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Abstract 

Driver distraction, defined as the scattering of attention from critical activities for safe driving, 

is among the key globally recognized contributing factors to road crashes. The trend keeps 

increasing with in-vehicle information systems and hand-held devices, leading to inattention. 

Of people in all age groups, young novice teenagers are prone to the risk of road crashes and 

are also more likely to exhibit risky and unsafe driving behavior. Data shows that the 

involvement of distracted drivers in fatal & injury collisions is higher for people aged between 

16 -34, which is about 55%. Therefore, young drivers are of great concern for the research 

about driving and evaluation of safe driving conditions, which is vital in upcoming 

advancements in autonomous vehicles.  

Several research studies have explored the effects of distracted driving using face tracking and 

eye glance monitoring. Previous research [50] did not consider much about the effect of 

distraction on physiological factors and their impact during driving. The current study used 

data collected from a previous thesis work titled “Detection of Driver Cognitive Distraction 

Using Machine Learning Methods” by Apurva Misra and conducted new data analysis 

focusing on new research questions. The main objective of this thesis is to study, identify and 

discuss the effects on physiological factors like heart rate (HR), electrodermal activity (EDA), 

body temperature, and motion sickness during distracted driving among young drivers. 

The data was collected from a driving simulator study comprising 42 participants aged 

16 – 23 under normal and distracted driving conditions. Their driving experience ranges from 

0 to a maximum of 5 years. Each participant navigated six scenarios, three with distraction and 

the rest without distraction. Each scenario has a hidden, latent hazard depending on the 
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surrounding; for example, in the work zone scenario, a worker is hidden behind the bulldozer 

in the work zone. The distraction task is a spoken task for which the driver has to respond 

verbally, which exerts a workload similar to that observed in conversations using a hands-free 

mobile phone. The physiological data collected through the Empatica4 wristband was analyzed 

and compared against age, gender, driver experience, and another parameter like motion 

sickness score (MSS) obtained from a questionnaire the participants completed after the 

experiment. Of the physiological factors stated above, it was found that HR and EDA play a 

significant role while studying distraction. Data analysis showed that HR and EDA increase 

more during distraction than baseline events. Nearly 80% of drivers with 0 or 1 year of 

experience tend to have a higher range of HR and EDA, which reveals that they are more 

distracted than their peers with more experience. From the results of the Load index 

questionnaire and Motion Sickness susceptibility questionnaire, it is inferred that when MSS 

increases, there is an increase in HR and EDA. These findings will provide insights into 

physiological factors for developing distraction mitigation systems or in-vehicle warning 

systems for distracted drivers.  
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Chapter 1 

Introduction 

1.1 Motivation  

According to the global status report on road safety by the world health organization, it was 

estimated that the number of road traffic death was about 1.25 million a year on a global 

scale [1]. This claims that road crashes have a huge impact on the development of technologies 

for safer driving.  

The US National Highway Traffic Safety Administration (NHTSA) states that eight 

percent of fatal crashes, and 13 percent of all reported motor vehicle crashes in 2020 were 

reported as distraction-affected crashes [2]. In 2020, there were 3,142 people killed and 

additionally 324,652 people injured in motor vehicle crashes that involves distracted 

drivers [2]. Seven percent of drivers around 15–20 years old have reported as distracted during 

fatal crashes. Figure 1.1 shows that this age group has the largest proportion of distracted drivers 

during fatal crashes, says NHTSA [2] 

It is very important for the upcoming advancements in the automobile industry which 

is leaping towards autonomous cars, to look at the aspects of safe driving. The crash or near-

crash mitigation is vital for this to be achieved. From the discussion above, it could be inferred 

that the impact of distracted driving is of great concern to be considered when it comes to 

developing technologies for safe driving.   
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Figure 1.1 Driver involved and percentage of drivers involved in fatal crashes who were distracted, 

by age group,2020 [2] 

1.2 Objective and Importance  

Distracted driving is a significant safety problem. This distraction is often discussed around 

hand-held devices like mobile phone usage and texting. But distraction also includes activities 

like eating, talking to co-passengers, or using in-vehicle information systems (IVIS). 

        A driver-assisted system like IVIS can also inform drivers about getting distracted and 

alert them of their surroundings so that they can drive safely without any crashes or accidents. 

Several research has been done on this “distracted driving,” which uses vehicle kinematics, 

eye-glance monitoring, face monitoring, etc. However, when it comes to cognitive distraction, 

Physiological factors play a major role. 

        When considering the drivers, young drivers are known for an increased tendency towards 

unsafe, risky driving and have a high risk of crashes too. Many of these have more implications 

for distracted driving.  

        This thesis involves studying and understanding of physiological factors, their effect, and 

their importance while the drivers get distracted, especially among young drivers of age 16 to 

23 years old. 
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1.3 Thesis Organisation: 

The content of this thesis is structured as given below:  

• Chapter 2 provides a background of this thesis, literature regarding distracted driving, 

consideration of young drivers and physiological factors in distraction. The gap in the 

literature is also discussed. 

• Chapter 3 discusses the data collection methods and material for the experiment, 

distraction tasks and the participant questionnaires. 

• Chapter 4, an exploration into physiological data, synchronizing, and visualizing them 

are elaborated and discussed. This chapter also discuss about the observation and 

insights obtained. 

• Chapter 5, Conclusion, gives a summary of the study, its limitations and its future work. 
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Chapter 2 

Background 

2.1 Literature review  

2.1.1 Distracted driving 

Driver inattention or distracted driving means insufficient or no attention to activities critical 

for safe driving and completing the activity, which may lead to unsafe and risky 

driving [7]. Distracted driving or inattentive driving, which is 14% to 17% of crashes, is 

associated with hand-held devices while driving [6][14]. It happens primarily due to electronic 

devices like cell phones which is about 24% and other activities like grooming, eating, 

drinking, etc. [3]. In-vehicle technology is also a contributing factor in driver distraction. 

Nevertheless, they are also an excellent source to get data on the drivers for distraction 

mitigation. 

The hand-held devices used by the drivers increase the reaction time by 0.5 to 1.5 

seconds which makes it difficult to maintain speed, response and impairs one’s 

judgment [4][12][13]. Mostly non-commercial vehicles tend to have 2.8 times more crashes 

on the road than other vehicles [4]. Analysis of eye glance behavior done by Road Safety in 

Canada indicated that the eyes-off the road durations of greater than two seconds significantly 

increased the risk of crashes [3]. 22% of distracted crashes happen when a secondary 

distraction leads to cognitive distraction [3][14]. Not only hand-held devices, even hands-free 

phones or the use of user interface in the vehicle also slows the reaction time. Therefore, not 

much difference is seen between hand-held and hands-free devices. These distracted drivers 

accounted for 14.8% of all traffic-related fatalities in 2012 [4]. Several causes of distraction 

while driving are shown in Figure 2.1.  
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Figure 2.1 Causes for distracted driving [8] 

According to NHTSA’s record for the year 2015, 72,000 police-reported crashes 

involved drowsy drivers. This drowsiness or tiredness happens due to fatigue. Fatigue occurs 

when a person works beyond a point, leading to a decrease in efficiency [9]. Fatigue is another 

critical category of distraction after cognitive distraction [9][10]. An interesting study shows 

that the driver's familiarity with the road routes and traffic may also affect the psychological 

state of the drivers and their driving behavior. The driver becomes more lethargic about the 

environment and pays much less attention which also comes under distracted driving [11]. 

