al., 2010). The second session consisted of a five minute difficulty determination block to 

determine the baseline speed at which the participant could drive comfortably. This was done 

so that the baseline drive (BL) would have an equal difficulty level for all participants. The 

driving speed was regulated by the simulator depending on how well the participant was able 

to keep the car on the road. When the participant would lose control often, the simulator 

would lower the speed the participant was driving at. When the lane keeping was too easy, 
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the speed would go up. After this, participants were checked for simulator sickness. Next, a 

five minute baseline drive was carried out at a constant speed which was 20% lower than the 

speed which was determined in the difficulty determination block. This was to ensure the 

primary lane keeping task was not too difficult. A subjective workload questionnaire and a 

simulator sickness questionnaire were taken. After this, participants had to perform the 

driving task at the same speed as the baseline condition in combination with a cognitive and 

a motor DT. Before starting each DT drive, participants had to perform the DT without driving 

to get familiarised with the task. Each DT drive consisted of two driving blocks of five minutes. 

The order of the DT drives was pseudo-randomized. At the end of each DT drive the subjective 

workload questionnaire was taken. Participants were also checked for simulator sickness after 

finishing both DT drives. 

2.2.3 Driving scenario 

The driving scenario consisted of a simple road with straight sections and curved sections. 

There was no midline or oncoming traffic to minimise distraction. Participants had to perform 

a lane keeping task in which they were instructed to drive in the middle of the road. The road 

was surrounded by grass on which the participant could drive when steering control was lost. 

A sound indicated when the participant went off the road. The width of the road was larger in 

the older group to provide a more equal difficulty level between all age groups. 

2.2.4 Motor dual task 

For the motor DT, two horizontal bars were shown on the screen. One bar was coloured a 

certain amount. The participant was instructed to fill in the other bar to the same amount by 

pressing in the pedal with his foot. By pressing the foot in further, the coloured portion would 

increase. When the coloured portion of the first bar changes, the participant had to adjust the 

pressure of his foot to meet the same amount in the second bar. Accuracy was measured by 

the distance between the asked pressure and the actual pressure given by the participant. 

2.2.5 Cognitive dual task 

The cognitive DT consisted of the Paced Auditory Serial Addition Task (PASAT) (Gronwall, 

1977). A number was shown on the screen for five seconds and had to be memorised by the 

participant. When the first number disappeared, a second number was shown. The participant 
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had to sum up the first and second number and verbally communicate the answer to the 

examiner. Whenever a new number was shown, participants had to sum up the previous and 

the new number. The answer was scored as correct, incorrect or missed. 

2.2.6 Primary outcome measures 

The primary outcome measures represent the overall driving performance. These are: 

Standard Deviation of Lateral Position (SDLP), Heading Error (HE), Steering Reversal Rate (SRR) 

and track. The SDLP is the distance in metres between the centre of the vehicle relative to the 

midline of the road. This is a measure to determine the amount of vehicle weaving. HE is 

defined as the angle (degrees) of the vehicle position in relation to the road. The more 

accurate the vehicle follows the curvature of the road, the smaller the HE will be. SRR 

measures the magnitude and rate at which a driver performs steering wheel reversals and is 

quantified in degrees/second. This is a measure for capturing steering corrections and has 

been shown to have a decent sensitivity when performing a cognitive DT while driving 

(Markkula & Engström, 2006). Finally, track is the percentage of distance the driver went off 

the road. 

2.2.7 Secondary outcome measures 

The secondary outcome measures include the performance of the cognitive and motor DT and 

the subjective outcome measures. The cognitive and motor DT performances were measured 

each when driving at a comfortable speed. They were also measured without driving and were 

quantified in percentage. The subjective outcome measures were scored through the NASA 

Task Load Index (NASA-TLI) (Hart & Staveland, 1988). According to Pauzie (1997), this 

assessment tool has been shown to have a good sensitivity and has been used often in driving 

situations, which also include DT conditions. It consists of 6 subscales which evaluate mental 

load, physical load, time pressure, performance, overall load and frustration. These were 

scored on a visual analogue scale, with a higher score meaning higher workload. Mental load 

was described as the amount of thinking, calculating, memorising, etc. that was needed during 

the task. Physical load consisted of activities such as pushing, pulling, turn controlling, etc. For 

the item time pressure, participants were asked how they experienced the pace of the task. 

