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Context 
 

Technology never stops growing. The rapid advancement of mobile phones and even cars are 

the subject of technology as more and more in-vehicle activities are added to their interior. 

Infotainment in cars is becoming more advanced and requires more knowledge and attention. 

These distractions require a certain amount of mental resources. When more mental 

resources are needed, concentration on the road diminishes, which is in line with safety 

concerns. Car crashes or other forms of accidents are the results of reduced awareness of the 

surroundings during driving. To mimic these conditions, technological simulations can be used 

to map the patient's awareness and attention, such as the system technology incorporated 

simulator (STISIM). In this research paper, we want to investigate the results of the STISIM 

conducted at the University of Hasselt. This paper is part of a research project led by the 

Institute of mobility (IMOB) and rehabilitation research center (REVAL). The authors of this 

master thesis are part of the University of Hasselt. 

 

The authors of this paper had no part in the design and usage of the test. Our primary 

assignment was the statistical analysis and the reporting of the received data in a scientific 

paper format. This report was entirely written by ourselves, with feedback from our co-

promotor, Siel Depestele, supervised by prof. Dr. Raf Meesen. 
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1. Abstract 

 

Background: Inattention to the road is one of the main contributors to crash risk. A 

popular distraction nowadays is mobile phone use while driving. Also, the continuous 

addition of technology and infotainment in vehicles is a never-ending cycle. Despite being 

user-friendly, these innovations do bring some safety concerns with them and could 

contribute to inattention to the road.  

Objective: The purpose of this study was to investigate the influence of a cognitive dual-

task on the driving performance of young adults. 

Participants: 12 young active drivers (25-35 years of age), in possession of a valid driver's 

license, enrolled in this study. Participants were recruited in collaboration with the 

Rehabilitation Research Centre (REVAL) and the Institute Of Mobility (IMOB) of Hasselt 

University. 

Measurements: Outcome measures were the percentage of time spent out of lane 

(%OOL) and the Total Road Edge Excursions (TREE). The subjective workload after each 

task was also included. 

Results: No significant difference was found in %OOL and TREE. Furthermore, age and 

driving frequency both had no significant effect either. Cognitive dual-tasking seems to 

have an impact on the subjective workload.  

Conclusion: According to this study, no effects of a cognitive dual-task were found on the 

driving performance of young adults in a driving simulator. The study also indicated no 

influence of gender or frequency of driving on the outcome measures. However, these 

results should be interpreted with caution due to the small sample size and other 

limitations. Future research about this subject is required. 

Keywords: Driving performance, cognitive dual-task, young adults, driving simulator  
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2. Introduction  

 

Today, with the addition of more and more possible in-vehicle activities, such as embedded 

and portable devices and technologies, the driver's driving task might have become more 

difficult. While these devices could bring better productivity, they can also detract attention 

from the driver which can be a safety concern. Multiple previous studies suggest that driver 

distraction and inattention contribute to a significant percentage of crashes and near misses 

(Klauer et al., 2005, Ranney et al., 2000, Sussman et al., 1985). McEvoy et al. (2007), revealed 

that, according to estimates, over 30% of serious crashes are associated with the driver’s 

engagement in some sort of secondary task (McEvoy et al., 2007). Some estimates say that 

drivers engage in potentially distracting secondary tasks approximately 30% of the time their 

vehicles are in motion. Conversation with passengers is the most frequent secondary task 

followed by eating, smoking, manipulating controls, reaching inside the car, and mobile phone 

use (Thomas AR, 2008). These non-driving secondary tasks cause extra load that delays the 

driver's responses (Lee et al., 2009).  

Driver distraction is also increasing due to the fast improvement in mobile phone technology. 

The majority of them being smartphones, which incorporate a touch screen. In comparison to 

older phones, using smartphones while driving appears to further deteriorate performance 

due to an increasing need to look at the screen and the decreased tactile feedback (Crandall 

and Chaparro 2012, Reimer et al. 2012). 

 

With multitasking being more embedded in driving these days, it is essential to understand 

how multitasking affects performance. 

