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EFFECTS OF TASK LOAD ON SITUATIONAL AWARENESS DURING REAR-END CRASH SCENARIOS - A SIMULATOR STUDY
MAY 2019
RAJIV ACHUTHAN NAIR
B.E., MUMBAI UNIVERISTY, MUMBAI
M.S. I.E.O.R., UNIVERSITY OF MASSACHUSETTS, AMHERST
Directed by: Professor Siby Samuel

Driving under the influence of distraction has been one of the leading causes for a driver’s loss of attention and eventually leading to on-road and off-road crashes. The current driving simulator study investigates the effect of 2 distinct levels of distraction on a drivers’ situational awareness and latent and inherent hazard anticipation. In this study, rear-end crashes were used as the primary crash configuration to target a specific use casecategory of crashes due to distraction. The 2two -levels types of task load used in the experiment was cognitive distraction (mock cell-phone task) & physicalvisual distraction (I-pad task). The participants recruited were in the age group 18-25 years who were used in mixed-design. In the mixed-design, the within-condition is the 4 distraction and 4 no-distraction drives each participant sees.  The between-condition is the 2 groups with the 2 levels of task load mentioned above.Forty-eight young participants aged 18-25 years navigated 8 scenarios each in a mixed subject design with task load (cognitive or visual distraction) as a between subject variable and the presence/absence of distraction representing the within subject variable. All participants drove 4 scenarios with a distraction and 4 scenarios without any distraction. Physiological variables in the form of Heart rate and heart rate variability was collected for each participant during the practice drives and after each of the 8 experimental drives. After the completion of each experimental drive, participants were asked to fill up a NASA TLX questionnaire which quantifies the overall task load experienced by giving it a score between 1 and 100, where higher the scores translates to higher perceived task loadthe load felt. Eye-movements were also recorded for the proportion of latent and inherent hazards anticipated and mitigated for all participants. Standard vehicle data (velocity, acceleration & lane offset) were also collected from the simulator for each participants’ each drive. Results from the experimentAnalysis of data showed that there was a significant difference in velocity, lane offset and task load index scores across the 2 groups (between-subject factors). The vehicle data, heart rate data and TLX data was analyzed using Mixed subject ANOVA. There was also a logistic regression model devised which showed significant effects of velocity, lane offset, TLX scores and age on a participants’= hazard anticipation abilities. The findings do have a major practical implication in reducing drivers’ risk of fatal, serious or near crashes.	Comment by Shannon Roberts: Was there no effect of distraction on heart rate?	Comment by Rajiv Nair: There was no significant effect of distraction on heart rate.
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[bookmark: _Toc5584555][bookmark: _Toc5630324][bookmark: _Toc5658381] INTRODUCTION

There is an increasing number of studies conducted today on young, novice drivers and their behavior during various traffic situations ranging from various instances of car crash situations and effect of distraction on novice driver’s situational awareness. With the advent of autonomous vehicles and becoming more and more accessibleincreased accessibility to the general public, it is more important than ever to identify and address factors affecting drivers’the issue of situational awareness, hazard anticipation and maintaining a very high level of concentration as a novice driver has become a very important issue. Over the past 2 decades, the number of cars ion the average city street has gone up and so has the number of pedestrians. Hence being aware of your surroundings has become a matter of at most importance. Lee et. al. in their paper had suggested that, rear-end crashes has been the reason for 28% of all crashes till date which has resulted in a total delay of 157 million vehicle hours (3). They also said that The study also identified that 60% of these crashes were due to driver inattention. Neyens et. al. suggested in his paper that teenage drivers (16 –19-year-old) have been attributed to mostoverrepresented in rear-end crashes because of their driving behavior, nighttime driving and driving with teenage co-passengers (1). 

In my study I have considered these issues by designing an experiment focusing on teenage young drivers under exposed to 2 different kinds of distraction i.e. cognitive distraction and visual distraction in a rear-end crash scenario. The motive of my experiment is to find if the hazard anticipation and mitigation skills of the novice driver is affected in a scenario were the driver is to be asked to perform a secondary in-vehicle or cognitive task while also performing the primary task of diving to their maximum abilityunderstand the impact of two different types of distraction on young drivers’ hazard anticipation and hazard mitigation abilities in rear end situations using several measures such as vehicle velocity, peak acceleration; physiological measures like heart rate and heart rate variability; eye-tracking data and subjective measures like NASA TLX questionnaire. The cognitive task was is a mock cell-phone task where participants were given 8 to 10 short sentences and were asked to reply by giving the subject and object of the sentence. The participants were given close to 5 seconds to hear, understand and reply to these sentences which mimicked the conversation in a cell-phone call. 	Comment by Shannon Roberts [2]: You studied drivers between the ages of 18-25. Only 18 and 19 year olds are teenagers. A better term for this age group is “young drivers”.	Comment by Siby Samuel: Which two?	Comment by Rajiv Nair: Cognitive and visual distraction (added the same on the report)	Comment by Siby Samuel: Isn’t this a mock cell phone task presented on the speakers to mimic an actual cell phone task in load?
The description here makes it sound otherwise.	Comment by Rajiv Nair: It is. The description is changed accordingly.	Comment by Shannon Roberts: You refer to it as a visual distraction task above. You should remain consistent with the terms throughout. Also, “visual distraction” is probably a better description than “visual distraction”.
where the experimenter will call the participant on their cell phone and say a few sentences and the participant must answer a few questions based on the sentences. The in-vehicle task would was be an I-pad reading task where the participants were t will be asked to read a paragraph from a small text provided to them out loud. After completing their drives, the participants weret will be asked to complete a NASA -TLX questionnaire on the level of difficulty the participant felt while driving the scenarios. The participants were alsoill also be fitted with a heart rate monitor to check any variations in heart rate while driving. This would further help cement my findings in this experiment.

[bookmark: _Toc5584556][bookmark: _Toc5630325][bookmark: _Toc5658382] Situational awareness:	Comment by Shannon Roberts [2]: In general, this section seems to be a bit random in its organization of material, which is probably because you have multiple components to your study. You should think of a better way of outlining this section so it logically flows. Maybe you should group some of these sections together.

Situational Awareness (SA) has had a long-standing relationship with driving related studies and has been very deeply researched over the past 4 decades. Situational awarenessSA is directly influenced by one’s level of attention to relevant driving information which you is perceived from the surroundings. Situational awareness is involves the perception and comprehension of elements in the environment with respect to time and space and get some understanding out of it. Endsley defines situation awareness as the part of driving when the driver is capable of perceivingability of the driver to perceive the world around him/her, understand what the elements in the world around her mean regarding their current state and then decide what needs to be done to carry forward on the same safe pathrequires identifying a plan of action to safety. 

Gugerty et.al. (13) have explained that when a car is travelling at a constant speed under cruise control and enters a higher or lower speed limit area, then manipulating the car’s speed accordingly is a mark of good situational awareness. Matthew et. al.(14) said have explained that there are many more facets to situational awareness and that it incapsulates spatial awareness, identity awareness, temporal awareness and goal awareness. Kaber et.al. summarized in his paper that various types of driving knowledge like navigation knowledge, environment and interaction knowledge is critical for situational awareness (12).  

The best way to gauge a driver’s situational awareness is to check for latent hazard anticipation skills in the driver. Latent hazard anticipation is the element of driving in which the driver is driving, looking at the forward roadway and while doing so encounters various elements in the environment of which few will be part of the scenario just to check for a driver’s situational awareness. The driver will be expected to anticipate hazards, even though these hazards will not be actually present in the scenario. The proportion of hazards anticipated by the driver will translate to a higher or lower level of situational awareness exhibited buy the driver where higher proportion of hazards anticipated would mean a higher level of situational awareness. The situational awareness of a driver also depends upon the experience of a driver (59). In a scenario with or without a hazard, drivers are expected to glance towards the target zone from the near launch zone or far launch zone as shown in Figure 1. The Target zone is the area in the forward roadway where there could be a potential hazard and the launch zone is the area from where the driver must start glancing towards the target zone.  For example, A driver in the simulator cab vehicle is driving on a 2-lane road (in either directions) with a truck parked on the right side 50 meters upstream. There is a crosswalk 2 meters ahead from where the truck is parked. A pedestrian, hidden behind the truck, is waiting to cross the road using the crosswalk. As the simulator cab approaches the truck and the crosswalk, the driver must slow down and glance towards the front of the parked truck to stop for pedestrians.  	Comment by Shannon Roberts: Citation?	Comment by Siby Samuel: Provide an example. 

Include relevant citations.

	Comment by Rajiv Nair: Done.	Comment by Shannon Roberts: According to Microsoft and Google, this isn’t a word. Delete or replace it.	Comment by Rajiv Nair: Switched it to simulator cab.

[image: ]
[bookmark: _Ref530865076][bookmark: _Toc4630372]Figure 1: Launch and target zone for hazard anticipation.



[bookmark: _Toc5584557][bookmark: _Toc5630326][bookmark: _Toc5658383]Impact of in-vehicle devices on driver situational awareness:

We have seen this so many times while waiting at a traffic signal that drivers use their cell phones or are engrossed in an in-vehicle task and at times is are not aware of the signal turning green. There is nothing abnormal in the behavior, but the driver has lost his situational awareness for a few seconds there and subsequent reaction after regaining situational awareness could be sudden and unsafe. This task is also unsafe as you are only having 1 hand on the steering wheel if it’s a hand-held device. Jerome et.al. (15) that one of the central concerns for current day driving is the effects of in-vehicle on driver’s performance and safety. He has stated that cell phone tasks could have a similar effect on the driver’s situational awareness as is speaking to a co-passenger. Cell phone tasks are more unsafe as the caller cannot guide you while driving like a co-passenger and cannot help you visualize the scenario in front of you. Chen et. al. (16) showed in their experiment that the use of a mobile phone while driving can have adverse implications for driving safety. They used 2 groups of participants with and without a secondary task using a cell-phone. They also observed that there was an increased number of missed brake response due to loss of attention.
In another study by Gugerty et. al. (17) found that between 2 in-vehicle tasks: Cell-phone conversation and co-passenger conversation, both the tasks were paced differently. In-Vehicle conversation was much easier for the driver and were spaced much closer, i.e. the conversation was more fluent with few pauseslesser suggesting that they were more in control of the car. Cell-phone conversation on the other hand were seen to be spaced much more apart s i.e. the drivers took longer pauses while on cell-phone conversation suggesting that they were more difficult to the driver while driving. There are many more studies which indicate that there is a slower response to traffic light change while being distracted due to an in-vehicle task. These studies helped me shape my own experiment in a manner that is based on proven facts. In my study I decided to use identify the following 2 types of in-vehicle task for my experiment:	Comment by Shannon Roberts: What does this mean exactly?	Comment by Rajiv Nair: By spacing in conversation, I meant to say that the conversations were either fluent with fewer pauses or less fluent with more pauses and more gaps between words or sentences suggesting the task to be more taxing.
Cell-phone conversation task (Cognitive task).
I-pad reading Task (Visual-manual task).
  