Performance measured how successful the participants believed they were in accomplishing 

the task. The item overall load asked how much mental and physical labour was required for 
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reaching the performance level indicated earlier. Finally, frustration gauged how much 

irritability, stress, insecurity, etc. was experienced while performing the task. 

2.3 Data analysis 

All primary outcome measures and the motor DT performances were registered by the driving 

simulator operating system. The cognitive DT performances were registered by the examiner 

and the subjective outcome measures were taken via questionnaires. All data was saved to a 

txt-file that was uploaded to JMP® Pro 16.2.0 (LLC, 2022). Analysis was done using mixed 

models with a significance level of ɑ = 0.05. According to Schielzeth et al. (2020), mixed models 

show good robustness that allow it to be used even if the distributional assumptions are not 

met. Post hoc analysis was done using a Student’s t test with Bonferroni correction (ɑ*). 

Differences between groups (Y, M-A, O) and tasks (BL, cognitive DT, motor DT) were analysed. 

For the primary outcome measures differences between the type of road (Curve, No Curve) 

were also analysed. 

Analysis of the demographic characteristics was done through JMP® Pro 16.2.0. The sex was 

analysed with categorical analysis using the Pearson test, since the expected values were ≥5. 

Age, the weekly mileage and data from the MOCA test were analysed using Kruskal-Wallis for 

nonparametric data, since these characteristics were not normally distributed. Significant 

effects were post-hoc analysed with Wilcoxon Each Pair, for which a Bonferroni correction 

was done. For the Snellen test, no further analysis was performed due to the data not being 

normally distributed and having unequal variances. 
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3. Results 
A detailed overview of all p-values can be found in table 1  - 20 in the appendix A. 

3.1 Driving performance 

3.1.1 Standard deviation of lane position 

A significant interaction effect was found between group and task (p< 0.0001), shown in figure 

1. The older group and middle-aged group showed a significantly higher SDLP on the motor 

DT compared to the BL and cognitive DT (p<0.0014). In the young group no significant effects 

were found between tasks (p>0.0014). For the motor DT, the older group had a significantly 

higher SDLP compared to the young and middle-aged group (p<0.0001). For the BL, the older 

group had a significantly higher SDLP compared to the young group (p=0.0007).  

 
 

Figure 1: SDLP (Group*Task) 

 

3.1.2 Heading error 

A significant interaction effect was found between group and task (p<0.0001), shown in figure 

2. The middle aged and older group showed a higher HE while performing the motor DT in 

comparison to BL and the cognitive DT (p<0.0001). While performing the motor DT, the HE of 

the middle-aged group was significantly lower than the older group (p<0.0001) and 

significantly higher than the younger group (p<0.0001). The older group showed a significantly 

higher HE compared to the young group (p<0.0001).These results showed that the HE is 

significantly increasing with age when performing a motor DT. During BL and the cognitive DT, 

the HE was significantly higher in the older group compared to the young group (p<0.0001). 

However, no effect was found in the middle-aged group compared to the young or older group 
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(p>0.0014). In the older group, no difference in HE was found when performing a cognitive DT 

in comparison to BL (p=0.9948). In the young group no effect of HE was found between all 

three driving conditions (p>0.0014). At last, a significant effect of road was observed (figure 

3), with a higher HE in curved road sections compared to straight sections in all age groups 

(p<0.0001).  

     
 

Figure 2: HE (Group*Task)    Figure 3: HE (Road) 

 

3.1.3 SRR  

There was a significant interaction effect between group and road (p=0.0023), shown in figure 

4. The young group had a significantly higher SRR in the curved road sections compared to the 

straight sections (p=0.0019). For the middle aged and older group no significant effects were 

found for the type of road (p=0.7852 and p=0.0039 respectively). In the straight sections the 

older group had a significantly higher SRR than the middle-aged group (p=0.0020), but this 

was not significant compared to the young group (p=0.0447). For the curved road sections 

there were no significant effects found between the groups (p>0.0033). There was also a 

significant interaction effect found between group and task (p=0.0008), shown in figure 5. The 

older group had a significantly higher SRR in the BL compared to the motor DT (p<0.0001). 

They also had a higher SRR in the cognitive DT compared to the BL and motor DT (p<0.0001). 