In-vehicle multitask performance depends on multiple factors: resource demands, task 

structure, and attention switching and allocation. These will influence time-sharing 

effectiveness for numerous tasks (Wickens & Hollands, 2000). To meet those task demands, 

a certain amount of mental resources are needed. The amount required for a given task 

depends on the difficulty of the task and the invested effort (Kahneman, 1973). Insufficient 

mental resources can result from multiple or complex tasks and can lead to performance loss 

because structural interferences impair the simultaneous handling of those tasks (Duncan et 

al., 1997). Driving is a highly demanding task structure that requires integrating sensory 

inputs, cognitive processing, and motor execution (Christou et al., 2017).  Several studies have 
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shown that for task structure, more demanding in-vehicle non-visual tasks result in more 

significant performance reduction (Briem and Hedman, 1995, Irwin et al., 2000, McKnight and 

McKnight, 1993, Patten et al., 2004, Rakauskas et al., 2004). 

Attention switching is also a contributing factor that includes both the switching requirement 

and the requirement to prepare and maintain two task sets. Besides that, the cost of task 

switching has relevant structural implications (Koch 2018). 

 

Driving simulators and designed dual-task events are built to study human cognitions under a 

specific driving task. These simulators have been used since the beginning of the 1930s to aid 

researchers in observing driver behavior without endangering the driver. (Eriksson et al., 

2018). In addition, they allow evaluation under well-controlled and repeatable conditions of 

a broader range of simulated driving situations, dangerous or physically threatening situations 

in particular, as well as defining the influence of alcohol, drugs, and fatigue on driving (Lew et 

al. 2005; Reed and Green 1999). The STISIM, a commercially available driving simulator from 

Systems Technology Inc., is a widely used platform for automated driving research. This 

simulator has been validated in the past and used in multiple other studies (Reimer et al., 

2006; Shechtman et al., 2007). 

 

Regarding age, young adult drivers' reliance on electronic devices could contribute to 

multitasks having increased involvement in crashes for this age group. According to Fitch et 

al. (2013), the usage of a mobile phone can take drivers’ eyes off the road for up to 33.1–

71.5% of the time (Fitch et al., 2013).  Another study reported that both hands-free and 

handheld phone conversations are associated with about a 40% increase in reaction times of 

drivers to peripheral traffic events in a simulator (Haque and Washington, 2014). 

 

In this study, we aim to determine the influence of a cognitive dual-task on the driving 

performance of young adults in a driving simulator. 

Besides that, we will address three different hypotheses in this study. Firstly, we hypothesized 

that there is a reduction in driving performance when being subjected to a cognitive dual-task 

while driving. Secondly, we hypothesized that there is an influence of gender on driving 

performance when presented with a cognitive dual-task. In previous studies, they have looked 

at the effects of training on multitasking performance (Karbach, 2009; Berryhill, 2009; 
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Freydier, 2016). So lastly, we hypothesized that the frequency of driving might influence a 

cognitive dual-task. Expecting that the participants who drive more on a daily basis will 

present a better performance when being exposed to a cognitive dual-task. 
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3.Methods 

3.1 Participants 

 

This study includes 12 subjects. Recruitment of the participants was done by persons of the 

research group REVAL from the University of Hasselt through online and active oral 

recruitment. 

 

Participants were included in the study when the following inclusion criteria were met: (1) 

between 25 and 35 years old, (2) achieve a score of more than 23 on the Montreal Cognitive 

Assessment questionnaire (MoCA) (Nasreddine et al. 2005), which indicates normal cognitive 

functioning, (3) have normal, or glasses/lenses corrected vision (confirmed by a Snellenkaart 

(Hetherington, 1954)), (4) have normal, or hearing aid corrected hearing, (5) own a valid 

driver's license, (6) be an active car driver (average 2x/week driving in the last three months) 

(7) do not meet any of the exclusion criteria.   