 Hazard anticipation & mitigation: 
Hazard anticipation errors are common among young driver crashes (19). The term ‘hazard anticipation’ is defined as a set of driver behavior that includes (19): 
1) Awareness and knowledge of roadway risks and associated threats to driving safety; 
(2) Visual search that facilitates detection and recognition of elements directly or indirectly contributing to unsafe situations; 
(3) Prediction of emerging and latent hazards based on information from the visual scene; and 
(4) Execution of driving responses to avoid or minimize potential conflicts due to recognized hazards
Hazard anticipation is the measure for situational awareness and we collect data about hazard anticipation using eye-tracking devices by seeing if the participant is or is not glancing towards the target zone. A typical scenario for hazard anticipation is when you have a bi-lane street with 1 lane in either direction. There is a crosswalk 50 meters upstream with a pedestrian crossing sign on both sides of the crosswalk. There is a truck parked in the right lane around 5 meters from the crosswalk. The goal of the experiment is that the driver slows down before reaching the crosswalk and stops completely a few meters from the crosswalk to glance to the right for a pedestrian. If the driver does not anticipate the presence of a pedestrian, then the purpose of the experiment is upheld. In our experiment we tried to use a mix of latent (obscuring vision) hazards and apparent (pedestrians, vehicles joining traffic) hazards to avoid repetition and any learning effects.
 Driver distraction:
While driving, drivers must be able to juggle between primary (driving) task and secondary (using cell-phone, conversing, fiddling with radio, navigation etc.) tasks continually without affecting your driving. Today, drivers are better equipped in dividing their attention among parallel tasks. However, drivers can be, at times, be distracted to an extent that they are unable to allocate enough attention to the primary task. In such circumstances, drivers are not able to manage the secondary task and keep the driving performance at a satisfactory level. Distraction can be of any kind and can voluntarily or involuntarily affect a driver’s performance to the extent that the driver is no longer able to perform the task adequately enough to sustain. Typically, distraction is bifurcated into 4 kinds (38): 
Visual
Auditory
Biomechanical
Cognitive
In our experiment we used Visual distraction and a Cognitive distraction as our 2 task groups. Our main goal was to establish a distinct difference in performance across the 2 task groups and arrive at a conclusion that cognitive tasks put the driver under a higher task load and hence deteriorate their driving performance more. According to Wickens’ multiple resource theory, assuming that driving is primarily a visual task, tasks that have visual inputs and require a manual response should affect 

[bookmark: _Ref523077569][bookmark: _Toc5584558][bookmark: _Toc5630327][bookmark: _Toc5658384]NASA TLX questionnaire:

The TLX questionnaire is a subjective workload assessment technique that relies on a multidimensional construct to finally give an overall score to a participant based on a weighted average of ratings on six subscales: mental, physical, temporal demands, performance effort and frustration level. The presence of 6 levels of ratings reduces variability among subjects (21). Eggemeier in 1993 (20) said that workload assessment methods should have the following traits i.e. selectivity, sensitivity, diagnostic capabilities, reliability, low intrusiveness and ease of implementation. NASA TLX covers all the above criteria (1). The NASA TLX has been used in multiple fields in research studies involving long hours of driving, distracted driving, use of in-vehicle devices while driving, evaluation of visual and auditory displays and virtual/augmented vision. 
Studies have also established a relationship between NASA TLX scores and performance affecting factors like fatigue (23), stress (24) and situational awareness (27). Studies have also shown that the NASA TLX tends to be favored most by subjects when compared with other subjective workload techniques (SWAT, Carl Hooper Scale) (25). In this experiment, the questionnaire was given to participants after each of the 8 drives. The aim was to find out whether the subject felt higher or lower workload during certain drives under certain conditions. The data we recorded was the final rating we recorded from the participant at the end of the questionnaire. This value showed the impact of all the 6 sublevels in the questionnaire and also which factor had the highest impact on the participant.


[bookmark: _Toc5584559][bookmark: _Toc5630328][bookmark: _Toc5658385]Physiological data:

Heart rate data gives us an insight in to impact of workload on the participants driving performance and the ability to deal with increased levels of stress while driving. Literature on the relationship between heart rate and driving performance has always been a mixed bag. Brookhuis and De waard (26) found that an increase in heart rate was observed with an increase in task demand while driving and a decrease was observedd when demand was lower. Heart rate data was selected to estimate cognitive workload complexity while driving (28). On the other hand, Lennenman et al found that simulated driving performance did not degrade with increase in work load and heart rate. 	Comment by Shannon Roberts [2]: There is also quite a bit of research indicating that heart rate is extremely difficult to analyze in driving situations. You should report some of that literature here.	Comment by Rajiv Nair: Added the same.
In a simulator study in Essen, Germany by (30), it was found that heart rate and skin conductance detected variations in workload prior to a clear decrement in driving performance. A gradual decrease in performance was only recorded when the secondary task was of the highest level i.e. extremely difficult. As you can seecan be noted from above research, the findings have been irregular and hence it became a very interesting data point for me to look at on my study. My focus was on to find outwas important to study if there was any major effect ofvariability in heart rate on the subjects driving performance and does the change in heart rate align with the NASA TLX ratings the subjects give after every driveas a function of distraction type.

Each participant will be fitted with a heart rate monitor, under their chest on their rib cage. The data that will be collected will be for a time period of 10- seconds prior to participants seeing the scenario, 60 seconds during the scenario and 10 seconds after the scenario passes in each drive. Scenario here is referred to as the situation during each drive where the participants have to simultaneously drive as well as perform their secondary task and also scan for latent and apparent hazards in the simulator world.
[bookmark: _Toc5584561][bookmark: _Toc5630330][bookmark: _Toc5658387]Driver age group & experience:

As a group, ages 16-19 have shown the most potent risk to accidents more than any other age group (31). Most of the literature on the per-mile non-fatal accident rate of a young driver in this age group is considered to be almost 10 times of that of adults. A lot of the literature on young drivers, typically classes as drivers below the age of 25, show similar crash trends and driving behaviors as the 16-19-year group (32); (33). Accident rates vary with driving experience and maturity i.e. age. Research has also shown that there is a drop in accidents after an initial 6-18 month period of licensure on an average across all driving age groups. Young drivers under the influence of distraction are more likely to take riskier decisions while driving and also miss out on visual cues while doing so. As young drivers begin to increasingly gain more experience, they are also increasingly more prone to crash related risks induced by driver distraction from inside or outside the vehicle (34). This is due to over-estimation of their own driving ability and decision-making acumen while indulging in the use of hand held devices (35). As we see that a very specific age group of drivers (18-24 years) over-represent the crash statistics pertaining to driver distraction and its effect of driving performance, we chose this as our target population in the experiment (38). Through this experiment, we wanted to the observe the effects of the 2-levels of tasks on the participant and also the task load felt by the participant while performing the task, which would convey the effects on their driving performance. 


[bookmark: _Toc5584562][bookmark: _Toc5630331][bookmark: _Toc5658388]Objectives and Hypotheses: 

The objective of this simulator study was to find the following things: 
Impact on teen drivers stress levels in the presence of cognitive and or visual distraction
Would young drivers anticipate and mitigate latent hazards better while under distraction or no-distraction by regulating vehicle measures?
Impact on teen drivers’ situational awareness in cognitive and visual distraction groups?

whether the situational awareness of a young driver is impacted by the presence of cognitive distraction or visual distraction in rear-end crash configuration. The added goal is to find whether the young driver is able to anticipate latent hazards in the virtual world by reducing speed and maintaining lateral position while performing the distraction task. Situational awareness will be measured by proportion latent hazards anticipated.
The following hypotheses were generated based upon previous research on distracted driving and varying task loads.

Hypothesis 1:  = Participants in cognitive distraction group  will anticipate and mitigate a greater proportion of hazards as compared to participants in visual distraction group.

Hypothesis 2 :  Participants in cognitive distraction group will drive at a higher velocity and maintain lane offset better as compared to participants in visual distraction group.

Hypothesis 3:  Participants in visual distraction group will have a higher heart rate and a higher TLX score among the 2 distraction groups.





CHAPTER 2




[bookmark: _Toc5584563][bookmark: _Toc5630332][bookmark: _Toc5658389]METHOD

[bookmark: _Toc5584564][bookmark: _Toc5630333][bookmark: _Toc5658390]Participants:

In this study we recruited a total of 521 participants between  the  age  of  18  to  25  with  full  approval  ffrom  the  UMmass  Amherst I IRB, out of which 87 were pilot participants and 44 were experimental participants. Out of those 44 participants, data from 4 participants were omitted due to simulator sickness & incompletion of drives. All participants were recruited from University of Massachusetts, Amherst. Participants with glasses and prone to motion sickness were asked to avoid participating in the study. Group  1  with  Mock  Cell-phone  task  had  a  mean  age  of  19.62  years  (SD  =0.92)  and  a  mean  driving  experience  of  2.85  years  (SD  =  1.18). Group  2  with  I-pad reading task had  a  mean  age  of  20.22
years  (SD  =  1.73)  and  a  mean  driving  experience  of  3.71  years  (SD  = 2.01). All participants were monetarily compensated for their participation. 