2.1.2  Young drivers 

Teen and novice drivers are known for the increased risk of road crashes. Driver distraction is 

focused on teenagers because of their inexperience and their proneness to engage in risky and 

unsafe driving [15]. 

According to Road Safety in Canada, drivers aged 16-24 are 13% only, while their 

fatalities and getting seriously injured were about 24% and 26%, respectively [3]. Of all other 

age groups, young drivers 16 to 24 years of age continued to have a higher risk of being killed 

in a motor vehicle crash, as seen in Figure 2.2.  
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Figure 2.2 Young drivers are overrepresented as victims [3] 

  Data for the involvement of distracted drivers in fatal and injury collisions are higher 

for ages 16 -34, which is about 55% [3]. Therefore, secondary tasks make them more 

susceptible to being cognitively distracted. Several reasons for considering teen drivers have 

more implications in the area of distracted driving. They include widespread usage of mobiles 

while driving, In-Vehicle Information Systems (IVIS) and distractions inside and outside the 

vehicle, making them more susceptible to distraction. 

In-vehicle distractions may include the presence of co-passengers which are known as 

a risk factor for crashes while interacting with a teen driver. The co-passengers are also 

observed to influence the drivers' behavior and decision-making [15]. Three naturalistic studies 

conducted on teen drivers, to show the prevalence of distracted behavior. But they were 

conducted only in states of the US where there are laws limiting the usage of cell phones for 

teen drivers [28]. These studies reveal that the estimate of electronic device usage may not 

reflect the electronic device used during all driving conditions [28]. 

 Several studies that were done by comparing teen's and adult's phone usage while 

driving show that drivers of age 18 -20 years old are more alike to 21 -24 years old than drivers 

above 25 years [22][23][24][37]. A naturalistic study on teen drivers shows that  the eye glance 

away from the roadway mostly involves secondary tasks. The glances which are more than 
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two seconds were associated with four times increase in Crash/Near Crash (CNC) for any 

secondary task considered [35]and is about 56.7% of study scenarios [16].  

A field study from England also shows that inexperienced drivers have longer 

eyeglance than experienced ones [19][26][27][30 – 33][38]. Other studies also show that newly 

licensed teens were found to have high crashes when compared to other drivers with good 

experience [20][24][31][34]. The presence of peer passengers also had a significant influence 

on distracted driving in young drivers [17][18][21][25]. An examination of such conditions 

confirms that an increase in younger co-passengers tends to increase the risk of driving among 

drivers aged 16 -17 years [36]. 

           These studies on young drivers give us more reasons why they are of great interest when 

considering distracted driving.  

2.1.3 Factors and ways of detecting distraction. 

The increasing prevalence of autonomy in automobiles makes us depend more on the sensors. 

The Literature review from [7] concludes that using physiological parameters can be best to 

monitor the cognitive distraction of the driver.  

Research on SHRP2 data from a Naturalistic driving study conducted by Louisiana 

Transportation Research Centre gives us an overall analysis on SHRP2 data to quantify the 

crash risk associated with distracted driving behavior [5]. They tried different algorithms to 

find the best input for analyzing distracted driving. The input data were driving performance, 

face- eye tracking and physiological measures. Driving performance was considered to 

determine how distraction and workload levels affect the driver’s control on the vehicle. Face-

eye tracking were considered to determine the time when the driver is not engaged in the 

critical task for safe driving. Physiological measures were taken into consideration to improve 

the performance of distraction detection methods. The research shows that a combination of a 

few factors from driving performance measures and face-eye tracking are good inputs for a 

model [5]. Similarly, there are so many studies that use various algorithms like SVM, RF, 

KNN etc., [7][8] to identify the distraction among the drivers and also to evaluate which of 



 

 8 

them performs better [45][45]- [51][74]. Many machine learning algorithms also uses image -

or video-based approaches to detect distraction in drivers [75]. 

 A paper regarding the classification of driver distraction uses similar inputs like head 

posture, vehicle inputs, eye gaze and physiological indicators as input to determine the best–

performing algorithm for detecting driver distraction [6]. Three classes of distraction, non-

distraction, cognitive distraction and texting, are considered. The data was collected through a 

simulator task. The drive consisted of eight phases with two minutes break to respond to the 

questionnaire. The loaded drives consist of secondary tasks, which includes:  

1. Verbal response for math or analytical question 

2. Emotional (questions) 

3. Sensorimotor which includes texting. 

 The dataset consisted of driver behavior measures for each drive. The driver behavior 

data and physiological data were collected at 60Hz and are down-sampled to 1Hz in the dataset. 

Twenty-one algorithms were tested, and six showed that the combination of driver and 

physiological data gives more accuracy [6]. 

           While discussing the physiological factors considered in the study of distracted driving 

factors like eye gaze, eye movement, electrocardiogram (ECG), Electromyogram (EMG), 

electrodermal Activity (EDA) and heart rate (HR) are commonly taken into 

consideration [38][56]. A Study [7] states that physiological factors like the value of pupil 

diameter can also be used for the detection of cognitive distraction [53]. 

 A pupil dilation study of Safety Vehicle using adaptive Interface Technology (SAVE-

IT) shows that increased cognitive distraction leads to increased pupil diameter [56]. Further 

works on this highlighted the difficulty in estimating cognitive distraction using pupil diameter 

during a dialog task [54], different lighting conditions [55] and in different emotional 

states [56]. A study on visual distraction, which includes eye movement for detecting 

distraction, states that eye tracking has practical limitations for implementing in a distraction 

detection system because the tracks may lose accuracy when traveling on rough 

roads [47][14].  
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A study [49] about detecting physiological patterns in Human-Computer Interaction 

(HCI) discusses physiological signal based HCIs that have found applications in nonmedical 

fields like emotion recognition [59], smart home control [60], driver distraction 

avoidance [61], musical expression [62] and medical fields like healthcare monitoring 

systems [63][64][65][66]. A smartwatch or Fitbit is a practical application of health 

monitoring, which uses physiological signals [67]. 