Possible participants were excluded if they (a) had a neurological or psychiatric condition, (b) 

had a physical limitation that prevents execution of a driving simulator task, (c) had an alcohol 

or drug addiction, (d) were currently using medications that affect the central nervous system, 

(e) had metal implants in the head or neck, (f) had any brain damage or skull fracture in the 

past or (g) experienced simulator sickness. 

3.2 Study design and procedure 

 

In this observational study, all measurements were conducted by two assessors during two 

test sessions, each with a duration of approximately 120 minutes. 

We used an adaptive driving scenario in a driving simulator to measure motor control while 

driving. The STISIM driving simulator used in this study consists of a steering wheel and the 

visuals' surroundings created by one screen. Subjects were placed within the simulator's 

driving seat (Fig. 1), which provided a view of the roadway and dashboard instruments, 

including a speedometer. 

The first session consists of two parts. The subject goes over the informed consent and 

possible questions that can be answered in the first part, followed by a short routine 
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questionnaire about caffeine consumption, amount of sleep, and smoking. Next, the 

Edinburgh Handedness Questionnaire (EHQ) and the MoCA questionnaire are completed. 

Lastly, a brief questionnaire about driving behavior is filled in before the subject undergoes 

an eye test (Snellenkaart). To start part two, the subject gets familiarized with the driving task 

in a 5’ practice session. Then the basic driving task begins and consists of driving three times 

5'. In the first 5', the speed at which the next two are driven is determined. Before and after 

the basic driving test, the subject fills in a subjective workload scale. A simulator sickness 

questionnaire is filled in after both the familiarisation and the basic driving task. 

The second session takes place on another day. To begin the session, the subject must fill in 

the short routine questionnaire like session one. During this session, an EEG cap is placed on 

the head of the participant. This is beyond the scope of this study. Next, they run through a 5' 

basic driving task to determine the baseline speed as in session 1, which is followed by another 

5’ basic driving task with a speed reduction of 20km/h to determine the baseline conditions 

for the dual-task. Hereafter, the subject practices the secondary cognitive task in a 5' trial 

without driving. After that, the cognitive dual-task is started, and the participant performs 

twice a 5' task. A simulator sickness questionnaire and a subjective workload scale are filled 

in after both the baseline and the cognitive dual-task. 

During the adaptive driving scenario, a lane-keeping task is used where the subject has to 

keep the vehicle in the middle of the driving lane. The surroundings consist only of grass on 

both sides of the driving lane and blue sky. In this way, we have no interference of visual 

stimuli that might distract the driver. Two types of curves are used during the scenario, based 

on existing dangerous curves in Belgium, where there have been multiple accidents (Ariën et 

al., 2017). While driving, the gas and brake pedal are not used, and the vehicle operates on 

cruise control at a certain speed. The adaptive scenario manipulates this speed. The vehicle's 

speed is determined by how good the subject's performance is during the primary driving task. 

In case the car is kept ideally in the middle, the speed is increased. If not, the speed decreases. 

This assures that the performance of each subject on the motor steering task is equal between 

the subjects. Because each individual has a specific capacity and level at which they can 

perform a driving task as safely as possible. A specific speed might be an easy task for one 

person but quite challenging for another person. 
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The visual version of the Paced Auditory Serial Addition Task (PASAT) (Gronwall, 1977) is used 

as the cognitive dual-task. During this task, the subject has to add up the last two random 

numbers. The numbers are displayed on the middle screen, and the last digit displayed is 

added to the digit before it (Fig. 2). The oral answer of the subject is recorded and evaluated 

as correct, wrong, or no reaction. 

Fig. 1 Driving simulator                                      Fig. 2 PASAT (cognitive dual-task) 
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3.3 Outcome measures 

  

3.3.1 Primary outcome measure 

 

During the two driving tasks (basic driving task and cognitive dual-task), we measure and 

compare the driving performance of each subject in between the two driving tasks by looking 

at the time of total excursions in percentage (percentage out of lane (%OOL)) and the amount 

of road edge excursions during both tasks (total road edge excursion (TREE)).   