[bookmark: _Toc5584565][bookmark: _Toc5630334][bookmark: _Toc5658391]Apparatus:

The driving simulator at University of Massachusetts, Amherst is used for this simulator study. It is an RTI (Realtime Technologies Inc.) fixed based state-of-the-art simulator with a full-body 2013 model Ford Fusion Sedan. It has 5 screens in the front and 1 rear screen which gives a total field of view 3300. Five main projectors and 1 rear projector was used. The main projectors had a resolution 1920 x 1200 pixels and rear projectors had resolution 1400 x 1050 pixels and refresh rate of 60 Hz. The sedan has a 5-speaker surround system plus a sub-woofer for exterior noise, and a 2-speaker + sub-woofer system for interior vehicle noise. The simulator cab also has a 17-inch touchscreen center stack which is programmable externally. 
[image: C:\KrishnaValluru\UMass Amherst\Spring 2018\HP Lab Spring 2018\THESIS RELATED\Desktop Screenshots\IMG_3246 - edit.JPG]
[bookmark: _Toc4630373]Figure 2: Fixed based 2013 Ford Fusion Simulator Cab at UMass Amherst
A portable head mounted ASL Mobile Eye XG eye-tracker was used to record drivers’ eye movement for hazard anticipation. The eye-tracker refreshes at a frequency of 30 Hz and a visual range of 500 in horizontal direction and 400 in the vertical direction. The eye-tracking videos from the eye-tracker was used to determine whether the participant glanced at the target zone from the launch zone.	Comment by Shannon Roberts [2]: You should define what these terms are.	Comment by Rajiv Nair: Added definition for these terms in section 1.1
Apart from this, a Zephyr Heart-Rate monitor (HRM) was also used to track a participant’s heart rate during the experimental drives and also capture any variations during a near-crash or rear-end crash event. The HRM records data at a rate of 60Hz per minute and was worn by participants on their chest during the practice drives and the 8 experimental drives. 	Comment by Siby Samuel: More information should be provided on the heart rate monitor such as frequency of data collection	Comment by Rajiv Nair: Added the same

[bookmark: _Toc5584566][bookmark: _Toc5630335][bookmark: _Toc5658392]Simulator Scenarios:

The eight baseline scenarios were developed using Sim Vista v3.2. 2 versions of the eight scenarios were made:

	No.
	Name
	Description
	Picture

	1
	4WAY2LANE
	Truck (Hidden from view) joins the road way from the right and turns right at the intersection. At the intersection, a car turns into your lane and is hidden as the truck turns in front of you.
	[image: ]

	2
	APEXTURN
	Car joins from the right and maintains a headway of 10m. At the apex of the curve, a pedestrian intends to cross the road and the headway car comes to halt suddenly.
	[image: ]

	3
	BICYCLIST
	Simulator cab travels straight to a T- intersection and continues straight as the traffic lights turn green. Bicyclist joins into your lane at the T-intersection.
	[image: ]

	4
	CONSTRUCTION
	Simulator cab moves straight leading up to a 4-way intersection. As simulator cab passes by a construction zone on the left, a truck moves into your lane and stops at a midblock crosswalk for a pedestrian before the intersection.
	 [image: ]

	5
	PARKED CAR
	Simulator cab moves straight on a 2-lane road. An SUV joins from the right into your lane and continues ahead. A parked car (with right indicator on) moves in to your lane suddenly as the SUV passes it.
	[image: ]

	6
	SCHOOL BUS
	Simulator cab moves ahead on a straight 2 lane road. A car joins your lane from the right and moves ahead. A school bus is stopping at a bus stop just ahead of a crosswalk and a student walks on the crosswalk as the car in front stops suddenly.
	[image: ]

	7
	STROLLER
	Simulator cab moves ahead on a 2-lane road. A car joins your lane from the right and continues to move ahead and stops suddenly at a midblock crosswalk where a child and his mother are crossing the road.
	[image: ]

	8
	TRUCK CROSSWALK
	Simulator cab turn right at a T-intersection and continues to move ahead. There is a parking lot on the right with 2 trucks hiding a few cars behind it and one of them joins your lane. The car in front continues to move ahead and stops at a midblock crosswalk. A pedestrian hidden behind a truck crosses the road.
	[image: ]


[bookmark: _Toc530787000]Table 1. Hazard anticipation scenarios
	No.
	Name
	Hazard
	Description
	Picture

	1
	4WAY2LANE
	LHA
	Truck (Hidden from view) joins the road way from the right and turns right at the intersection. At the intersection, a car turns into your lane and is hidden as the truck turns in front of you.
	[image: ]

	2
	APEXTURN
	LHA
	Car joins from the right and maintains a headway of 10m. At the apex of the curve, a pedestrian intends to cross the road and the headway car comes to halt suddenly.
	[image: ]

	3
	BICYCLIST
	HA
	Simulator cab travels straight to a T- intersection and continues straight as the traffic lights turn green. Bicyclist joins into your lane at the T-intersection.
	[image: ]

	4
	CONSTRUCTION
	HA
	Simulator cab moves straight leading up to a 4-way intersection. As simulator cab passes by a construction zone on the left, a truck moves into your lane and stops at a midblock crosswalk for a pedestrian before the intersection.
	 [image: ]

	5
	PARKED CAR
	LHA
	Simulator cab moves straight on a 2-lane road. An SUV joins from the right into your lane and continues ahead. A parked car (with right indicator on) moves in to your lane suddenly as the SUV passes it.
	[image: ]

	6
	SCHOOL BUS
	HA
	Simulator cab moves ahead on a straight 2 lane road. A car joins your lane from the right and moves ahead. A school bus is stopping at a bus stop just ahead of a crosswalk and a student walks on the crosswalk as the car in front stops suddenly.
	[image: ]

	7
	STROLLER
	HA
	Simulator cab moves ahead on a 2-lane road. A car joins your lane from the right and continues to move ahead and stops suddenly at a midblock crosswalk where a child and his mother are crossing the road.
	[image: ]

	8
	TRUCK CROSSWALK
	HA
	Simulator cab turn right at a T-intersection and continues to move ahead. There is a parking lot on the right with 2 trucks hiding a few cars behind it and one of them joins your lane. The car in front continues to move ahead and stops at a midblock crosswalk. A pedestrian hidden behind a truck crosses the road.
	[image: ]


Table 1:Hazard anticipation scenarios



Hazard anticipation were unique across all 8 scenarios. Some scenarios had latent hazards, and some had apparent hazards. Before participants reached the hazard, they were provided with cues to alert them about the imminent hazard ahead. Figure 3, Figure 4 and Figure 5 show the signs of the cues ahead in the scenarios.	Comment by Shannon Roberts: Can you indicate which scenarios have a latent versus apparent hazard in table 1?	Comment by Rajiv Nair: Added a column in the table.
[image: ]
[bookmark: _Toc4630374]Figure 3: Pedestrian and Construction zone Cue sign
[image: ]
[bookmark: _Toc4630375]Figure 4: School Zone ahead sign
[image: ]
[bookmark: _Toc4630376]Figure 5: Bicyclist Ahead sign

[bookmark: _Toc5584567][bookmark: _Toc5630336][bookmark: _Toc5658393]Task Description:

In this study, we incorporated 2 tasks, 1 in each of the countermeasure groups. These tasks were to test the participant under 2 levels of task load and observe the effect on their driving performance and hazard anticipation capabilities. We also used a NASA TLX questionnaire to quantify the task load the participant felt while driving and performing the task simultaneously as well as while driving without any task load i.e. drives under no distraction.
The tasks are explained below:
Task 1 – Group 1:
In Group 1, Participants will drive 4 scenarios under distraction and 4 under no distraction. The drives under distraction will see each participant perform a task which replicates a cell-phone conversation, i.e. listening to a question and replying to the same. During the drives, a participant will hear a beep about 20 seconds in to the duration of the drive. This beep signals the beginning of the task. Each participant will listen at least 10 audio files on the speaker for 5 seconds. Each audio file will be 3 words long and the participant needs to reply with a subject and object of the sentence as well as whether or not the sentence makes any logical sense. For e.g. Response to sentence “Car turned a corner” would be “Subject = Car, Object = Corner, Yes, it makes sense” and response to sentence “George sat on a cloud” would be “Subject = George, Object = Cloud, No, it does not make sense”

Task 2 – Group 2: 
In Group 2, Participants will drive 4 scenarios under distraction and 4 under no distraction like group 1. The drives under distraction will see each participant perform a task which replicates a cell-phone text reading task, i.e. taking your eyes off the forward roadway and reading task while continuing to drive simultaneously. During the drives, a participant will hear a beep about 20 seconds in to the duration of the drive. This beep signals the beginning of the task. Each participant will read one paragraph on the iPad in each of their four distraction drives. The length of the paragraph is 20 to 30 sentences. The participant is instructed to read as much as they can while driving safely through the simulator environment.
[image: ]
[bookmark: _Toc4630377]Figure 6: Example of the reading task given to the participants


[bookmark: _Toc5584568][bookmark: _Toc5630337][bookmark: _Toc5658394]Experimental Design:

The experiment had a 2 x 2 factorial mixed subject design. The design had 2 between subject conditions (distraction groups) and 2 within subject conditions (treatment and control). The two distraction groups in the study were Mock Cell-phone (Group 1) group and I-pad (Group 2) group. Each participant was randomly assigned to either of these groups. The within subject factors in the study were Distraction (treatment) and No-Distraction (Control). Each participant completed 8 drives during the experiment, out of which 4 were in treatment condition based on the group they were in i.e. either cell-phone group or I-pad group, and 4 drives in control condition. We opted for a mixed subject design as it allowed us to test participants across all scenarios in each of the 2 between subject conditions. 

[bookmark: _Toc5584569][bookmark: _Toc5630338][bookmark: _Toc5658395]Design Features:

The following table shows the experimental design in a tabular form. The condition column shows the counterbalanced order of treatment (ABBA) which each participant sees. Here the “A” corresponds to “Distraction” and “B” corresponds to “No-Distraction”.

	
	Mixed subject design

	
	
	

	
	Within subject factors
	Between subject factors

	
	
	

	Scenarios
	Condition  
(ABBA)
	Type of distraction & task performed (y/n)

	
	
	

	
	
	Group 1
	Group 2

	
	
	Cell
	In - vehicle

	1
	Distraction
	✔️
	✔️

	2
	No distraction
	✘
	✘

	3
	No distraction
	✘
	✘

	4
	Distraction
	✔️
	✔️

	5
	Distraction
	✔️
	✔️

	6
	No distraction
	✘
	✘

	7
	No distraction
	✘
	✘

	8
	Distraction
	✔️
	✔️


[bookmark: _Toc530787001]Table 2: Mixed Subject Design


	
Counterbalancing Method:

In this experiment, we used 2 types of counterbalancing methods: 
We used a combination of 2-counterbalancing methods:

Latin Square method: 

The 8 scenarios in the experiment were denoted by eight alphabets from A-H. All the drives were counter balanced using Latin Square method (LSM). LSM allows for control over order effects which makes sure each scenario occurs only once for each participant. In table 2, we can see the eight scenarios and the corresponding eight alphabets used to denote in Table 3,
	Scenario
	Name

	A
	4-way 2-lane

	B
	Apex turn

	C
	Bicycle

	D
	Construction

	E
	Parked car

	F
	School bus

	G
	Stroller scenario

	H
	Truck crosswalk


	   Table 3: Scenarios and their names
In Table 4, we can see the use of Latin square counterbalancing used for the eight drives in the experiment. The leftmost column lists the participant number in order in the two groups and the corresponding drives they saw in the eight drive positions.  For reducing learning bias in the experiment, participants always encountered a distraction drive at the 1st, 4th, 5th and 8th drive positions and a control condition drive i.e. no distraction drive in the 2nd, 3rd, 6th and 7th drives. This counterbalancing is explained in section 2.5.1 where we can see the use of block randomization.