A study on driver's fatigue says that fatigue will also lead to inattention which may lead 

to distracted driving. This study uses physiological measures like HR, ECG, electrooculogram 

(EOG), Electroencephalogram (EEG) and Galvanic Skin Response (GSR) [9][10]. Another 

real-world driving study for detecting stress using physiological sensors like ECG, EMG, EDA 

and HR reveals that these factors correlates with the driver's stress [57]. The study states that 

the Skin Conductance (SC) and the HR are two main factor that can influence stress. This can  

be taken into consideration because when drivers get distracted, they tend to get stressed which 

in turn affects the physiological factors [57][58]. Other factors like EMG and EEG cannot be 

used as they are intrusive and incompatible in an actual driving environment. 

  The literature study of the physiological measures used in distracted driving studies 

shows that HR is more sensitive to various loaded tasks, particularly for cognitive 

efforts [56][39]-[42]. Another paper on the effect of electronic devices takes cardiovascular 

activity as an essential physiological factor for determining the effect of electronic devices 

while driving [13]. The heart rate is ventricle contraction, also known as pulse per time. Doing 

activities, age, body position, emotional state and fatigue are some of the factors that can 

impact the heart rate [67]. A Research that was done on Heart Rate Variability (HRV) and its 

impact on emotions show an intricate involvement of HR with our emotions. It reflects on the 

physiological state and level of emotional arousal [68]. 

           Electrodermal activity (EDA), also known as Galvanic Skin Response (GSR), is an 

electrical change that occurs in the skin. The measurement of these are usually from the palm 

or the sole. EDA is sensitive to any behavior that affects the sympathetic nervous system [56]. 

A study conducted by decomposition on raw GSR gives the most discriminative 

characteristic to identify driver distraction. This study also states that the GSR is a reliable 
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indicator and also an early indicator of the distraction state of the driver [69][73][43][44]. The 

research on GSR and its correlation with emotions shows an apparent increase in GSR activity 

when a person experiences an emotion. However, there are some exceptions like relief or 

feeling contented, where there will be a decrease in GSR [70][71][72]. The study [76] proposed 

GSR-based distracted driving identification. It is said to be a low-cost and robust physiological 

signal to measure, which is also a minimally intrusive modality that can be measured on the 

wrist [77]-[81].  

Another study on prediction of driver distraction also reveals GSR as an excellent 

physiological indicator of cognitive state and emotional state. By studying and measuring 

EDA, one can reveal the change in the Sympathetic nervous system (SNS), which drives all 

other human behavior at the subconscious level [80]. Studies about cognition, stress and 

cognition also shows that EDA and heart rate has a significant relationship with them [70] 

[102][103]. 

           The nervous system plays a vital role in a person’s reactivity, especially in behavior and 

physiological factors. The Autonomous Nervous System (ANS) plays a role in all involuntary 

activities like the increase and decrease of HR and EDA during a distracted condition which 

may lead to stress. This ANS comprises the Sympathetic Nervous System (SNS) and 

Parasympathetic Nervous System (PNS). SNS increases the physiological arousal when 

activated, while PNS acts in contrast, inhibiting the physiological arousal when activated [68]. 

This understanding of the nervous systems help us know how HR and EDA vary when drivers 

are getting distracted [70][71][72]. The overall Nervous system is depicted in Figure 2.3 [68]. 

 Several studies conducted using simulators usually includes Motion Sickness as an 

important factor. The studies reveal that there is correlation between the Motion sickness and 

physiological factors [82][83][86]. The studies [82][83] states HR, followed by GSR as 

important physiological factor that correlates with motion sickness and simulator sickness. The 

study of motion sickness uses the Motion Sickness Questionnaire (MSQ), which records 

individual exposure to motions in different transportation systems like cars, buses, trains, ships, 

airplanes, etc., and their corresponding level of occurrence of illness in these 

transportations [82]. The susceptibility of motion sickness is usually collected through such 
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questionnaires. These responses are used for several motion and motion sickness-related 

studies. Similarly, for the studies in a simulator environment, the Simulator Sickness 

Questionnaire (SSQ) can be used to determine whether the participant has simulator sickness 

or not [83]. The studies above also state HR as a Physiological critical factor that co-relates 

with motion sickness and simulator sickness. 

 

Figure 2.3 Overall nervous system in human body [68] 

    

2.2 Gap in Literature 

 From the literature discussed above, most of the distraction task was solving a math problem 

or analytical or logical questions, which are not the actual distraction that happens while 

driving in a real-world driving situation on roads [84][85]. In order to fill this gap, this 

simulator study [50] makes it much similar to a conversation among the co-passengers in the 

vehicle. 

 There are several researches done on distracted driving, as discussed in the literature 

study. For detecting distraction, most studies considered vehicle parameters like acceleration, 

braking force, etc. They also considered pupil and eye tracking as essential data to analyze the 
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distraction. Studies were done combining them and physiological factors as hybrid measuring 

inputs for their machining learning algorithm. 

           However, there has not been much research done on the physiological factors and their 

impact. Even if they are considered, it was to detect the distraction and evaluate the algorithms' 

performance. This thesis explores the physiological factors specifically. HR, EDA, and body 

temperature are the physiological measures obtained from the study [50]. 

            As discussed in section 2.1.2, young drivers are most susceptible to distraction than 

any other age group. Therefore, this thesis considered the simulator study, which mainly 

focused on the age group of 16 -23 years old. Another essential thing considered in this study 

is the Behavioral Questionnaire, Motion Sickness Susceptibility Questionnaire (MSSQ) and 

Load Index Questionnaire (NASA-TLX) obtained from the participants for the driving tasks 

with and without distractions.  

           The next chapter discusses the data collection method, materials and equipments for the 

study, explanation of the driving task and questionnaire obtained from the participants. 
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Chapter 3 

Data collection and Experiment 

3.1 Method and material 

3.1.1 Hypothesis and study overview 

This study was aimed towards young drivers. The physiological factors like EDA , HR and 

Temperature for Baseline and Distracted driving are obtained during their drive. The 

Experience of the participants and their Motion Sickness score (MSS) are considered while 

evaluating the EDA and HR to know the correlation between them. 

When considering the baseline and distracted values of EDA, HR and Temperature, 

Null hypothesis, H0: there is no change in EDA, HR and Temperature values between 

Baseline and distracted  and  

Alternative Hypothesis, HA: there is change in EDA, HR and temperature values 

between Baseline and Distracted 

When the driving experience of the participants obtained through the questionnaire is 

considered, the null and alternative hypothesis is stated as :  

H0: There is no correlation between experience and EDA, HR and temperature of the 

participants and  

HA: There is correlation between of experience and  EDA,HR and temperature. 

When MSS is considered , the hypothesis is that  

H0: There is no correlation of MSS between EDA, HR and Temperature and 

HA: There is correlation of MSS between EDA, HR and Temperature. 
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When considering the workload with and without distraction, 

 H0: The Workload score do not increase with distraction. 

 HA: The workload Score increases with distraction. 