Both the middle-aged group and young group had a significantly higher SRR in the cognitive 

DT compared to the BL and motor DT (p<0.0001), and no significant differences were found 

between the BL and motor DT (p>0.0014). For the cognitive DT the older group had a 

significantly higher SRR than the middle-aged group (p=0.0008). For both the BL and motor 

DT, no significant differences were found between the age groups (p>0.0014). 



 

16 
 

    
 

Figure 4: SRR (Road*Group)    Figure 5: SRR (Group*Task) 

 

3.1.4 Track 

There was a significant interaction between road and task (p=0.0127) and between group and 

task (p= 0.0002), shown in figures 6 and 7. When driving on a curved road section or on a 

straight road, the motor DT led to a higher track in comparison to BL and the cognitive DT 

(p<0.0001). No significant effect was found between the cognitive DT and BL (p>0.0033). 

During BL and the cognitive DT, driving on curved road sections led to a significantly higher 

track compared to driving on straight roads (p<0.0033). When performing the motor DT, no 

significant effect of road was found (p=0.8360). In all age groups, track was significantly higher 

when performing the motor DT compared to BL and the cognitive DT (p<0.0001). BL compared 

to the cognitive DT led to no significant effect (p>0.0033). During BL and the cognitive DT, no 

significant effect was found between all groups (p<0.0001). In the case of the motor DT, a 

significant effect was found in the younger group compared to the middle-aged (p=0.0002) 

and the older group (p=0.0002). With this DT, no effect was found between the middle-aged 

and the older group (p=0.9366). 
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Figure 6: Track (Road*Task)    Figure 7: Track (Group*Task) 

 

3.2 Dual task performance 

3.2.1 Percentage cognitive 

There was a significant difference found between groups (p=0.0065), shown in figure 8. The 

score on the cognitive DT was significantly lower for the older group compared to the young 

group (p=0.0019). Compared to the middle aged group, no significant difference was found 

(p>0.0167). There was no significant difference found between the DT performance while 

driving and without driving (p=0.1084). 

 

Figure 8: Percentage cognitive (Group) 

3.2.2 Percentage motor 

There was a significant difference found between groups (p=0.0166), shown in figure 9. The 

score on the motor DT was significantly lower for the older group compared to the young 

group (p=0.0043). Compared to the middle-aged group, no significant difference was found 



 

18 
 

(p>0.0167). There was no significant difference found between the DT performance while 

driving and without driving (p=0.4303). 

 

Figure 9: Percentage motor (Group) 

 

3.3 Subjective workload  

 

3.3.1 Mental load 

 
Significant effects were found between tasks (p<0.0001), shown in figure 10. The mental load 

is significantly higher while performing a DT in comparison to BL for all age groups (p<0.0001). 

No difference was found between age groups (p= 0.0793).  

 

Figure 10: Mental load (Task) 

 

3.3.2 Physical load 

Significant effects were found for tasks (p<0.0001) and groups (p= 0.0017), shown in figures 

11 and 12. The physical load is significantly higher in the middle-aged (p=0.0030) and older 

group (p=0.0012) in comparison to the young group. The physical load was higher while 
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performing the motor DT in comparison to the cognitive DT or BL (p< 0.0001). Physical load 

was also significantly higher for the cognitive DT in comparison to BL (p=0.0002).  

     

Figure 11: Physical load (Task)    Figure 12: Physical load (Group) 

3.3.3 Time pressure 

Significant effects were found between groups (p=0.0197) and tasks (p<0.0001), shown in 

figures 13 and 14. Time pressure was significantly higher in the older group while driving in 

comparison to the young group (p=0.0055). There was no difference between the middle-

aged and the other groups (p>0.0167). Time pressure was not different between the motor 

and cognitive DT’s for all age groups (p=0.0226). In comparison to BL, the cognitive or motor 

DT’s showed more time pressure (p<0.0001). 

    

Figure 13: Time pressure (Group)   Figure 14: Time pressure (Task) 

3.3.4 Performance 

Significant effects were found between groups (p=0.0013) and tasks (p<0.0001), shown in 

figures 15 and 16. The younger group had a significantly higher subjective performance 
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compared to the middle-aged (p=0.0004) and older group (p=0.0116). The motor DT scored a 

significantly lower subjective performance compared to the cognitive DT and BL (p<0.0001). 