	 Presence or Absence of Distraction	Comment by Shannon Roberts: In the caption for this table, you should indicate what the highlighting means.	Comment by Rajiv Nair: Done.
	D
	ND
	ND
	D
	D
	ND
	ND
	D

	PARTICIPANTS          DRIVE POSITION 
	1
	2
	3
	4
	5
	6
	7
	8

	Group 1-             1	Comment by Shannon Roberts: Did you run all of the cell phone participants first and then the iPad participants? If so, there is an ordering effect…	Comment by Rajiv Nair: They were run randomly assigned to either groups, but I used the same order of the Latin square as shown here.
	A
	B
	H
	C
	G
	D
	F
	E

	2
	B
	C
	A
	D
	H
	E
	G
	F

	3
	C
	D
	B
	E
	A
	F
	H
	G

	4
	D
	E
	C
	F
	B
	G
	A
	H

	5
	F
	G
	E
	H
	D
	A
	C
	B

	6
	G
	H
	F
	A
	E
	B
	D
	C

	7
	H
	A
	G
	B
	F
	D
	E
	C

	8
	A
	B
	G
	C
	F
	D
	H
	E

	9
	B
	C
	H
	D
	G
	E
	A
	F

	10
	C
	D
	A
	E
	H
	F
	B
	G

	11
	D
	E
	B
	F
	A
	G
	D
	H

	12
	E
	F
	C
	G
	B
	H
	C
	A

	13
	F
	G
	D
	H
	C
	A
	E
	B

	14
	G
	H
	E
	A
	D
	B
	F
	C

	15
	H
	A
	F
	B
	E
	C
	G
	D

	16
	A
	B
	F
	C
	E
	D
	G
	H

	17
	B
	C
	G
	D
	F
	E
	H
	A

	18
	C
	D
	H
	E
	G
	F
	A
	B

	19
	D
	E
	A
	F
	H
	G
	B
	C

	20
	E
	F
	B
	G
	A
	H
	C
	D

	Group 2-            21
	A
	B
	H
	C
	G
	D
	F
	E

	22
	C
	D
	B
	E
	A
	F
	H
	G

	23
	D
	E
	C
	F
	B
	G
	A
	H

	24
	E
	F
	D
	G
	C
	H
	B
	A

	25
	G
	H
	F
	A
	E
	B
	D
	C

	26
	H
	A
	G
	B
	F
	C
	E
	D

	27
	A
	B
	G
	C
	F
	D
	H
	E

	28
	B
	C
	H
	D
	G
	E
	A
	F

	29
	C
	D
	A
	E
	H
	F
	B
	G

	30
	D
	E
	B
	F
	A
	G
	D
	H

	31
	E
	F
	C
	G
	B
	H
	C
	A

	32
	F
	G
	D
	H
	C
	A
	E
	B

	33
	G
	H
	E
	A
	D
	B
	F
	C

	34
	H
	A
	F
	B
	E
	C
	G
	D

	35
	A
	B
	F
	C
	E
	D
	G
	H

	36
	B
	C
	G
	D
	F
	E
	H
	A

	37
	C
	D
	H
	E
	G
	F
	A
	B

	38
	D
	E
	A
	F
	H
	G
	B
	C

	39
	E
	F
	B
	G
	A
	H
	D
	D

	40
	F
	G
	C
	H
	B
	A
	C
	E


[bookmark: _Ref5618382][bookmark: _Toc530787003]Table 4: Latin Square counterbalancing method used for both distraction groups (Highlighted drives in yellow are the drives in which participants had to perform the distraction task).

In Table 5, we see the four paragraphs given to participants in group 2 denoted by the numbers. The order of these paragraphs was pseudo randomized by using Latin square method as seen in Table 6. As seen in table 6, participants had to perform these tasks only on 1st, 4th, 5th and 8th drives as these drives were to be driven in the distraction condition.

	Number 	Comment by Shannon Roberts: Can you provide the text for each paragraph in the appendix?	Comment by Rajiv Nair: Done.
	Paragraph Name

	1
	Earth's Cretaceous Period

	2
	Snow Leopard

	3
	Newsvendor Problem

	4
	Apple's Stock


[bookmark: _Toc530787004]Table 5: List of Paragraphs used as distraction task in group 2.
                 
	   
	Participant     Distracted Drives	Comment by Shannon Roberts: Did you have to do a similar sort of counterbalancing for the cell phone (cognitive) task?	Comment by Rajiv Nair: The cell-phone task had no counterbalancing matrix. We had 1 audio file of all the sentences played one after the other spaced 3 to 4 seconds apart from each other.
	D
	D
	D
	D

	
	1
	4
	5
	8

	1
	1
	2
	4
	3

	2
	2
	3
	1
	4

	3
	3
	4
	2
	1

	4
	4
	1
	3
	2

	5
	1
	2
	4
	3

	6
	2
	3
	1
	4

	7
	3
	4
	2
	1

	8
	4
	1
	3
	2

	9
	1
	2
	4
	3

	10
	2
	3
	1
	4

	11
	3
	4
	2
	1

	12
	4
	1
	3
	2

	13
	1
	2
	4
	3

	14
	2
	3
	1
	4

	15
	3
	4
	2
	1

	16
	4
	1
	3
	2

	17
	1
	2
	4
	3

	18
	2
	3
	1
	4

	19
	3
	4
	2
	1

	20
	4
	1
	3
	2


     		
[bookmark: _Toc530787005]Table 6: I-pad reading task counterbalanced for G2


[bookmark: _Toc5584571][bookmark: _Toc5630340][bookmark: _Toc5658397]Data Collection:

Data collection in this project was done using the driving simulator (vehicular data), ASL XG eye-tracker (eye-tracking data), Zephyr heart rate monitor (Heart rate data) and a NASA TLX questionnaire (task load index). Vehicular data was collected by placing data markers at 2 positions in each drive to collect data for a specific section of the drive. Eye-tracking data was collected using the eye-tracker and the data will be binary coded by 2 separate coders to validate the data collected. Heart rate data was collected using the heart rate monitor and was analyzed using the timestamp on the laptop containing monitor software. NASA TLX questionnaire was coded by calculating the average score per participant for each drive.	Comment by Shannon Roberts: Everything should be in past tense since you completed the experiment.




[bookmark: _Toc5584572][bookmark: _Toc5630341][bookmark: _Toc5658398]Procedure:	Comment by Siby Samuel: Here is some guidance on the appropriate sequencing for a method section

Participants
Apparatus
Simulator Scenarios
Secondary Tasks
Experimental Design
Data Collection
Procedure
Dependent Measures & Statistical Analyses
	Comment by Rajiv Nair: Arranged it accordingly	Comment by Shannon Roberts [2]: This section belongs at the end of the methods section, after you have explained the details of your experiment.

All participants were assigned randomly to either of the 2 distraction groups. Participants are then asked to read and sign an informed consent from. Later the participants are requested to wear a zephyr heart rate monitor placed on an elastic belt that fits them. The ASL XG eye-tracker is placed on the participants head and the monocle is adjusted for calibration. After calibrating the eye-tracker using a 9-point calibration image, participants are asked to drive a practice scenario to get familiar with the simulator environment. Every participant sees the same practice scenario. Participants are also asked to inform the student researcher in case they feel dizzy or motion sick.
Participants are then asked to drive the eight experimental drives. 
After each drive, participants are asked to fill up a NASA TLX questionnaire (task load index) which takes approximately 4mins each time. If a participant feels dizzy during the experiment (partial completion), the simulation is stopped immediately, and the participant is allowed to step-out from the simulator cab and is given refreshments. The event is updated in the simulator sickness log and the participant is given partial remuneration. After completion of eight drives (experiment completed), eye-tracker and heart rate band are taken off from the participant and they are given 2 minutes to adjust back after the simulations. Finally, participants are asked to fill up a simulator-sickness questionnaire, post-study questionnaire and a payment voucher for participation. The participant is then paid the remuneration in full for successful completion.

[image: ]
[bookmark: _Toc4630378]Figure 7: 9 - point eye-calibration image 
[image: ]

[bookmark: _Ref4512658][bookmark: _Toc4630379] Figure 8: Procedure process diagram

We see above in Figure 8 the complete process used in the execution of the experiment.

[bookmark: _Toc5584573][bookmark: _Toc5630342][bookmark: _Toc5658399]Independent & Dependent Variables:

Independent Variable:
Independent variables are the treatment conditions randomly assigned to participants `and participants’ demographics.
Independent variables in the study are:
Treatment condition (presence or absence of distraction condition): 	Comment by Shannon Roberts: What about the type of distraction? That is also an independent variable.

What about the 8 experimental drives? That is also an independent variable.
Distraction drives
No-distraction drives
Demographics:	Comment by Shannon Roberts: Since you don’t actually analyze these, you should remove them.	Comment by Rajiv Nair: I used Gender in the Logistic regression model.
Age of participant
Gender of participant
Driving experience of participant



Dependent Variable:
There are 6 dependent variables in this study i.e. proportion of LHA and HA anticipated, standard deviation of velocity and lane offset and peak acceleration, heart rate and task load index.




	Eye tracking
	Vehicle measures
	Physiological measures
	Subjective measures

	Proportion of LHA and HA anticipated
	Std. Dev. Velocity 
Peak Acceleration
Std. Dev. Lane Offset
	Heart rate (BPM)
	NASA TLX questionnaire


[bookmark: _Toc530787006]Table 7: Dependent variables.


Objectives and Hypotheses: 
The objective of this simulator study was to find whether the situational awareness of a young driver is impacted by the presence of cognitive distraction or physical distraction in rear-end crash configuration. The added goal is to find whether the young driver is able to anticipate latent hazards in the virtual world by reducing speed and maintaining lateral position while performing the distraction task. 
The following hypotheses were generated based upon previous research on distracted driving and varying task loads.
H0 = Participants in group 1 (G1) will anticipate and mitigate a higher number of hazards as compared to participants driving in group 2 (G2). 
H1 = Novice drivers under distraction would anticipate and mitigate much less hazards as compared to novice drivers driving under no distraction. 
H2 = Participants in G2 will drive at a lower average velocity as compared to participants in G1, will have a higher heart rate and a higher TLX score among the 2 groups (G2 and G1).