The values of the physiological factors are obtained through sensors in wrist band worn by the 

participants. The MSS, Workload score and experience are obtained through questionnaires. 

3.1.2 Participants and procedure. 

The current study used data collected from a previous thesis work titled “Detection of Driver 

Cognitive Distraction Using Machine Learning Methods” by Apurva Misra and conducted new 

data analysis focusing on new research questions. The previous study gives the procedure for 

the simulator study [50]. At the University of Waterloo, 42 participants were recruited for this 

study from emails submitted to several departments. Participants were with a full G Canadian 

driver's license in good standing, less than 15,000 kilometers of driving experience and aged 

between 18- 23. Participants were required to have adequate eyesight or to have their vision 

corrected with contacts or spectacles. Participants with known vertigo or motion sickness were 

not permitted to participate because they were susceptible to simulator sickness [50]. There 

were 42 participants, with a mean age of 20.5 (female=20.78 and male=20.34). There were 14 

female and 28 male participant. The study was granted ethics clearance (ORE # 40678 ) 

through the University of Waterloo Office of Research Ethics and was conducted as stated in 

the approved protocols. 

 

Procedure: The participant must sign the consent form if they decide to take part. They were 

asked to complete the Motion Sickness Susceptibility Questionnaire (MSSQ), which is 

attached as Appendix A. Depending on the results, they may be asked to stop the study in order 

to avoid simulator-induced sickness. The participant was asked to fill out demographic 

information and a DBQ (Driver Behaviour Questionnaire) that rates their driving on a scale of 
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0 (good driver) to 5 (bad driver) once they have qualified (score less than 23) from MSSQ 

scoring [50]. 

 The average length of the study was 50 minutes. The study involves a driving simulator 

for driving task and a wristband with sensors to collect physiological data during driving. 

Before starting the study, participants have to drive a car through a training scenario in the 

simulator, consisting of a suburban road with no traffic and multiple turns. This helps to 

establish competence in handling the equipment. The baseline data from the physiological 

sensor was collected while this is done. The experimental flow of the study is represented in 

the Figure 3.1below. 

 

Figure 3.1 Experimental flow of study [50] 

 The following sections go into further detail on the six road scenarios that participants 

drove through, each of which has a different atmosphere and speed limit. These situations are 

roughly equal in length, and throughout them, speed and other driving and 

physiological factors are noted [50]. 

3.1.3 Experimental setup  

The experiment uses Carnetsoft Driving Simulator for virtual driving tasks consisting of 

distractions from a navigation window and heeds the traffic regulations. The sound from the 

road, wind, engine noise and audio for distraction tasks are through speakers. The 

physiological factors needed for this study are obtained using E4 Empatica Wrist Band. All 
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these equipments are kept in a closed room without windows. The experimenter was the only 

person present in the room at all times while the experiment was taking place, and the lights 

were left on throughout [50]. Depending on their level of equipment comfort, the participants 

were informed that they could ask to quit the experiment at any time. The equipments are 

explained as follows. 

1. Carnetsoft Driving Simulator: This simulator is considered the most realistic car 

driving simulator. The crucial elements needed for driver instruction are worked on 

by this driving simulator. It forces the user to repeatedly do actions like changing 

gears, changing lanes, and watching traffic, among others. Driving is not at all a simple 

job; several various tasks must be mastered, carried out, and combined, which include 

indicators must be turned, lanes must be changed, gears must be changed, traffic laws 

must be followed, traffic signs must be observed, the car must be stopped, the pedals 

must be controlled, the side and rear-view mirrors must be observed, and many more 

tasks.  

The simulator contains three screens—left, center and right—with 210 degrees of 

surround visuals with a resolution of 5760 x 1080, as seen in Figure 3.2. Its lighting, 

shadows, and motions are all realistic. To evaluate hazard anticipation, animations of 
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people, animals, and unexpected circumstances can be controlled. In scenarios, the 

density of traffic participants can be adjusted. 

 

Figure 3.2 Carnetsoft driving simulator setup [50] 

2. Speakers: These produce sounds similar to those from real world driving situations 

like the sound from the road, the wind, the tires, the engine, and the distraction task, 

which involved playing audio at random intervals and adjusting the volume depending 

on the driver's position inside the scenario. 

3. E4 Empatica Wrist Band: Wireless and portable devices that collect physiological data 

are being used in most of the research. The Empatica E4 wristband is an example of a 

portable device that can monitor cardiac inter beat intervals (IBIs), heart rate 

variability (HRV), and electrodermal activity (EDA). It monitors several other 

acceleration and temperature parameters of the person as well. A research setting that 

involves interactive dyadic states also utilises E4 Empatica band, Figure 3.4, to get 

physiological data [86]. 
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Figure 3.3 E4 Empatica Wristband [87] 

High-quality data collection sensors are built into the E4 Wristband.  

• A PPG sensor measuring blood volume pulse and from which heart rate can 

be derived. 

• An EDA sensor measuring the electrical properties of the skin. 

• A 3-axis accelerometer, capturing motion-based activity. 

• An infrared thermopile, reading skin temperature. 

The E4 is worn like a wristwatch. All of the sensors are embedded in the device: the 

PPG sensor and the temperature sensor are on the bottom side of the device while the wristband 

holds the EDA electrodes.  The overview of the features of E4 Empatica Wristband is show in 

the Figure 3.4. Recorded data can then be imported via USB where the user can view and 

manage the collected data. It is also possible to download raw data in CSV format for 

processing and analysis. 
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Figure 3.4 Features and placement of sensor in E4 wrist band [87] 

3.1.4 Distraction Task 

The previous study [50] states that, for the driving task, a scenario design was created based 

on research on drivers' scanning and mitigation patterns for latent dangers. Latent hazards are 

dangerous threats that could theoretically result in an accident but will not be in these 

simulator-based situations. In order to examine various driving styles, scenarios spanned a 

range of road types, from suburban to motorway. They were installed during the day to prevent 

the impacts of ambient illumination. Each situation had a speed limit communicated through 

the simulation's signs and announcements before each drive. Each scenario has a latent hazard, 

and the zone in the thesis centered on that location is referred to as the crucial zone. Latent 

dangers vary depending on the type of road and its environment. Each participant drove all six 

scenarios and three scenarios with distractions were chosen in Pseudo-random order. 
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Therefore, 21 drivers performed a scenario with distraction and 21 drivers performed a 

scenario without distraction. No driver experienced a scenario twice [50]. 

The description of the scenario and the latent hazard of each are described as follows: 

1. Work zone scenario:  

Speed :110 km/h  

Environment: work zone in the emergency lane of a two-lane highway, two lanes in 

each direction with light traffic in opposite lane separated by divider.  

Latent hazard: a worker hidden in the work zone behind a bulldozer, Figure 3.5.a) 

[50][88][89]. 