    

Figure 15: Performance (Group)    Figure 16: Performance (Task) 

3.3.5 Overall load 

Significant effects were found for groups (p=0.0017) and tasks (p<0.0001), shown in figures 17 

and 18. The young group scored a significantly lower overall load compared to the middle-

aged (p=0.0165) and older group (p=0.0005). The BL had a significantly lower overall load 

compared to both the cognitive and motor DT (p<0.0001). 

    

Figure 17: Overall load (Group)    Figure 18: Overall load (Task) 

3.3.6 Frustration 

Significant effects were found for groups (p=0.0025) and tasks (p<0.0001), shown in figures 19 

and 20. The young group showed significantly lower frustration than the middle-aged 

(p=0.0015) and older group (p=0.0047). For the BL, participants experienced less frustration 
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than with the cognitive (p=0.0008) and motor DT (p<0.0001). Participants also experienced 

less frustration for the cognitive DT compared to the motor DT (p=0.0072). 

     

Figure 19: Frustration (Group)    Figure 20: Frustration (Task) 

4. Discussion 
This study was performed to investigate to what extent DT’s cause distraction when driving in 

different age groups. Knowing the effect of DT’s and age on driving performance will help us 

find solutions to drive safer and cause less crashes. The main results of this study show the 

overall effects of age and the presence of DT’s on driving performance. A deterioration in 

driving performance with increasing age was found in driving with and without DT’s. This study 

also measured the performance of the motor and cognitive task without driving. Horrey, 

Lesch, and Garabet (2009) found that for cognitive DT’s (the PASAT and a guessing task), the 

performance of the cognitive task without driving was significantly better than with driving. 

They also found no significant difference between young and older drivers, which is in contrast 

to this study, which found that younger drivers had a significantly better DT performance than 

older drivers. Stojan and Voelcker-Rehage (2021) concluded that every age group is vulnerable 

to DT’s while driving. However, neurocognitive task demands seem to explain the age 

difference. They stated that older drivers may show a higher risk for accidents with the 

presence of visual-motor DT’s when driving (e.g. use of a navigational system), while the 

younger group could be more distracted when talking to a passenger.  

This study investigated the effect of motor and cognitive DT’s on driving performance in three 

age groups. We included the PASAT as the cognitive DT. Thompson et al. also used the PASAT 

during driving, and these results showed lower speed and more safety errors in the older 

group compared to the middle-aged group. Holste, Yasen, Hill, and Christie (2016) explained 
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that when performing a cognitive DT, motor cortex excitability and inhibition both increased. 

A greater inhibition of the motor cortex can explain the experience of motor deficits while 

performing a cognitive DT. These motor deficits were explained by a higher variability in force 

production. This could probably lead to the presence of more safety errors when driving. 

Walker, Eng, and Trick (2021) investigated the effect of three different DT’s in younger drivers. 

They found that all types led to a significant decrease in driving performance, but this effect 

was not equal for all DT’s. They found that for the motor DT’s (texting and putting on a song 

via a touchscreen) led to significantly more decrease in driving performance compared to the 

cognitive DT (having a conversation with a hands free phone). 

In our study we investigated the effects of age and DT’s on the steering reversal rate (SSR), 

and found that on straight roads, older drivers showed a higher score compared to middle-

aged drivers. McLean and Hoffmann (1975) investigated steering reversals as a measure of 

driving performance and difficulty of the steering task. They showed that an increased reversal 

rate can be explained as the difficulty to maintain an acceptable steering accuracy. We 

expected a higher SRR when performing a DT compared to BL. In all groups the cognitive DT 

led to the highest SSR score. However, the older drivers showed a lower SRR score during the 

motor DT condition compared to BL. For the middle-aged and young group no difference was 

found between these conditions. Since there are few studies that used SRR as a driving 

parameter, it is not clear why cognitive DT’s lead to a higher SRR compared to BL and motor 

DT’s. For the other primary outcomes, e.g. SDLP, HE and track, a clear difference between DT’s 

was found. In general, the motor DT led to more distraction compared to the cognitive DT. In 

multiple studies the DT during driving consists of a cognitive DT e.g. Thompson et al. (2012) or 

is composed of a motor and a cognitive component e.g. Karthaus et al. (2020). Since there are 

very few studies that investigate the effect of a purely motor DT on driving performance, 

future research needs to be done to investigate the difference between the effects of 

cognitive and motor DT’s.   