 

3.3.2 Secondary outcome measures  

 

In addition, we will also look at the influence of gender and the frequency of driving on 

subjects driving performance. Another outcome that will be included in the study is the 

comparison of the subjective workload of the basic driving test and the cognitive dual-task. 

We look at subjective mental and physical workload and the subjective effort/exertion of each 

subject. 

3.4 Data analysis  

 

Data analysis was done on the 'SAS JMP' pro 15.2 software where we consider results with 

α<0.05 as statistically significant. Statistical analyses were conducted to determine 

statistically significant differences and similarities for each outcome measure. Mixed models 

were used to investigate the influence of the variables, as fixed effects we used; moment 

(baseline and PASAT), gender (male and female), and frequency of driving (monthly, daily, 

and >3/week) on the percentage of driving out of line (%OOL) and the total road edge 

excursion (TREE) where each participant code is used as a random effect. The interaction of 

gender and driving frequency with the moment was also calculated. Therefore, we made 

multiple comparisons for each variable, and a student's t-test was used with a Bonferroni 

correction, where 0,05 was divided by every possible interaction (0,05/n-tests). This means 

the alpha for the interaction of gender and moment is 0,0083 (0,05/6) and the driving 

frequency and moment is 0,0033 (0,05/15). Paired t-test was used to determine the 
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difference of the subjective workload after the baseline compared to the subjective 

workload after the PASAT. 
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4. Results  
4.1 Participants  

 

Twelve participants were enrolled (5 women, 7 men). The mean age was 27,7 ± 2,5. Besides 

age and gender, we also looked at the participants' MoCa and Snellen score, the number of 

months they have their driver’s licenses, and their driving frequency.  All subject 

characteristics are presented in Table 1. 

 Table 1. Subject characteristics  

 

 

4.2 Outcome measures 

4.2.1 percentage out of lane  

 

The average %OOL of all subjects during the baseline is 7.257% ± 1,787 and 6,916% ± 1.787 

for the cognitive dual-task with an average difference of 0,340% ± 1,535. Our statistical 

analysis has shown that this is not a significant difference between the two driving tasks 

(p=0,8302) shown in table 2.  

In terms of gender, neither male nor female subjects scored significantly better than the other 

on both baseline and the cognitive dual-task (p=0.4587). Male drivers averagely drove 1.852% 

± 2.379 fewer times out of the lane during both tasks.   

Furthermore, the driving frequency (p=0.2839) and the gender (p=0.4587) do not significantly 

influence the amount of time a subject is out of lane, according to the analysis.  

Variable Value  

Gender (M*/F*) 7/5  

Age ± SD (Y*) 27,7 ± 2,5  

MoCa ± SD* 27,8 ± 1,6  

Snelle ± SD 20 ± 0  

Drivers license ± 

SD (month) 
118,1 ± 36,4  

Driving freq 

(month/day/ 

>3/week) 

1/ 9/2  

*M=Male, F=Female, Y=Year, SD= Standard deviation  
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Table 2. Outcome measures %OOL 

 

4.2.2 Total road edge excursions 

 

The average TREE of all subjects during the baseline is 21.022 ± 2.976 times and 19.428 ± 2.976 

times for the cognitive dual-task, with an average difference of 1.594 ± 2.464 times. Our 

statistical analysis has shown that this is not a significant difference between both driving 

tasks (p=0.5357) shown in table 3.  

Gender (p=0.7441) and the driving frequency (p=0.2314) do not significantly influence the 

number of times the subject leaves the road.  

 

Table 3. Outcome measures TREE 

 

 

 

Variable  Prob>F (0,05) 

Moment 
(baseline/pasat) 

0,8302 

Gender 
(male/female) 

0,4587 

Driving freq (month, 
day, >3/week) 

0,2839 

Gender*moment 0,6546 

Driving 
freq*moment 

0,2098 

Variable  Prob>F (0,05) 

Moment 
(baseline/pasat) 

0,5357 

Gender 
(male/female) 

0,7441 

Driving freq 
(month, day, 
>3/week) 

0,2314 

Gender*moment 0,1981 

Driving 
freq*moment 

0,0835 
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4.2.3 Subjective workload  

 

The subjective workload that each subject filled in after each driving session. It showed us 

that, on average, there was an increase of 3.725/10 on the subjective mental workload, an 

increase of just 0.042/10 on the subjective physical workload, and a rise of 2.716/10 on the 

effort the participant experienced after the cognitive dual-task. Both the mental workload and 

the effort showed a significant increase after driving with a cognitive dual-task compared to 

the baseline. 