Participants:
In the study we recruited a total of 51 participants all between the age of 18 to 25 with full approval from the Umass Amherst IRB, out of which 7 were pilot participants and 44 were experimental participants. Out of those 44 participants, data from 4 participants were omitted due to simulator sickness & incompletion of drives. All participants were recruited from University of Massachusetts, Amherst. Group 1 with Cell-phone task had a mean age of 19.62 years (SD =0.92) and a mean driving experience of 2.85 years (SD = 1.18). Group 2 with I-pad reading task had a mean age of 20.22
years (SD = 1.73) and a mean driving experience of 3.71 years (SD = 2.01). All participants monetary compensations for participation.
Apparatus:
The driving simulator at University of Massachusetts, Amherst is used for this simulator study. It is a RTI (Realtime Technologies Inc.) fixed based state-of-the-art simulator with a full-body 2013 model Ford Fusion Sedan. It has 5 screens in the front and 1 rear screen which gives a total field of view 3300. Five main projectors and 1 rear projector was used. The main projectors had a resolution 1920 x 1200 pixels and rear projectors had resolution 1400 x 1050 pixels and refresh rate of 60 Hz. The sedan has a 5-speaker surround system plus a sub-woofer for exterior noise, and a 2-speaker + sub-woofer system for interior vehicle noise. The simulator cab also has a 17-inch touchscreen center stack which is externally programmable. 
[image: C:\KrishnaValluru\UMass Amherst\Spring 2018\HP Lab Spring 2018\THESIS RELATED\Desktop Screenshots\IMG_3246 - edit.JPG]
Figure 1: Fixed based 2013 Ford Fusion Simulator Cab at UMass Amherst
A portable head mounted ASL Mobile Eye XG eye-tracker was used to record drivers’ eye movement for hazard anticipation. The eye-tracker refreshes at a frequency of 30 Hz and a visual range of 500 in horizontal direction and 400 in the vertical direction. The eye-tracking videos from the eye-tracker was used to determine whether the participant glanced at the target zone from the launch zone.
Apart from this, a Zephyr heart-rate monitor was also used to check for a participant’s heart rate during the experimental drives and also capture any variations during a near-crash or rear-end crash event.
Procedure:
All participants were assigned randomly to either of the 2 countermeasure groups. Participants are then asked to read and sign an informed consent from. Later the participants are requested to wear a zephyr heart rate monitor placed on an elastic belt that fits them. The ASL XG eye-tracker is placed on the participants head and the monocle is adjusted for calibration. After calibrating the eye-tracker using a 9-point calibration image, participants are asked to drive a practice scenario to get familiar with the simulator environment. Every participant sees the same practice scenario. Participants are also asked to inform the student researcher in case they feel dizzy or motion sick.
Participants are then asked to drive the 8 experimental drives. 
After each drive, participants are asked to fill up a NASA TLX questionnaire (task load index) which takes approximately 4mins each time. If a participant feels dizzy during the experiment (partial completion), the simulation is stopped immediately, and the participant is allowed to step-out from the simulator cab and is given refreshments. The event is updated in the simulator sickness log and the participant is given partial remuneration. After completion of 8 drives (experiment completed), eye-tracker and heart rate band are taken off from the participant and they are given 2 minutes to adjust back after the simulations. Finally, participants are asked to fill up a simulator-sickness questionnaire, post-study questionnaire and a payment voucher for participation. The participant is then paid the remuneration in full for successful completion.

[image: ]
Figure 2: 9 - point eye-calibration image 

Experimental Design:
The experiment had a 2 x 2 factorial mixed subject design. The design had 2 between (Countermeasures) subject conditions and 2 within (Experimental and Control) subject conditions. 
The 2 countermeasures in the study were Cell-phone (Group 1) task and I-pad (Group 2) task. Each participant was randomly assigned to either of these groups. The within subject factors in the study were Distraction (Experimental) and No-Distraction (Control). Each participant completed 8 drives during the experiment, out of which 4 were in experimental condition based on the group they are in i.e. either cell-phone group or I-pad group, and 4 drives in control condition. We opted for a mixed subject design as it allowed us to test participants across all scenarios in each of the 2 between subject conditions. 
Design Features:
The following table shows the experimental design in a tabular form. The condition column shows the counterbalanced order of treatment (ABBA) which each participant sees. 

	
	Mixed subject design

	
	
	

	
	Within subject factors
	Between subject factors

	
	
	

	Scenarios
	Condition 
(ABBA)
	Type of distraction & task performed (y/n)

	
	
	

	
	
	Group 1
	Group 2

	
	
	Cell
	In - vehicle

	1
	Distraction
	✔️
	✔️

	2
	No distraction
	✘
	✘

	3
	No distraction
	✘
	✘

	4
	Distraction
	✔️
	✔️

	5
	Distraction
	✔️
	✔️

	6
	No distraction
	✘
	✘

	7
	No distraction
	✘
	✘

	8
	Distraction
	✔️
	✔️


Table 1: Mixed Subject Design
	
 Counterbalancing Method:
In this experiment, we used 2 types of counterbalancing methods:
2.5.2.a Latin Square method: 
The 8 scenarios in the experiment were denoted by 8 alphabets from A-H. All the drives were counter balanced using Latin Square method (LSM). LSM allows for control over order effects which makes sure each scenario occurs only once for each participant. The same method was also used to randomize the I-Pad reading task in Group 2 (G2).
	Scenario
	Name

	A
	4-way 2-lane

	B
	Apex turn

	C
	Bicycle

	D
	Construction

	E
	Parked car

	F
	School bus

	G
	Stroller scenario

	H
	Truck crosswalk


	   Table 2: Scenarios and their names
		
		
	Participant 
	1 
	4 
	5 
	8 

	 1
	1
	2
	4
	3

	2
	2
	3
	1
	4

	3
	3
	4
	2
	1

	4
	4
	1
	3
	2

	5
	1
	2
	4
	3

	6
	2
	3
	1
	4

	7
	3
	4
	2
	1

	8
	4
	1
	3
	2


Table 3: I-pad reading task counterbalanced for G2

2.5.2.b Block Randomization (ABBA):
Block randomization was used to randomize occurrence experimental (D) and control conditions (ND) in the experiment for both the groups. This method reduces opportunities of bias and confounding in experimental designs.


	Drive Position
	1
	2
	3
	4
	5
	6
	7
	8

	Participant 
	D
	ND
	ND
	D
	D
	ND
	ND
	D

	1
	A
	B
	H
	C
	G
	D
	F
	E

	2
	B
	C
	A
	D
	H
	E
	G
	F

	3
	C
	D
	B
	E
	A
	F
	H
	G

	4
	D
	E
	C
	F
	B
	G
	A
	H

	5
	E
	F
	D
	G
	C
	H
	B
	A

	6
	F
	G
	E
	H
	D
	A
	C
	B

	7
	G
	H
	F
	A
	E
	B
	D
	C

	8
	H
	A
	G
	B
	F
	C
	E
	D


Table 4: Counterbalancing matrix
Task Description:
In this study, we incorporated 2 tasks, 1 in each of the countermeasure groups. These tasks were to test the participant under 2 levels of task load and observe the effect on their driving performance and hazard anticipation capabilities. We also used a NASA TLX questionnaire to quantify the task load the participant felt while driving and performing the task simultaneously as well as while driving without any task load i.e. drives under no distraction.
The tasks are explained below:
Task 1 – Group 1:
In Group 1, Participants will drive 4 scenarios under distraction and 4 under no distraction. The drives under distraction will see each participant perform a task which replicates a cell-phone conversation, i.e. listening to a question and replying to the same. During the drives, a participant will hear a beep about 20 seconds in to the duration of the drive. This beep signals the beginning of the task. Each participant will listen at least 10 audio files on the speaker 5 seconds. Each audio file will be 3 words long and the participant needs to reply with a subject and object of the sentence as well as whether or not the sentence makes any logical sense. For e.g. Response to sentence “Car turned a corner” would be “Subject = Car, Object = Corner, Yes, it makes sense” and response to sentence “George sat on a cloud” would be “Subject = George, Object = Cloud, No, it does not make sense”
Task 2 – Group 2: 
In Group 1, Participants will drive 4 scenarios under distraction and 4 under no distraction. The drives under distraction will see each participant perform a task which replicates a cell-phone conversation, i.e. listening to a question and replying to the same. During the drives, a participant will hear a beep about 20 seconds in to the duration of the drive. This beep signals the beginning of the task. Each participant will read 1 paragraph in each of their 4 distraction drives. The length of the paragraph is 20 to 30 sentences. The participant is instructed to read as much as they can while driving safely through the simulator Amherst.
[image: ]
Figure 3: Example of the reading task given to the participants
Data Collection:
Data collection in this project will be done using the driving simulator (vehicular data), ASL XG eye-tracker(eye-tracking data), Zephyr heart rate monitor(Heart rate data) and a NASA TLX questionnaire(task load index). Vehicular data will be collected by placing data markers at 2 positions in each drive to collect data for a specific section of the drive. Eye-tracking data will be collected using the eye-tracker and the data will be binary coded by 2 separate coders to validate the data collected. Heart rate data will be collected using the heart rate monitor and will be analyzed using the timestamp on the laptop containing monitor software. NASA TLX questionnaire will be coded by calculating the average score per participant for each drive.

Simulator Scenarios:
The eight baseline scenarios were developed using Sim Vista v3.2. 2 versions of the eight scenarios were made:
For Group 1 (Cell-phone): In this group, all scenarios had a sequence of 10 3-second audio clips which were played after an initial beep sound in each scenario. The audio files played 5-seconds apart from each other. The beep sound, signaling the beginning of the task, was played 20 seconds into the drive which gave time to the participant to adjust to the scenario. After the last audio file (10th audio file) played, the participant heard another beep signaling the end of the task to the participant. Latent Hazard is also present in each scenario.
For Group 2 (I-Pad): In this group, all participants had to read a paragraph from the I-Pad placed inside the simulator cab. Similar to group 1, participant starts reading the paragraph after hearing the beep sound, signaling the beginning of the task. Similarly, on hearing the 2nd and final beep in the scenario, the participant stops reading the paragraph and continues driving. Latent Hazard is also present in each scenario.