In this study, the participants drove on straight road sections and curves. We expected that 

DT’s would lead to a more deteriorating driving performance when driving on a curve 

compared to a straight road section. Vieira and Larocca (2018) showed that when the drivers 

were distracted, they didn’t recognize the beginning of the curve at the same level as they did 

when they were fully engaged in the driving task. When participants got distracted by a 
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cognitive test, they also drove at higher speed through the curve. When drivers were more 

aware of driving, their driving performance noticeably improved and they noticed the curves 

in advance to slow down. In this study the participants drove at a constant speed, thus they 

couldn’t accelerate when distracted. However, we did find that participants showed a 

deteriorating driving performance in general when driving on curves. 

This study also investigated the effect of DT’s on subjective workload in different age groups. 

Overall, the subjective workload was higher for both DT’s compared to the BL. Horrey et al. 

(2009) found the same results for the cognitive DT’s. They also found no main age effect, which 

is in contrast to the results in this study, which show that overall, younger drivers experienced 

less workload. However, they did find a significant interaction effect showing that younger 

drivers found the PASAT-task more challenging than older drivers. No interaction effect for 

age and task was found in this study. Walker et al. (2021) found that the overall subjective 

driving performance, consisting of items such as distraction, driving challenge, difficulty with 

focus, and driving performance, was significantly more difficult for the two different motor 

DT’s than for the cognitive DT. 

This study shows several strengths. A total of 81 participants were included, which exceeded 

the minimum amount of n=30, which is needed for sufficient power. The participants were 

subdivided in three different age groups. Multiple studies included merely two age groups e.g. 

Chaparro et al. (2005) and Thompson et al. (2012) . Including a third age group led to the 

possibility to investigate the evolution of the driving performance by age more accurately. 

Further, the participants were pseudo-randomised for the DT conditions to avoid a learning 

effect. When driving in a simulator, simulator sickness (SS) is a common symptom, with older 

participants being more susceptible than younger participants (Brooks et al., 2010). Therefore 

participants were informed about the symptoms and these were monitored by the Simulator 

Sickness Questionnaire (SSQ). According to Balk et al. (2013), SS could be prevented by the 

following precautionary measures: screening for migraine headaches, a history of motion 

sickness and pregnancy; keeping a low temperature in the room; giving the participants time 

to slowly adjust to the simulator; and encouraging the participants to express possible feelings 

of discomfort. This study prevented SS by taking the SSQ after every driving task, so that the 

driving session could be stopped once a participant experienced early symptoms. Another 

strength is that a constant driving speed was used to eliminate slowing down as compensatory 
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behaviour. At last, all test administrations were done by the same examiner, which ensured 

all participants were given instructions in the same manner.  

This study also includes some limitations. Firstly, there could be a healthy user bias. Older 

people who can drive well might be more likely to participate in a driving study. Also, a 

majority of the older participants were recruited through social media, which might be a 

medium that is mostly used by older participants with good cognitive function. Furthermore, 

a confounding bias could be present, since not all characteristics are equal. The higher mileage 

of the young group can have a positive effect on their driving performance. Das, 

Ghasemzadeh, and Ahmed (2019) stated that lane keeping performance was better for drivers 

who drove more than 12 000 miles in the last year compared to drivers who drove less than 

12 000 miles. Even though there were significant differences found for the MOCA and no 

statistical analysis was done for the Snellen test, this will have a minimal effect on the outcome 

measures since all participants met the inclusion criteria for these tests. Lastly, when driving 

in a simulator, there is no influence of bad weather or traffic. Additionally, the pedals were 

not used to regulate driving speed but to perform the motor DT. These situations are not 

representative of a real life driving situation. 

A recommendation for future research is to perform this study in a real world environment, 

with the influence of weather and traffic conditions. Furthermore, a different type of motor 

DT can be used that is more representative to real driving, e.g. handling a dashboard. Future 

studies can also include a different type of cognitive DT than the PASAT, e.g. talking to a 

passenger. In Horrey et al. (2009), they compared a guessing DT with the PASAT. This guessing 

task resembles a conversation and leads to a poorer driving performance and more subjective 

workload compared to the PASAT task. Lastly, a fourth age group, such as a younger middle-

aged group, can be included to give a broader view of the start of the decline in driving 

performance. 