2. Curve scenario:  

Speed: 80 km/h 

Environment: Two trucks are parked on either side of a curved segment in a sub-urban 

road type. 

latent hazard: A pedestrian hidden behind the truck on the right. There is no other 

traffic participants in this scenario, Figure 3.5b) [50][90] 

3. Stop-controlled intersection scenario:  

Speed: 50 km/h 

Environment: Stop-controlled four-way intersection in an urban environment 

Latent hazard: stop signage obscured by vegetation. There are no other traffic 

participants in the scenario, Figure 3.5.c) [50][88][89]. 

4. Pedestrian crossing:  

Speed: 50 km/h 

Environment: A crosswalk at an intersection of a two-lane city road with one lane in 

each direction. A truck is parked on the left lane. 

latent hazard: A driver hidden behind the truck. There are no other traffic participants 

in the scenario, Figure 3.5.d) [50][91]. 

5. School zone:  

Speed: 50 km/h 



 

 21 

Environment: A sub-urban two-lane road with one in each direction having a crossing 

in a school zone with early signage cautioning about school children.  

Latent Hazard: There is vegetation blocking a pedestrian trying to cross at the 

crosswalk with the presence of multiple people playing in the park on the other side of 

the road, Figure 3.5.e) [50][91] 

6. Parked vehicles:  

Speed: 50 km/h  

Environment: A two-lane road with one in each direction, and the driver has to move 

straight through along a line of parked cars to the right.  

Latent hazard: a car with its turn signal on trying to pull out into the path of the 

driver. There are no other traffic participants, Figure 3.5.f) [50][91]. 

 

 

Figure 3.5 The scenarios and the latent hazards for each. a) Work zone scenario, b) Curved scenario 

with trucks parked, c) Stop controlled intersection with limited visibility, d) Pedestrian crossing with 

a parked truck, e) School zone scenario, f) Parking zone scenario [50] 
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Cognitive distraction is a state of reduced or diminished attention. The cognitive 

distraction of the drivers, which happens due to secondary tasks like talking, and listening to 

music can be reproduced on a driving simulator by giving tasks like responding to questions 

that are logical or math problems in general, which act as a cognitive load while driving in the 

simulator [45]. The cognitive distraction task for this study was a spoken task, but instead of 

interacting with the experimenter, a series of statements sounded through the speakers at a 

constant period of five seconds, to which the driver responded. It is initiated in the path 

preceding the critical zone and terminated in the following path after the critical zone. This 

secondary task acted as an alternative to conversations carried out while driving vehicles [50]. 

Before the start of the secondary task, there was a beep to alert the driver and a beep 

after all the sentences were completed and answered. The sentences were grammatical 

reasoning tasks that are considered to provide a comparative workload as a hands-free 

cellphone call. 

The sentences in the study [50] were about four to five words long, and after hearing 

the sentence the participant was supposed to answer in the five-second period before the start 

of the next sentence. 

For example,  

Statement: The rat drove the car 

Expected response: Rat, Car, No 

 

After each sentence, the participant was required to list out aloud the “subject", “object", 

“yes/no" - depending on whether the sentence was plausible. An example of positive response 

from the participant would be-  

Statement: Ron fixed the door 

Expected response: Ron, Door, Yes 
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3.2 Questionnaires and load index  

A study identified that traffic accidents are closely related to the driver’s mental and physical 

state before the accidents, which is obtained through the questionnaire and survey [6] 

For this study, each participant were asked to fill out three questionnaires before 

starting the experiment. The first was a pre-study questionnaire to get the demographic and 

driving history of the participants [Appendix A]. 

The second questionnaire was Driver Behaviour Questionnaire (DBQ). There were 

about 24 statements based on driving behavior, and the participants were expected to fill them 

on a scale of 0 to 5 (from rarely engaging to engaging almost all the time) based on their own 

experience [Appendix A].  

           The last one is the Motion Sickness Questionnaire (MSSQ). This questionnaire is 

designed to find how susceptible to motion sickness the participants are. The sickness here 

refers to vomiting, nausea or other similar feelings related to motion. The participants were 

asked to fill two tables. The tables contain nine modes of transport or entertainment and row 

against each to mark how frequently they feel sick or nauseated while in that transport or 

entertainment. The first table was for their experience as a child (before the age of 12) and the 

next table was for their experience in the last ten years [Appendix A]. 

           Another important information regarding their workload is obtained through NASA 

Task Load Index (TLX) after the experiment. NASA TLX is a multi-dimensional rating 

technique for the subjective workload. This describes workload as the effort to achieve a level 

of performance by humans [92]. The subjective workload integrates weighted subjective 

responses, including emotional, cognitive and physical responses and their weighted behavior 

evaluation.  

 There are six dimensions of subjective experience of workload. They are mental 

demand, physical demand, temporal demand, perceived performance, effort and frustration 

level as shown in Figure 3.6. Definition of these rating – scale is presented in Table 3.1.  
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Figure 3.6 Rating scale of NASA TLX [92] 

 

 

Table 3.1 NASA TLX rating scale – definitions [92] 

Many studies that used TLX conclude that it provides a sensitive indicator of workload 

which is significant, valid and reliable [93] – [97]. They all reported that these rating was 

obtained within a minute but are extremely useful for estimating workload in an operational 

environment [92]. 
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Chapter 4 

Exploration 

4.1 Physiological data 

Bio-signal processing is vital for many technologies that use Human Machine Interaction 

(HMI). These signals can be obtained from the sensors that are used to collect and measure 

physiological factors like Heart Rate, Electrodermal activity and temperature, which are 

considered for our study as well. 

 The measurements for this study were collected from the E4 wristband worn by the 

participants during training as well as during their drive through scenarios in the simulator. 

The data collected during training corresponds to baseline measurement and that collected 

during driving scenario is considered to be distracted measurement [50]. The measurement 

duration can be controlled using a button on the wristband. The measurement for this study 

was started when training started and was stopped once the training was done and started again 

when the participant started experimental scenarios.  

 The data obtained from the physiological sensors can be transferred to in real-time to a 

system. This was further converted in separate folders for each participants in CSV format for 

HR, EDA and temperature [50]. 

The following steps were done for data-cleaning: 

1. Generating time stamps: the initial timestamp is indicated in cell A1 of the 

CSV file of each sensor, as shown in Figure 4.1Therefore, the timestamp is 

generated from this initial timestamp. 

2. Synchronization: The collected frequency from the E4 band is represented 

in cell A2 of the csv file for each senor (Figure 4.1). The frequency of EDA 

and Temperature are 4 HZ while for HR is it was 1HZ. Therefore, 
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synchronisation is done in order to bring all physiological factor down to 

1Hz as shown in Figure 4.2  

The processed data for each participant is then compiled into a single folder for each 

physiological data, including baseline and distracted values. This data is further used for 

analysis where the baseline and distracted values of EDA, HR and Temperature were compared 

against each other. 