	No.
	Name
	                                     Description

	1
	4WAY2LANE
	Truck (Hidden from view) joins the road way from the right and turns right at the intersection. At the intersection, a car turns into your lane and is hidden as the truck turns in front of you.

	2
	APEXTURN
	Car joins from the right and maintains a headway of 10m. At the apex of the curve, a pedestrian intends to cross the road and the headway car comes to halt suddenly.

	3
	BICYCLIST
	Ownship travels straight to a T- intersection and continues straight as the traffic lights turn green. Bicyclist joins into your lane at the T-intersection.

	4
	CONSTRUCTION
	Ownship moves straight leading up to a 4-way intersection. As ownship passes by a construction zone on the left, a truck moves into your lane and stops at a midblock crosswalk for a pedestrian before the intersection. 

	5
	PARKED CAR
	Ownship moves straight on a 2-lane road. An SUV joins from the right into your lane and continues ahead. A parked car (with right indicator on) moves in to your lane suddenly as the SUV passes it. 

	6
	SCHOOL BUS
	Ownship moves ahead on a straight 2 lane road. A car joins your lane from the right and moves ahead. A school bus is stopping at a bus stop just ahead of a crosswalk and a student walks on the crosswalk as the car in front stops suddenly.

	7
	STROLLER
	Ownship moves ahead on a 2-lane road. A car joins your lane from the right and continues to move ahead and stops suddenly at a midblock crosswalk where a child and his mother are crossing the road.

	8
	TRUCK CROSSWALK
	Ownship turn right at a T-intersection and continues to move ahead. There is a parking lot on the right with 2 trucks hiding a few cars behind it and one of them joins your lane. The car in front continues to move ahead and stops at a midblock crosswalk. A pedestrian hidden behind a truck crosses the road.


[bookmark: _Ref519678937]Table 5. Hazard anticipation scenarios
Independent & Dependent Variables:
Independent Variable:
Independent variables are the treatment conditions and participants’ demographics.


Dependent Variable:
There are 6 dependent variables in this study i.e. proportion of LHA and HA anticipated, standard deviation of velocity and lane offset and peak acceleration, heart rate and task load index.

	Eye tracking
	Vehicle measures
	Physiological measures
	Subjective measures

	Glances to launch and target zone
Proportion of LHA and HA anticipated
	Std. Dev. Velocity 
Peak Acceleration
Std. Dev. Lane Offset
	Heart rate (BPM)
	NASA TLX questionnaire


Table 6: Dependent variables.
































CHAPTER 3
[bookmark: _Toc5584574][bookmark: _Toc5630343][bookmark: _Toc5658400]3. RESULTS & DISCUSSION

The driving simulator study evaluated whether the situational awareness of a young driver was impacted by the presence of a cognitive or physicalvisual distraction in rear-end crash configurations. The simultaneous goal of the experiment was to evaluate the impact of stress due to distraction on the participants situational awareness while driving. Stress in this experiment was physically measured using heart rate variability and subjectively measured using NASA TLX questionnaire. 	Comment by Shannon Roberts: Was there a hypothesis related to stress?	Comment by Rajiv Nair: Yes Hypothesis 3. NASA TLX score has been included in that hypothesis.
Since the experiment is a mixed subject design, we used Mixed Model ANOVA to analyze vehicle data i.e. mean velocity, peak acceleration and standard deviation of lane offset and heart rate and TLX data. Since the glance data from the eye-tracker is binary, binary logistic regression was used. The analysis involving mixed model anova and binary logistic regression was calculated on the IBM SPSS statistical tool. All error bars shown in the graphs below represents 95% confidence interval. 
The alphabets A-H denote the scenarios as shown in “Table 3: Scenarios and their names”.

[bookmark: _Toc523057477][bookmark: _Toc5584575][bookmark: _Toc5630344][bookmark: _Toc5658401]Vehicle data:
There were three3 vehicle parameters that we observed for each participant across the two 2 distraction groups i.e. Mean Velocity, Peak Acceleration and standard deviation of Lane offset. These parameters give us an insight into a participants’ behavior in various situations in the simulator environment.
 These data points are captured using data markers placed in each scenario at the same point. These data markers capture data 20 seconds before the rear-end scenario happens, during the rear-end scenario and 20 seconds after the participant sees the rear-end scenario. 
[bookmark: _Toc523057478][bookmark: _Toc5584576][bookmark: _Toc5630345][bookmark: _Toc5658402]Mean Velocity:
[bookmark: _Ref530413510][bookmark: _Toc5584577][bookmark: _Toc5630346][bookmark: _Toc5658403] Mean Velocity Graphical Data Representation:   


	Comment by Shannon Roberts: The key should indicate that D = distraction and ND = no distraction.	Comment by Rajiv Nair: Done.
[bookmark: _Toc523057387][bookmark: _Ref530787605][bookmark: _Toc4630380]Figure 9: Mean velocity across treatment groups	
Figure 4: Mean velocity across treatment groups

In the Figure 9: Mean velocity across treatment groupsfigure 4, we can see the mean velocity of the eight scenarios across the two treatments. The eight scenarios are denoted by A-H as seen in table 3. Here we can see that the velocities across the eight scenarios do not have a significant difference within them. This was also proven statistically through mixed model anova demonstrated in section 3.1.1.2	Comment by Shannon Roberts: Do you mean there were no differences between distraction and no distraction?	Comment by Rajiv Nair: Yes, The within subject factors (Distraction, No Distraction)	Comment by Shannon Roberts: Instead of referring to section 3.1.1.2, can you just move the statistical results to this section? It makes it confusing to see the bar graphs presented separately from the statistical analysis.









[bookmark: _Ref530226730][bookmark: _Ref530413526][bookmark: _Ref530415291][bookmark: _Toc5584578][bookmark: _Toc5630347][bookmark: _Toc5658404] Mean Velocity Mixed Model ANOVA: 
n =20

	Comment by Shannon Roberts: In the previous graph, the colors mean something different. Try to be consistent with the coloring.	Comment by Rajiv Nair: n =20
n =20
n =20
n =20

[bookmark: _Ref530789308][bookmark: _Ref530787844][bookmark: _Toc4630381]Figure 10: Mean velocity across the distraction groups.

Table 8: Mean Velocity across the distraction groups.

In figure Figure 10: Mean velocity across the distraction groups.___ we see the mean velocities for the treatment across the two distraction groups. The bars showing distraction and  no-distraction contain data for 20 participants each.  We can see that there was a slight decrease in the velocities of participants driving under distraction with respect to the corresponding participants in the no-distraction condition. This could be because of the fact that performing the task had put an increased level stress on the participant which resulted in the participant slowing down in order to gain more time and perform the task in hand as well as drive. This difference was proven to be significant through statistical testing using mixed model anova. 







[bookmark: _Toc4630382]Figure 11: Main effects plot for Mean Velocity.

In the main effects plot above, we can clearly see a drop-in velocity with participants driving under distraction.  We can also infer that participants in group 1 drove at a higher average velocity as compared to participants in group 2. This could be due to the fact group 1 participants had their eyes on the road while performing the task and their tlx TLX scores (Section 3.2.1.1) were lower compared to participants in group 2.

	Source	Comment by Shannon Roberts [2]: Didn’t you also have demographics as independent variables?
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	101.364a
	33.788
	2.247
	.083
	.021
	6.740
	.566

	Intercept
	1
	305636.234
	305636.234
	20321.585
	.000
	.985
	20321.585
	1.000

	Countermeasure
	1
	71.887
	71.887
	4.780
	.030
	.015
	4.780
	.587

	Treatment
	1
	23.010
	23.010
	1.530
	.217
	.005
	1.530
	.234

	Countermeasure * Treatment
	1
	6.467
	6.467
	.430
	.512
	.001
	.430
	.100

	Error
	316
	4752.634
	15.040
	
	
	
	
	

	Total
	320
	310490.232
	
	
	
	
	
	

	Corrected Total
	319
	4853.998
	
	
	
	
	
	



[bookmark: _Toc530787007][bookmark: _Ref530788223]Table 8: Mixed Model Anova solution for Mean Velocity

There was a significant main effect of countermeasure on the participants mean velocity across both the groups, F (1,316) = 4.780, p = 0.030. From the Figure 10 figure _ and mixed model table below we can infer that the participants in group 1 had a significantly higher mean velocity as compared to group 2 participants which could have been caused due to the I-pad reading task as they had to look away from the forward roadway.
From the above table,, Table 8: Mixed Model Anova solution for Mean Velocity we can see that the variable “countermeasure” has a significant effect on the mean velocity of the participants. This effect is also seen in the main effects plot and the mean velocity bar graph. The effect is seemingly caused due to the impact  of the I-pad reading task on the group 2 (I-pad task) participants during which they had to take their eyes of the road and hence the mean velocity was significantly lower than the mean velocity of participants in group 1 (Mock cellphone task).
Summarizing, we can infer from the above graphs and ANOVA results table, the mean velocity of group 2 participants was significantly lower than the mean velocity of group 1 participants.






[bookmark: _Toc5584579][bookmark: _Toc5630348][bookmark: _Toc5658405]3.1.2Mean Lane offset:
[bookmark: _Toc5584580][bookmark: _Toc5630349][bookmark: _Toc5658406][bookmark: _Ref530409720]Mean Lane Offset Graphical Data Representation.
[bookmark: _Toc5580672][bookmark: _Toc5584581][bookmark: _Toc5630350][bookmark: _Toc5630410][bookmark: _Toc5658407]
[bookmark: _Toc5580673][bookmark: _Toc5584582][bookmark: _Toc5630351][bookmark: _Toc5630411][bookmark: _Toc5658408]
[bookmark: _Toc5580674][bookmark: _Toc5584583][bookmark: _Toc5630352][bookmark: _Toc5630412][bookmark: _Toc5658409]
[bookmark: _Toc5580675][bookmark: _Toc5584584][bookmark: _Toc5630353][bookmark: _Toc5630413][bookmark: _Toc5658410]
[bookmark: _Toc5584585][bookmark: _Toc5630354][bookmark: _Toc5658411]

[bookmark: _Ref530789276][bookmark: _Ref530788319][bookmark: _Toc4630383]Figure 12: Mean Lane offset across distraction groups.