5. Conclusion 
This study indicates that age and DT’s have an overall effect on driving performance and 

subjective workload, with a deterioration with age in both outcome measures. A motor DT 

seems to have more effect on driving performance compared to the cognitive DT. Future 
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research should further determine whether a motor DT is more distracting than a cognitive 

DT when driving in all age groups. 
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Appendix  

Appendix A 

Statistics 

Table 1 

SDLP (Group*Task) 

Group Task - Group - Task P-value 

MA BL MA Cognitive DT 0.6465 

MA BL MA Motor DT <0.0001 

MA BL O BL 0.0015 

MA BL Y BL 0.8763 

MA Cognitive DT  MA Motor DT 0.0004 

MA Cognitive DT O Cognitive DT 0.0152 

MA Cognitive DT Y Cognitive DT 0.5588 

MA Motor DT O Motor DT <0.0001 

MA Motor DT Y Motor DT 0.1451 

O BL O Cognitive DT 0.3506 

O BL O Motor DT <0.0001 

O BL Y BL 0.0007 

O Cognitive DT O Motor DT <0.0001 

O Cognitive DT Y Cognitive DT 0.0022 

O Motor DT Y Motor DT <0.0001 

Y BL Y Cognitive DT 0.7704 

Y BL Y Motor DT 0.0692 

Y Cognitive DT Y Motor DT 0.0351 
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Table 2 

HE (Group*Task) 

Group Task -Group -Task P-value 

MA BL MA Cognitive DT 0.6733 

MA BL MA Motor DT <0.0001 

MA BL O BL 0.0240 

MA BL Y BL 0.1072 

MA Cognitive DT MA Motor DT <0.0001 

MA Cognitive DT O Cognitive DT 0.0427 

MA Cognitive DT Y Cognitive DT 0.0539 

MA Motor DT O Motor DT <0.0001 

MA Motor DT Y Motor DT <0.0001 

O BL O Cognitive DT 0.9948 

O BL O Motor DT <0.0001 

O BL Y BL 0.0001 

O Cognitive DT  O Motor DT <0.0001 

O Cognitive DT  Y Cognitive DT <0.0001 

O Motor DT Y Motor DT <0.0001 

Y BL Y Cognitive DT 0.8599 

Y BL Y Motor DT 0.0256 

Y Cognitive DT Y Motor DT 0.0161 
 

Table 3 

HE (Road) 

Road -Road P-value 

Curve No Curve <0.0001 
 

Table 4 

SSR (Road*Group) 

Road Group -Road -Group P-value 

Curve MA Curve O 0.0121 

Curve MA Curve Y 0.0518 

Curve MA No Curve  MA 0.7852 

Curve O Curve Y 0.5709 

Curve O No Curve O 0.0039 

Curve Y No Curve Y 0.0019 

No Curve MA No Curve O 0.0020 

No Curve MA No Curve Y 0.2467 

No Curve O No Curve Y 0.0447 
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Table 5  

SSR (Group*Task) 

Group Task -Group -Task P-value 

MA BL MA Cognitive DT <0.0001 

MA BL MA Motor DT 0.0105 

MA BL O BL 0.0042 

MA BL Y BL 0.1415 

MA Cognitive DT MA Motor DT <0.0001 

MA Cognitive DT O Cognitive DT 0.0008 

MA Cognitive DT Y Cognitive DT 0.2183 

MA Motor DT O Motor DT 0.0444 

MA Motor DT Y Motor DT 0.0624 

O BL O Cognitive DT <0.0001 

O BL O Motor DT <0.0001 

O BL Y BL 0.1486 

O Cognitive DT O Motor DT <0.0001 

O Cognitive DT Y Cognitive DT 0.0270 

O Motor DT Y Motor DT 0.9031 

Y BL Y Cognitive DT <0.0001 

Y BL Y Motor DT 0.1315 

Y Cognitive DT Y Motor DT <0.0001 
 

Table 6 

Track (Road*Task) 