 
 
Table 4. Outcome measures  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Subjective workload Mean difference Prob>F (0,05)  

Mental workload  3,725 0,0005* 

Physical workload 0,042 0,8576 

Effort 2,717 0,0044* 

Values lower than P<0,05 are significant and are marked with * 
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5. Discussion  
 

 
This study examines the effect of multitasking in simulated car driving on the driving 

performance of young adults. 

 

Some studies have paid significant attention to the impact of cognitive load on driving 

performance. Primarily, these studies have sought to provide explanations for the impact of 

distraction while driving. According to Östlund et al. (2006), cognitive load resulted in reduced 

speed control. Most simulators used for these experiments have high validity and reflect the 

actual driving experiments on the road (Östlund et al., 2006). Briggs et al. (2018) provide the 

readers with several characteristics of the dual-task drivers and why they are more likely to 

cause accidents (Briggs et al., 2018). Such drivers are more likely to rely on their expectations 

rather than reality while on the road. Despite their ability to detect unexpected events on the 

road, their reaction time is generally lower. Research has also established that these 

individuals are less likely to detect peripheral events on the road (Briggs et al., 2018). 

Therefore, regardless of age, dual tasking increases an individual's risk of accidents on the 

road.  

The research primarily focused on a narrow sample population consisting of younger adults 

aged between 25 and 35. This group already has quite the experience on the road and doesn’t 

suffer from the diminishing effects of aging. This would allow for a clear image of the effects 

of a cognitive dual-task on driving performance without the interference of aging or 

inexperienced driving. Therefore, we wanted to investigate the effects on this age group. 

The test outcome could have been different had the study used an older or younger 

population. According to Merat et al. (2005), the elderly population is more likely to be at fault 

when engaged in collisions. As illustrated by the authors, "The cause of the accident is seldom 

due to careless or aggressive behavior but most of the time is due to their inability to handle 

complex traffic situations" (Merat et al., 2005, 4). Therefore, research to assess the influence 

of a cognitive dual-task on older adults' driving performance would show these inherent 

weaknesses and could be interesting for future studies. 

Another variable of significant impact in the research is the influence of a demanding dual-

task driving condition. In performing a study, Ebnali et al. (2016) established several 
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fundamental aspects. First, the mean driving speed decreased while the speed variability 

increased when the drivers engaged in an activity such as listening to the news. Second, the 

research also established that "age has a significant effect on speed variability and deep 

comprehension among drivers aged ≥75 during the secondary task" (Ebnali et al., 2016). Thus, 

non-visual distractions such as in-vehicle audio technologies could affect driving in the elderly.  

 

Our work addresses three different hypotheses. According to one, driving performance 

diminishes when being subjected to dual-tasks while driving. The subject fails to perform 

during the driving simulator whenever the simulated car drives out of the driving lane. The 

program measured the number of times that the subject failed to drive straight, and the 

amount of time spent out of the lane. Our study, however, recorded no significant effect on 

driving out of lane and the amount of road edge excursions when implementing the PASAT-

test. 