In Figure 12: Mean Lane offset across distraction groups. we can see the lane offset across the 2 groups, with bifurcations across the 2 treatment levels. You can clearly see that the lane offset for distraction for subjects in both groups was higher than the no distraction values for subjects across both groups. Participants in group 2 also had a higher mean lane offset value as compared to participants in group 1.  This could be because the subjects would have taken their eyes off the forward roadway in group 2 under distraction which meant that the participants had more chances to stray away from their lanes. 



[bookmark: _Ref530415295][bookmark: _Toc5584586][bookmark: _Toc5630355][bookmark: _Toc5658412] Mean Lane Offset Mixed Model ANOVA:








[bookmark: _Toc4630384]Figure 13: Main effects plot for lane offset.

In the main effects plot above, we can clearly see an increase in lane deviation pertaining to participants driving under distraction.  We can also deduce that participants in group 2 i.e. I-pad task group had a higher lane deviation in comparison with participants in group 1, which is evident from the lower mean velocity that group 2 participants had driven at (Section 3.1.1.2). This could also be because the participants in group 2 had to look away from the forward roadway while performing their I-pad reading task and while group 1 participants and could look at the forward roadway while performing the mock cellphone task.




	Source	Comment by Shannon Roberts [2]: Didn’t you also have demographics as independent variables?	Comment by Rajiv Nair: I did try using it but it gave me a weird error on SPSS. So stuck to 2 most important Independent Variables.
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	2.017a
	.672
	3.547
	.015
	.033
	10.642
	.784

	Intercept
	1
	647.807
	647.807
	3418.613
	.000
	.915
	3418.613
	1.000

	Countermeasure
	1
	.052
	.052
	.275
	.601
	.001
	.275
	.082

	Treatment
	1
	1.493
	1.493
	7.881
	.005
	.024
	7.881
	.799

	Countermeasure * Treatment
	1
	.471
	.471
	2.487
	.116
	.008
	2.487
	.349

	Error
	316
	59.880
	.189
	
	
	
	
	

	Total
	320
	709.703
	
	
	
	
	
	

	Corrected Total
	319
	61.897
	
	
	
	
	
	


[bookmark: _Toc530787008]
Table 9: Mixed Model Anova solution for Standard Deviation of Lane Offset.

There was a significant main effect of treatment on the participants standard deviation of lane offset across both the groups, F (1,316) = 7.881, p = .005. From the Figure 12 and mixed model table above we can infer that the participants in group 2 (I-pad task) had a significantly higher lane deviation as compared to participants in group 1 (mock cellphone task) as they looked away from the forward roadway to read from the I-pad which would have increased the probability of deviating a bit from their lane.
From the above table, we can see that the variable “treatment” has a significant effect on the standard deviation of lane deviation of the participants. This effect is also seen in the main effects plot and the lane offset bar graph. 
Summarizing, from section 3.1.1.2  and 3.1.2.2, we can infer that the mean velocity of group 2 participants was significantly lower than the mean velocity of group 1 participants and the standard deviation of lane deviation of group 2 was significantly higher than that of the participants in group 1.



[bookmark: _Toc5584587][bookmark: _Toc5630356][bookmark: _Toc5658413]NASA TLXSubjective & Physiological data: 	Comment by Siby Samuel: Everything up until Figure 5 can go into a separate section in an Appendix at the end of your Thesis report. It will be cleaner that way.
	Comment by Rajiv Nair: Added the same as part of Appendix


[bookmark: _Toc5584588][bookmark: _Toc5630357][bookmark: _Toc5658414]NASA TLX Data:  

For subjective data measurement, we used NASA TASK LOAD INDEX questionnaire. This questionnaire was given to each participant after each of the eight drives. Filling the questionnaire took close to 2 to 3 minutes each time. During the experiment, at the end of each drive, participants will fill out the questionnaire on an I-pad. The questions on this questionnaire are further explained in the appendix section of the document.


[bookmark: _Ref530330917][bookmark: _Toc5584589][bookmark: _Toc5630358][bookmark: _Toc5658415]NASA TLX Graphical Data Representation:

Mental Demand:
Was the task easy or demanding, simple or complex?
Physical Demand: 
Was the task slack or strenuous?
Temporal Demand: 
How much time related pressure did you feel while performing task?
Performance: 
How successful were you in performing and completing the task?
Effort: 
How hard did you work physically and mentally to perform the task? 
Frustration: 
Did you feel irritated, stressed and angry while performing the task?
Each of the 6 subscales has an individual weighted tally which is the number of times a subscale is selected in the questionnaire. The weighted tally is then multiplied by the scale score for each subscale and then divided by 15 to get a workload score from 0 to 100. 



Figure 4: Example of participant TLX score breakdown.
Figure 4 is a sample TLX score breakdown you see at the end of the questionnaire. Scores for each participant and each of their 8 drives were collected and visually represented in 4 graphs which helped in identifying which particular drive and in which drive configuration, (Treatment and countermeasure combination) TLX score was the highest. 
In Figure 5, we can see a set of bar graphs which visualizes the treatment condition across the 8 scenarios. These values are for both countermeasure groups in the treatment condition. The values are a score out of 100. Scenarios A, D, E and H categorically have a higher score in comparison with the other scenarios. This could be due to commonality in drives and the treatment condition they saw it in.
	Comment by Shannon Roberts [2]: What do the error bars represent in these graphs?

The same question applies for all graphs with error bars.	Comment by Rajiv Nair: All graphs show 95% confidence Interbval.

Formula used:
=2*((Standard Deviation of range)/SQRT(COUNT(range)))

[bookmark: _Ref529531982][bookmark: _Ref530788444][bookmark: _Toc4630385]. Figure 14: NASA TLX scores across 8 scenarios (Within factor).            NASA TLX questionnaire was given to each participant at the end of each of their 8 drives in the experiment. This was done to check the level of task load felt by the participant after each drive distraction drive and no-distraction drive. The score given to each participant was out of 100 and higher the score would mean a higher task load on the participant. Task load is calculated on the basis 6 subscales:
Figure 5: TLX scores across 8 scenarios looking at between factors.
 In  Figure 14, we can see a set of bar graphs which visualizes the treatment condition across the 8 scenarios. These values are for both distraction groups in the treatment condition. The values are a score out of 100. Scenarios A, D, E and H categorically have a higher score in comparison with the other scenarios. This could be due to commonality in drives and the treatment condition they saw it in.  


Figure 6: TLX across countermeasures & treatment conditions.

[bookmark: _Ref530788682][bookmark: _Toc4630386]Figure 15: NASA TLX scores across distraction groups.       

In Figure 15 figure 13, we can see the TLX scores across the 2 groups, with bifurcations for the 2 treatment groupsacross the 2 treatment levels. You can clearly see that the distraction scoresTLX scores under distraction for subjects in group 2 was higher than the TLX scores under distraction distraction scores for subjects in group 1. This could be because the subjects could have felt a higher level of stress when performing I-pad reading task which forced the subjects to move their glance away from the forward roadway every time they read from the I-pad. 	Comment by Shannon Roberts: NASA TLX scores?	Comment by Rajiv Nair: Yes, mentioned it.


[bookmark: _Toc5584590][bookmark: _Toc5630359][bookmark: _Toc5658416]NASA TLX Mixed Model ANOVA::
	Comment by Shannon Roberts: Was there a statistical analysis for this data?	Comment by Rajiv Nair: No, these were counts of instance of crashes and near crashes that was observed.

No statistical methods were applied.
[bookmark: _Ref530788707][bookmark: _Toc4630387] Figure 16: Spread of crashes and near crashes across distraction groups.


 Figure 16 shows spectrum of crashes and near crashes recorded during the experiment. The graph clearly suggests a high number of crash scenarios were recorded in the group 2 (I-pad task) i.e. 24 separate instances of near crashes or rear-end crashes. We can see that the near crashes are almost twice as much in group 2 as there was in group 1. The NASA TLX scores also account for this observation as we can see a significantly higher score for participants in group 2 as compared to participant’s in group 1. 

Likewise, there was a significant main effect of countermeasure on the participants’ task load index scores across the 2 group F (1,316) = 8.840, p = 0.003.,
From the above 2 effects we can clearly see that a participant felt particularly burdened by task load when being compared across the 2 groups.

	Source
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	3969.278a
	1323.093
	2.989
	.031
	.028
	8.968
	.704

	Intercept
	1
	751125.196
	751125.196
	1697.012
	.000
	.843
	1697.012
	1.000

	Countermeasure
	1
	3912.653
	3912.653
	8.840
	.003
	.027
	8.840
	.842

	Treatment
	1
	10.257
	10.257
	.023
	.879
	.000
	.023
	.053

	Countermeasure * Treatment
	1
	46.368
	46.368
	.105
	.746
	.000
	.105
	.062

	Error
	316
	139866.772
	442.616
	
	
	
	
	

	Total
	320
	894961.245
	
	
	
	
	
	

	Corrected Total
	319
	143836.049
	
	
	
	
	
	


[bookmark: _Toc530787009]Table 10: Mixed Model Anova solution for Mean TLX scoresThere was no significant main effect of treatment on the participants task load index in either of the groups, F (1,316) = 0.023, p = 0.879.

There was a significant main effect of countermeasure on the participants stress levels across both the groups, F (1,316) = 8.840, p = 0.003. From the fFigure 15 and mixed model table above we can infer that the participants in group 2 (I-pad task) had significantly higher task load index scores as compared to participants in group 1 (mock cellphone task) as they felt higher stress caused by looking away from the forward roadway while driving. This could also be due to the fact that the participants in group 2 had been part of higher number of near crashes and rear-end crashes as compared to participants in group 1 seen in  Figure 16.
From the above table, we can see that the variable “countermeasure” has a significant effect on the mean task load index scores of the participants. This effect is also seen in the main effects plot, the task load index bar graph and the crash spectrum bar graphs. 

From the above results we can suggest that participants felt significantly more burdened by task load when driving in the I-pad task group as compared to the mock cellphone task group which could have been due to the fact that participants were under heavy visual distraction. 


[bookmark: _Toc5584591][bookmark: _Toc5630360][bookmark: _Toc5658417]Heart rate Data: 

All heart rate data in the experiment was measured using a heart rate monitor placed on the participants chest on their skin. Baseline heart rate for a healthy human being is 72 beats per minute (bpm).

[bookmark: _Toc5584592][bookmark: _Toc5630361][bookmark: _Toc5658418]Heart rate Graphical Data Representation: 





[bookmark: _Ref530789338][bookmark: _Toc4630388]Figure 17: Heart rate data across distraction groups.
In Figure 17 we can see the heart rate variability across the 2 groups, with bifurcations across the 2 treatment levels. You can see that the heart rates for distraction in group 2 was higher than the distraction heart rate for subjects in group 1. This could be because the subjects in group 2 could have felt a higher level of stress when performing I-pad reading task which forced the subjects to move their glance away from the forward roadway every time they read from the I-pad. This could also be the result of variation in physiological conditions of participant’s as they are randomly assigned to either of the groups. 