Road Task -Road -Task P-value 

Curve BL Curve Cognitive DT 0.4892 

Curve  BL Curve Motor DT <0.0001 

Curve BL No Curve BL 0.0002 

Curve Cognitive DT Curve Motor DT <0.0001 

Curve Cognitive DT No curve Cognitive DT 0.0027 

Curve Motor DT No Curve Motor DT 0.8360 

No Curve BL No Curve Cognitive DT 0.1573 

No Curve BL No Curve Motor DT <0.0001 

No Curve Cognitive DT No Curve Motor DT <0.0001 
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Table 7 

Track (Group*Task) 

Group Task -Group -Task P-value 

MA BL MA Cognitive DT 0.0141 

MA BL MA Motor DT <0.0001 

MA BL O BL 0.8842 

MA BL Y BL 0.2872 

MA Cognitive DT MA Motor DT <0.0001 

MA Cognitive DT O Cognitive DT 0.4520 

MA Cognitive DT Y Cognitive DT 0.0091 

MA Motor DT O Motor DT 0.9366 

MA Motor DT Y Motor DT 0.0002 

O BL O Cognitive DT 0.4480 

O BL O Motor DT <0.0001 

O BL Y BL 0.2108 

O Cognitive DT O Motor DT <0.0001 

O Cognitive DT Y Cognitive DT 0.0498 

O Motor DT Y Motor DT 0.0002 

Y BL Y Cognitive DT 0.4789 

Y BL Y Motor DT <0.0001 

Y Cognitive DT Y Motor DT <0.0001 
 

Table 8 

Percentage Cognitive (Group) 

Group -Group P-value 

MA O 0.0427 

MA Y 0.2850 

O Y 0.0019 
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Table 9 

Percentage Motor (Group) 

Group -Group P-value 

MA O 0.1660 

MA Y 0.1488 

O Y 0.0043 
 

Table 10 

Mental load (Task) 

Task -Task P-value 

Cognitive DT Motor DT 0.0407 

Cognitive DT BL <0.0001 

Motor DT BL <0.0001 
 

Table 11 

Physical load (Group) 

Group -Group P-value 

MA O 0.8661 

MA Y 0.0030 

O Y 0.0012 
 

Table 12 

Physical load(Task) 

Task -Task P-value 

Cognitive DT Motor DT <0.0001 

Cognitive DT BL 0.0002 

Motor DT BL <0.0001 
 

Table 13 

Time pressure (Group) 

Group -Group P-value 

MA O 0.2904 

MA Y 0.0920 

O Y 0.0055 
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Table 14 

Time pressure (Task) 

Task -Task P-value 

Cognitive DT Motor DT 0.0226 

Cognitive DT BL <0.0001 

Motor DT BL <0.0001 
 

Table 15 

Subjective performance (Group) 

Group -Group P-value 

MA O 0.2172 

MA Y 0.0004 

O Y 0.0116 
 

Table 16 

Subjective performance (Task) 

Task -Task P-value 

Cognitive DT Motor DT <0.0001 

Cognitive DT BL 0.2355 

Motor DT  BL <0.0001 
 

Table 17 

Overall load (Group) 

Group -Group P-value 

MA O 0.2844 

MA Y 0.0165 

O Y 0.0005 
 

Table 18 

Overall load (Task) 

Task -Task P-value 

Cognitive DT Motor DT 0.0498 

Cognitive DT BL <0.0001 

Motor DT BL <0.0001 
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Table 19 

Frustration (Group) 

Group -Group P-value 

MA O 0.6272 

MA Y 0.0015 

O Y 0.0047 
 

Table 20 

Frustration (Task) 

Task -Task P-value 

Cognitive DT Motor DT 0.0072 

Cognitive DT BL 0.0008 

Motor DT BL <0.0001 
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Appendix B 

Verklaring op eer Laura Houtevels 
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Appendix C 

Verklaring op eer Charlotte Dekeyser 
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Appendix D 

Advies promotor Charlotte Dekeyser 
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Appendix E 

Advies promotor Laura Houtevels 
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Appendix F 

Inventarisatieformulier 
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Appendix G 

Screening tools 

Simulator Sickness Questionnaire 
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Snellen test 
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Montreal Cognitive Assessment 
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Subjective workload questionnaire 
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Appendix H 

Beslissingsboom statistiek 
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