 

Figure 4.1 Temperature Data with generated timestamps and stepped-down frequency 

 

Figure 4.2 Synchronized data of EDA, HR and Temperature 
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The age, experience & gender of the participants are obtained through demographic 

information filled by the participants. The MSSQ score is also taken into consideration while 

analysing the physiological features. The explanatory analysis of these features was done and 

discussed as follows. 

4.2 Exploration and observations 

The exploratory analysis was done to gather insights about the characteristics of the 

physiological data. This helps to know the correlation between each feature and sights about 

their relationship. 

           The demographic information about the participants, which include their age, gender, 

experience and whether they wear lens were tabulated together. The MSSQ score was 

calculated from the questionnaire obtained from the participants. This was also included with 

demographic information. 

 Firstly, a basic graph analysis of EDA, HR and Temperature against time is done for a 

participant. There was little impact on one feature on another. There were fluctuations and 

peaks seen in EDA and HR lines. However, the temperature does not seem to vary much 

compared to the other two factors. It was repeated for other participants and it proved the same. 

An example is given in Figure 4.3, where EDA, HR and temperature of a male and female 

participant of same age is plotted. The observations are taken into consideration and further 

exploration of data is done for EDA and HR values.  

The EDA values of female and male participants are analysed separately for baseline 

and distracted events and is represented in the graphs in the Figure 4.4 and Figure 4.5. The 

observations from these graphs are analysed from various aspects like age, experience, motion 

sickness score and gender. The ranking of the participants according to the maximum value of 

EDA is shown as “name- distracted, baseline” in the Table 4.1 and Table 4.2.  
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Figure 4.3 EDA, HR and Temperature of a female and male participant of age 22. 

 

 

Figure 4.4 a) Baseline EDA values of Female b) Distracted EDA values of female 
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Figure 4.5 a) Baseline EDA values of male b) Distracted EDA values of male 

There is an overall increase in EDA during distracted events when compared with 

baseline which could be seen from the example in Figure 4.6 Baseline vs distracted EDA . The 

peak values are higher in distracted event. It is seen from Table 4.1 and Table 4.2 that the age 

and gender of the participant do not affect the EDA values. But the experience and motion 

sickness score seems to have a relationship with the value of EDA. 



 

 30 

 

Figure 4.6 Baseline vs distracted EDA 

 

 

Table 4.1 EDA observation for female 

 

Table 4.2 EDA observation for Male 
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 Similar to EDA, the HR values of female and male participants are analysed separately 

for baseline and distracted events and is represented in the Figure 4.7 and Figure 4.8. The 

observations are analysed from same aspects like age, experience, motion sickness score and 

gender. 

 

 

Figure 4.7 a) Baseline HR values of Female b) Distracted HR values of female 
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Figure 4.8 a) Baseline HR values of male b) Distracted HR values of male 

 

The value of HR for distracted is higher than that of baseline. The initial twenty seconds 

of the baseline event was not considered because the baseline event is measured first. It takes 

time for participants to get used to sensors and there would be adjustments made which may 

give us absurd values. With the Onset of driving, there tends to be stress caused in the arteries, 

due to which we get high HR peaks in the baseline. But as time increases, the baseline rate gets 

normal. Therefore, on an average, the range of HR during distracted task is higher than baseline 

which can be seen in an example shown in Figure 4.9. The gender of the participants do not 

have much influence on HR values. But the experience and MSSQ do have impact on HR 

variation between baseline and distracted. 
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Figure 4.9 Baseline vs distracted HR 

Compiling the observations above, while considering EDA and HR, the top peaks and 

fluctuations are seen in participants with one or less than one year of experience (Figure 4.10).  

The range of  HR and EDA is more or less the same for male and female participants 

of the same age. When considering the MSSQ score and the physiological factors, EDA (Figure 

4.11) and HR (Figure 4.12) slightly increase when MSSQ score increases. There is a mild 

temperature decrease in participants as the MSSQ score increases, as shown in Figure 4.13. One 

particular participant (Osli) showed deviation from these observations. She has experience of 

more than two years and also has less MSSQ score compared to others who have higher values 

of EDA and HR while distraction which can be observed through the graphs. This can be 

answered from the observations from the DBQ and TLX obtained from the participants before 

and after the experiment respectively.  

 

Figure 4.10 EDA and HR vs experience 
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Figure 4.11 Increase in average EDA for participants with higher MSSQ score 

 

Figure 4.12 Increase in average HR of participants with higher MSSQ score 

 

Figure 4.13 Average temperature VS MSSQ score 
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DBQ obtained from the participants shows that the person with high peaks in HR had 

scored more than the average score of all the participants. The results gathered from this 

questionnaire show that most of them were impatient while driving, crossed the intersection 

through, misread the signals and mostly ignored the speed limits. That particular participant 

Osli mentioned previously has the same pattern. Her score for DBQ was 19/25, which was 

above average. A similar observation could be seen in a few other participants whose HR and 

EDA peaks were higher. 

 Considering the NASA TLX could reveal more about their behavioral responses. It can 

also be used to evaluate how the participants feel with and without distraction during the task. 

Of all the traits in the Load index, the majority of these participants experienced high mental 

demand, temporal demand, effort and frustration, which could be seen in the Figure 4.15. It is 

also seen that the rating of these parameters vary with and without distraction task through the  

Figure 4.14 and Figure 4.15. The rating is less for the driving task without distraction. When the 

distraction occurs, participants tend to have an extra load which results in a higher rating of 

these parameters. 

          

Figure 4.14 Cumulative representation of NASA TLX parameters with and without distraction 
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Figure 4.15 cumulative score of NASA TLX for all participants 

The participant we discussed above had all the parameters above average level. It was 

seen that her mental demand was 18 and frustration was 17 on a scale of 21. From DBQ 

analysis, it was seen that she has more statements crossed like being impatient while driving, 

failing to notice pedestrians while taking a turn and a few more similar to such activities. These 

observations from DBQ and TLX can give us an insight into why this participant stood out 

from the rest of the participants in terms of having peaks in EDA and HR though she has 

experience and less MSSQ score. 

 

4.3 Insights obtained 

From the study, it could be seen that experience has impact on EDA and HR. Younger drivers 

are inexperienced and are more likely to engage in a risky driving activity. They tend to get 

stressed when distracted and find it challenging to handle the situation. This can be supported 

by the observations from DBQ and NASA TLX. 

The EDA and HR increase as the motion sickness score increases. It is associated with 

the Sympathetic Nervous System (SNS), a part of the Autonomous Nervous system (ANS). 

SNS is responsible for stimulating the body for a fight-or-flight response. From the literature, 
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it is known that motion sickness affects physiological factors. Therefore, HR increases as a 

response from SNS to overcome the situation. The same applies to EDA as well. 

The physiological responses like heart rate, sweating, and digestion come under ANS. 