On the contrary, their driving performance during the cognitive dual-task was even better 

than the baseline. This, however, was also not significantly demonstrated. According to 

Östlund et al. (2006), lateral variation decreased significantly when challenged with a 

cognitive dual-task due to increased steering activity (Östlund et al., 2006). This might have 

been a precautionary behavior and a compensation method for the reduced ability to react 

properly. The participants did report a significant increase in mental workload and perceived 

effort while driving with a dual-task. This was reflected in the self-reported subjective 

workload before and after each driving task. It could indicate that there might be significant 

differences when a more demanding dual-task is implemented. As said by Duncan et al. (1997) 

complex or multiple tasks can result in insufficient mental resources and can lead to 

performance loss because structural interferences impair the simultaneous handling of those 

tasks (Duncan et al., 1997). This is also in accordance with Ebnali et al. (2016), a study that 

found that drivers decrease their speed when engaging in a cognitive dual-task, such as 

listening to the news (Ebnali et al., 2016). In this case, the drivers could have compensated for 

their impaired handling of the dual-task by reducing their speed. 

Another explanation for our findings might be the learning curve principle. Driving a simulator 

is a different experience, and the subjects could still be adjusting to it. 
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Secondly, we hypothesized the influence of gender on driving performance when presented 

with a cognitive dual-task. We found no significant effect of gender on the percentage out of 

the lane and the total amount of road edge excursions. 

Lastly, we hypothesized that participants who drive more on a daily basis presented a better 

performance when being exposed to a cognitive dual-task. Like the gender, the driving 

frequency had no significant effect on percentage out of lane and total road edge excursions 

in both the cognitive dual-task and the basic driving task. 

 

This research should be interpreted with caution, considering the small sample size. Future 

research should implement a lot more subjects and more types of cognitive dual-tasks instead 

of working memory, such as long-term memory, problem-solving, or auditory processing. 

 

a. Strengths and limitations 

 

This study has its limitations. Firstly, this study has a small sample size with only twelve 

participants. Another explicit limitation is sample bias. The participants are between the age 

of 25 and 35 years old. After recruitment, there has been an evaluation of when the 

participants obtained their driver's license, but this information was not used and is, 

therefore, an important criterium left out. Considering this, we do not know if some 

participants have an experience advantage over other participants. Another limitation is the 

use of using only one cognitive test to simulate a dual-task. A lot more different cognitive 

actions can be used to possibly induce cognitive impairment. The use of just one visual math 

task might not be challenging enough for some participants. The repetitiveness of this task 

could also allow for a strong learning curve towards the end of the sessions. Cognitive 

impairment on the road might be more unexpected and more variable than in simulated 

driving. 

Next, our outcome measures, percentage out of lane, and total road edge excursions give us 

information about the number of errors but not the magnitude of the error. For example, 

participants crossing the edge by a small margin are not distinguishable from the ones crossing 

the edge by a far more considerable margin. 

Lastly, we do not know how much time participants spend on the road during their daily lives. 

We included participants with a weekly cut-off, but we do not know their time spent on the 
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road in their lifetimes specifically. Therefore, some participants might have a more or less 

trained cognition whether they spend more or less time on the road. Theoretically, more 

limitations can be found regarding the personal traits of the participants because these 

personality traits have a much higher impact due to the small sample size. A larger sample 

size would reduce the influence of these personal traits and reflect a more generalizable 

outcome. 

 

Strengths of this study included the use of validated tests and questionnaires such as the 

Montreal Cognitive Assessment questionnaire (MoCA) and the Snellenkaart to eliminate 

biases. Furthermore, the test was taken in a secure environment where all forms of external 

distractions were eliminated. Lastly, validated statistical software was used to evaluate the 

results. 

 

This research should be interpreted with caution, considering the very small sample size. 

Future research should implement a lot more subjects and more types of cognitive dual-tasks 

instead of working memory, such as long-term memory, problem-solving, or auditory 

processing. 
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6. Conclusion 
 

In conclusion, the main finding is that we found no significant difference in driving 

performance when driving with a cognitive dual-task in a driving simulator. Furthermore, we 

found no significant influence of age and driving frequency in this study. A significant increase 

in average subjective mental workload and perceived effort was found, but these findings 

should be interpreted with caution due to the small sample size. 

Future research should include larger sample sizes with a heterogeneous population of young 

adults. This allows for a more detailed look at possible factors influencing driving 

performance. Moreover, adding more cognitive dual-tasks and incorporating different age 

groups should also be considered. 
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