This regulates and coordinates the activities that are involuntary or have no control and are 

done without even noticing about it. The SNS, as stated above, controls the reflexes needed for 

emergency situations (flight & fight) where the body needs an alert. Therefore, when the 

participant gets distracted, the SNS activates the survival response by increasing the sweat 

glands' activity and heart rate. This proves why EDA and HR increase in distraction more than 

baseline.  

There is a mild decrease in temperature as the motion sickness score increases because 

motion sickness attenuates the vasoconstrictor response in the skin, which leads to core 

cooling. This increases heat loss and therefore the body temperature decreases.  

           The observations from the questionnaire obtained from the participants show that the 

participants with higher motion sickness tend to have higher values of EDA and HR during 

distracted events. A few exceptional conditions of the participants can be answered from their 

responses obtained through DBQ and TLX. These questionnaires help us know their driving 

behavior history and how the additional distraction tasks would affect them. 

 

  



 

 38 

Chapter 5 

Results and discussion 

The observations from the previous chapter gives us insight about how the physiological 

factors vary with other parameter and also between baseline and distracted measurements. The 

hypothesis can be defined with the observation obtained. Of all three physiological factors, 

EDA and HR has increased during distracted event when compared with baseline. When taking 

experience as the parameter, the EDA and HR decreases with increase in experience. 

Therefore, the null hypothesis and alternative hypothesis for this condition can be stated as: 

H0: EDA and HR are not affected by experience of the participants & HA: EDA & HR are 

significantly affected by the experience of the participants.  

All three physiological factor are affected by MSSQ score which was observed in 

section 4.2.  The null hypothesis for this case would be H0: The physiological factors do not 

change with MSSQ score and the alternative hypothesis would be HA: The physiological 

factors do change with MSSQ score. Other than the parameters discussed above, the results 

obtained through the questionnaires from the participants gives us the behavioral aspects of the 

participants when getting distracted [section 4.3]. 

 

5.1 Results 

There were 42 participants. The experience range of the participants is 5 with a mean of 1.45 

and Standard deviation of about 1.383. Therefore, 68% of the participants have experience of 

1.45±1.383. Most of the participants have 1 year of experience (mode=1). When considering 

MSSQ score, the mean score was 5.143 and most participants have score of 2 (mode=2) but 

the standard deviation was higher. From the Table 5.1 the mean value of EDA and HR are 

higher in distracted event when compared to baseline event. While the mean of temperature is 

less in distracted when compared to baseline.  
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Table 5.1 Descriptive analysis 

The factorial anova for EDA, HR and temperature between their baseline and distracted 

values is shown in Table 5.2 below. The null hypothesis is stated as H0: There is no significant 

difference between the baseline and distracted values of these factors and alternative 

hypothesis is HA: there is significant difference between Baseline and distracted data. The 

result shows that the null hypothesis is accepted for all three physiological factor. 

 

  B.EDA vs D.EDA B.HR vs D.EDA B.Temp vs D.Temp 

F value 1.5535 0.3472 0.5001 

P value 0.2162 0.5573 0.4815 

Table 5.2 Baseline vs Distracted (B-Baseline, D-Distracted) 

 

Then, the ANOVA test is performed for HR, EDA and Temperature with experince, 

considering significance level of α =0.05. The result reveals that HR and Temperature are 

significantly affected by experience (97% and 99%) which can be seen from the effect size in 

Table 5.3. The average value of EDA and HR is also higher for group with less experience. For 

participants with zero experience HR and EDA values are 82.781 and 2.846 respectively which 

decreases down to 70.105 and 1.773 for participants with higher experince of four and five 

years. 
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Experience with   EDA  HR  Temperature  

F value 1.226 2997.651 14207.6 

P value 0.272 3.54E-65 1.14E-93 

Effect size 0.014  0.974 0.994 

Table 5.3 Anova test for experience 

 

When ANOVA test is done for MSSQ score against HR, EDA and temperature, P-

value is ≤ 0.05 for all of them. The effect size is also more for HR and Temperature which can 

be seen from the Table 5.4. 

MSSQ with  EDA HR Temperature 

F value 14.361 2055.22 1219.03 

P value 0.00028 8E-59 5.47E-51 

Effect size 0.149 0.963 0.937 

Table 5.4 : Anova for MSSQ and physiological factors 

 

In order to assess the monotonic relationship between the parameters, Spearman’s Rho 

calculation is done. This test can define the strength and direction of the relationship between 

two parameters. The negative sign of ‘rs’ denotes that there is decrease in trend of the second 

parameter when compared against the first parameter. Table 5.5 shows, with increase in 

Experience the HR and EDA value slightly decreases.  When MSSQ score is considered, the 

spearman’s test shows decreasing trend with Temperature and increasing trend with EDA. 

Spearman’s  

test  

Experience vs HR Experience vs 

EDA    

MSSQ vs HR MSSQ vs EDA MSSQ vs Temp 

‘rs’ value -0.45398 -0.13097 -0.127 0.16792 -0.19740 

P value 0.00253 -0.40839 0.2878 0.42286 0.21112 

Table 5.5 : Spearman's test 
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Hypothesis testing is done with Pearson ‘r’. This can be defined to imply the 

relationship between the independent variables experience and MSSQ and dependent variables 

EDA, HR and Temperature. Pearson’s r test is done to check whether Experience and MSSQ 

have significant relationship with EDA, HR and temperature, in same way as obtained through 

exploration of the data.  

The null hypothesis and alternative hypothesis can be defined. We expect negative 

relationship between experience Vs HR, experience vs EDA and MSSQ vs temperature. 

Therefore, the hypothesis for them can be defined as H0: ρ ≥ 0 & HA: ρ <0.  

At the same time, we expect positive relationship between MSSQ vs EDA and MSSQ 

vs HR. Therefore, the hypothesis for such case is defined as H0: ρ ≤0 & HA: ρ >0. Considering 

significance level, α =0.05, df =41 we get rcrit= 0.304. 

  

Pearson ‘r’ 

test 

Experience vs 

HR 

Experience vs 

EDA 

MSSQ vs 

HR 

MSSQ vs 

EDA 

MSSQ vs 

Temperature 

‘r’ value -0.4347 0.2344 -0.2019 -0.0364 -0.1099 

P value 0.00458 0.1351 0.1995 0.820 0.4880 

Table 5.6 Pearson's test 

 

The ‘- ‘sign indicates the negative correlation between the parameters. From the above 

Table 5.6, it is seen that the experience vs heart rate and MSSQ vs temperature has negative 

correlation. Therefore, the null hypothesis is rejected in these cases.  While other parameters 

have opposite observation which means null hypothesis cannot be rejected. 

When considering the workload of the participants with and without distractions, the 

hypothesis stated was proven with statical significance. This could be seen from the p-values 

in the table below. The P value is ≤ 0.05 for all of them. Therefore, the workload parameters 

are higher for the task with distraction when compared to one without distraction. 
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  Mental physical Temporal  performance effort frustration 

F value 58.6383 5.3698 72.6754 26.2268 44.0914 18.0361 

P value 3.32E-11 0.02298 6.34E-13 1.97E-6 3.17E-9 5.68E-5 

Table 5.7 Anova for Workload with and without distractions 

 

 The first hypothesis between baseline and distracted values of HR, EDA and 

Temperature accepts Null hypothesis since there is not much significant difference. In the 

second hypothesis for Experience and the factors, HR and Temperature accepts Alternative 

hypothesis which shows that experience has correlationship with them, while EDA accepts 

Null hypothesis. For the third hypothesis between MSSQ and factors, HR, EDA and 

Temperature accepts Alternative hypothesis proving that there is correlation between the 

factors and MSSQ score. Finally, when considering Workload with and without distraction, 

the Alternative hypothesis is accepted which shows that there is increase in workload with 

addition of distraction. 

 

5.2 Discussion 

The exploratory analysis on comparing the values of physiological factors during baseline and 

distracted task shows that the EDA and HR increases during distracted task when compared to 

baseline [Section 4.2]. The mean obtained from the data also supports this observation [Table 

5.1]. While the Anova test reveal that they are not statistically significant i.e., there is not much 

significant difference between baseline and distracted values of EDA, HR and Temperature 

among the participants. This not as stated in previous works which says that the Distracted 

values are significantly higher than that of the baseline values. 

 When considering the experience, the exploratory graphs in the section 4.2 show us 

that EDA and HR remains high for the participants with less experience. This is same as 
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expected through the literature review in section 2. It is statistically significant for HR and has 

very less significance when EDA is considered as seen in Table 5.3. 

 The Effect of MSSQ score on EDA, HR and Temperature obtained from exploratory 

analysis [Section 27] remains statistically significant which can be seen in Table 5.4. The EDA, 

HR and Temperature all have P-value ≤0.05, which shows they are statistically significant with 

good effect size. The Literature review of previous works also states that the EDA and HR are 

highly correlated to motion sickness.   

 In order to know the correlation and linearity of physiological factors with experience 

and MSSQ, correlation analysis was done Table 5.6. The result shows that there is negative 

correlationship between HR and experience which is statistically significant as well. The 

workload of the participants also increases with distraction which can be seen in the Table 5.7 

which is again the expected result from the previous studies. 
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Chapter 6 

Conclusion 

The study attempts to know the effect and impact of physiological factors during distracted 

driving among young drivers aged 16-23. The physiological factors like EDA, HR and 

temperature are collected through the E4 empatica Wrist band during a simulator study which 

involves driving in different scenarios with and without distraction. The participants were also 

asked to fill questionnaires before and after the experiment. 

           When these three physiological factors are analysed in terms of baseline and 

distracted values, the exploratory from section 4.2 and descriptive analysis from section 5.1 

shows that  the EDA and HR tend to increase their values during distraction which was 

discussed in literature study [Section 2.1.3]. While their statistical significance remains very 

less. The parameters like age, gender, and experience were considered to evaluate their 

correlations with the EDA and HR. It was observed that the participants with less experience 

had higher values of HR [Section4.2 and 5.1].  

           The MSSQ score has impact on all three physiological factors during exploratory 

analysis [Section4.2]. The MSSQ score, when analysed statistically as in section 5.1, reveals a 

positive relationship with EDA and HR as discussed in the literature [Section 2.1.3] and 

negative relationship with temperature. 

           The DBQ and NASA TLX also give us insight into how the driver behavior and the 

load caused by the distraction are related to it. The participants with higher DBQ have more 

mental demand, temporal demand and frustration, which leads to an increase in HR and EDA 

as a survival response to overcome the distraction, which is activated by the Sympathetic 

Nervous System [Section 4.2 and 4.3]. 

 The insights obtained through the work will be a great consideration while designing a 

distraction mitigation system required for safe driving. 
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6.1 Limitations 

Limitations of this analysis include simulator study & scenarios that are used to collect the 

data. The scenarios used in the study were in good daylight condition and there were only six 

scenarios. While in real life, the distraction may happen at nighttime and also in various other 

scenarios. The data was collected in a realistic environment but in simulator-based scenarios. 

Though there is much prior research done for driver distraction using a simulator, there will 

always be a difference in driver behavior and the way physiological factor varies between real-

time, on-road environment and simulator environment [101]. Therefore, the observations and 

findings discussed in this thesis cannot be generalized. This also varies and relies on the 

instrument or sensor we use to collect data since it determines the quality of the data to be 

analyzed. For example, an important limitation of is that EDA is affected by ambient 

temperature and humidity [56]. 

Another limitation of this thesis would be working on the data which was collected 

already because any additional insights or inputs if needed, cannot be obtained again while 

working. Heart rate variability can also be used in future studies since it measures specific 

changes in time between successive heart rate. Further, trend analysis can be done if the data 

was collected between distracted and non- distracted events. The physiological data could have 

collected for distracted and non-distracted condition of the drivers for a scenario which would 

have given us more insights. Also, getting data from more participants would contribute to 

more accurate results. 

These limitations can be reduced when the study is a naturalistic driving and with better 

sensors to collect quality data, considering more participants in the study and also considering 

various other real-world scenarios, which include nighttime drives, would be much more 

reliable to analyze and implement in advancing automobiles in the real-time world. 

 



 

 46 

6.2 Future works 

The insights from this study can be taken into consideration while designing or developing a 

distraction mitigation system. Distraction mitigation system can include delivery of a gentle 

warning when there are peaks in the physiological factors and when the value of EDA and HR 

is above normal range. By measuring physiological signal an automatic management of non-

critical information system in the vehicle like radio, music player can be done when the driver 

is more distracted than allowed for the environment in which they drive [57][98]. Even 

cellphone calls may be diverted directly to voice mails when the driver is at high stress 

condition.  

A driving simulator study was also conducted to evaluate whether real-time feedback 

on driver’s state can influence the driver’s interaction with distraction causing IVIS. The result 

of this study shows that the feedback about the drivers on their state can actually make a 

positive impact [100]. While thinking about this, we should also make sure that these 

mitigation system doesn’t provide additional distraction or stress to the drivers [98][99]. The 

contract, SAfety VEhicle using adaptive Interface Technology (SAVE-IT) was designed to 

mitigated distraction with effective countermeasures and to enhance the effectiveness of safety 

warning system [56]. The result of this contract shows that the safety warning system can 

significantly reduce the distraction related crashes.  

Therefore, the Impact and effect of the physiological factor plays a major role in 

developing a distraction mitigation system which is considered as the future work of this study. 
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Appendix A 

Questionnaires 

The Questionnaires obtained from the participants before and after study are given below: 
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