[bookmark: _Toc530498734][bookmark: _Toc530499052][bookmark: _Toc530762733][bookmark: _Toc530762788][bookmark: _Toc530865443][bookmark: _Toc4515249][bookmark: _Toc5580684][bookmark: _Toc5584593][bookmark: _Toc5630362][bookmark: _Toc5630422][bookmark: _Toc5658419] 
[bookmark: _Toc5584594][bookmark: _Toc5630363][bookmark: _Toc5658420]Heart rate Mixed Model ANOVA:



[bookmark: _Toc4630389]	Figure 18: Main effects plot for heart rate data.

In the main effects plot above, we can see a slight increase in heart rate pertaining to participants driving under distraction.  We can see that the heart rate data collected for both groups have a uneven spread as we can see participants in group under distraction have a lower heart rate than participants from the same group under no distraction. This could be because of calibration issues with the heart rate monitor or physiological condition of the participants which was not controlled for during the experiment.


	Source	Comment by Shannon Roberts [2]: Didn’t you also have demographics as independent variables?
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	726.288a
	242.096
	1.471
	.222
	.014
	4.414
	.388

	Intercept
	1
	1814058.343
	1814058.343
	11025.615
	.000
	.972
	11025.615
	1.000

	Countermeasure
	1
	392.587
	392.587
	2.386
	.123
	.007
	2.386
	.337

	Treatment
	1
	186.386
	186.386
	1.133
	.288
	.004
	1.133
	.186

	Countermeasure * Treatment
	1
	147.316
	147.316
	.895
	.345
	.003
	.895
	.157

	Error
	316
	51991.879
	164.531
	
	
	
	
	

	Total
	320
	1866776.510
	
	
	
	
	
	

	Corrected Total
	319
	52718.167
	
	
	
	
	
	



[bookmark: _Toc530787010]Table 11: Mixed Model Anova solution for Mean Heart Rate values

There was no significant main effect of countermeasure or the treatment on the participants stress levels across both the groups, Countermeasure, F (1,316) = 2.386, (p = 0.123 > 0.05) and Treatment F (1,316) = 1.133, (p = 0.288 > 0.05). 
From the above results we cannot affirm any of the hypothesis we had postulated in the beginning.	Comment by Shannon Roberts: Hypothesis about heart rate?	Comment by Rajiv Nair: Yes, Hypothesis 3.
I have hypothesized that participants in group 2 (G2) will have a higher standard deviation of lane offset as compared to participants in group 1 (G1), will have a higher heart rate and a higher TLX score among the 2 groups (G2 and G1).


[bookmark: _Toc5584595][bookmark: _Toc5630364][bookmark: _Toc5658421] Eye-tracking data:

[bookmark: _Toc529912775][bookmark: _Toc529912821][bookmark: _Toc529912867][bookmark: _Toc529912913][bookmark: _Toc529913070][bookmark: _Toc529929765][bookmark: _Toc529929881][bookmark: _Toc529930081][bookmark: _Toc529930152][bookmark: _Toc529931004][bookmark: _Toc529954093][bookmark: _Toc529954604][bookmark: _Toc529954996]
Eye-tracking:3.3.1 Glance Data Graphical Representation:

	Comment by Shannon Roberts [2]: Why did you split the 8 scenarios into two graphs?

You don’t discuss these two figures anywhere in the text.
[bookmark: _Toc4630390]Figure 19: Proportion of glance data across distraction groups.

In the figure above, we can see the four drive positions that the participants drive under distraction i.e. 1st, 4th, 5th and 8th positions. The figure shows the eye-tracking data for the four drives with the red bar showing eye-tracking data for mock cell-phone group i.e. group 1 and the pink bar shows the eye-tracking data for I-pad group i.e. group 2. We can clearly see that the mock cell-phone group have a higher proportion of glances and this could be explained by the fact that they had their eyes on the road all throughout the drive whereas the participants who drove in the I-pad group had to take their eyes of the forward roadway to perform the secondary task.







n = 20
n = 20
n = 20
n = 20

[bookmark: _Ref530789643][bookmark: _Toc4630391]Figure 20: Proportion of glance data across distraction groups.

In the ___, We can clearly see the variations in glance data. Subject in the first two bar graphs only has n = 20 as they are data for 20 subjects each under the distraction treatment condition. In the last bar graph, the data has n = 40 subjects, data across no treatment subjects in both countermeasure groups. Here we can see that subjects in no treatment condition have a higher proportion of glance with respect to subjects in treatment condition across the countermeasure groups.In the figure above, we can see the proportion of glances split across the two treatment levels (distraction, no distraction). There are n = 20 subjects in each of the 4 columns. Here we can see that there was almost no effect observed on the participants hazard anticipation in the mock-cellphone task (D - 58%, ND - 59%). This could have been due to the fact that participants could look at the forward roadway while conversing in the mock-cellphone task and also for the fact that drivers are more comfortable in general with conversing during driving. There was a drop in the proportion of hazards anticipated in group 2 (I-pad reading task) between the distraction and no-distraction conditions (D - 44%, ND - 65%). This could be due to the fact that participants had to look away from the forward roadway every time they had to read from the I-pad.


[bookmark: _Toc5584597][bookmark: _Toc5630366][bookmark: _Toc5658423]Glance Data Binary Logistic Regression:

Logistic regression was used in the data analysis of eye-tracking data. We used the eye-tracking binary data as response variable and a combination of dependent variables velocity, lane offset, acceleration, heart rate, task load index, experience, age, and independent variables treatment and countermeasure distraction groups were used as predictor variables. Through binary logistic regression, we try and estimate the probability of the event that the participant anticipates a latent or apparent hazard. In SPSS, if this probability is is calculated between 0 and 1. If the value is above 0.5, it signifies “participant anticipated and glanced at the potential hazard”. Likewise, If the value is below 0.5, it signifies “participant was unable to anticipate the presence of a hazard”.	Comment by Shannon Roberts: Why did you use these as independent variables for the logistic regression but not for the other statistical analysis?	Comment by Microsoft Office User: For vehicle, physiological and subjective data where we compared the effect of the distractions groups and treatment vs control. 
For ocular data I used all possible variable combinations base on the correlation matrix below.
I chose the model that best described my data.
Finding an optimal binary logistic model is done by combining aforementioned dependent variables such that we get a model with a high Nagelkerke R2 value and a high Hosmer -lemeshow test p-value. 
In the figure below, we can see the correlation matrix of all the variables part of the experiment considered for the logistic regression model:
For the regression model, we used the independent variables treatment, distraction groups(countermeasure) and demographics i.e. a combination of treatment, countermeasure, age, gender and experience. The combinations for the model are picked on the basis of low correlation (as seen in 
Figure 21), the cumulative Hosmer lemeshow goodness of fit score, the Nagelkerke R2 value and whether the combination actually makes logical senses.






	
	

	
	


	Comment by Shannon Roberts: You need a key for this table to indicate what the acronyms mean.	Comment by Microsoft Office User: Added the same.
	HR
	Hear Rate

	TLX
	Task Load Index


	
	

	
	


	Key:
	HR
	Hear Rate

	
	TLX
	Task Load Index


	Key:
	HR
	Hear Rate

	
	TLX
	Task Load Index

	
	
	Very high correlatioon
	


	Key:
	HR
	Hear Rate
	EXP
	Experience

	
	TLX
	Task Load Index
	CM
	Countermeasure

	
	
	Very high correlation
	
	Very low correlation



		

[bookmark: _Ref530789469][bookmark: _Toc4630392]
Figure 21: Correlation matrix for variables in the experiment.

In this experiment we found the following 2 models which encapsulated the combination of relevant dependent variables or independent variables:







[bookmark: _Toc5584598][bookmark: _Toc5630367][bookmark: _Toc5658424]Regression Equation:  

	Y = 
	0.613 + 0.540 *GENDER_1 - 0.433* CountermeasureM_NAME - 0.186* TREATMENT_1_1



The equation above shows the response variable (Y) and a combination of independent and dependent variables.

[bookmark: _Toc5584599][bookmark: _Toc5630368][bookmark: _Toc5658425]Variables in the Equation: Variables in the Equation: 

	Variables in the Equation

	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)
	95% C.I.for EXP(B)

	
	
	
	
	
	
	
	Lower
	Upper

	CMCM(1)
	-0.5950.433
	0.240.229
	6.1593.568
	11
	0.0130.049
	0.5521.543
	0.3450.984
	0.8822.419

	Treatment (1)
	-0.162-0.186
	0.230.229
	0.4990.663
	11
	0.480.416
	0.850.83
	0.5420.53
	1.3341.3

	GENDER (1)
	0.51-0.54
	0.2310.239
	4.8855.11
	11
	0.0270.024
	1.6660.583
	1.0590.365
	2.6180.931

	Constant
	0.2960.286
	0.220.219
	1.8161.702
	11
	0.1780.192
	1.3451.331
	 
	 


14: Variables in the equation  for Model 2

a. Variable(s) entered on step 1: Treatment, Countermeasure, Gender.
b. Countermeasure here means Distraction groups.
c. Gender has 2 values M and F.	

[bookmark: _Ref530789561][bookmark: _Toc530787011]Table 12: Variables in the equation contribution to the model

The regression model we used in the experiment for glance data had three variables, CM (the two distraction groups), Treatment (the two levels of distraction) and Gender (Male or Female). In the Table 12, we can see the Wald test in the “Wald” column which is a statistical method used to determine the significance of the variables in the model. The significant values are listed in the “Sig” column. We can clearly see that CM (p = 0.013 < 0.05) and Gender (p = 0.027 < 0.05) are significant whereas Treatment (p = 0.48 > 0.05) is not significant. 


We can conclude from this that:

The significance of CM suggests that the participants in the Mock Cell-phone task group anticipated significantly higher proportion of hazards as compared to participants in the I-pad group. This can also be seen in the Figure 20.
The significance of Gender suggests that Males across the two groups anticipated a significantly higher proportion of hazards as compared to Females across the two groups. 


 Classification tables: Classification Tables:
If the estimated probability of an event occurring is greater than or equal to 0.5(more than an even chance), the event is classified as an occurring (correctly anticipates the hazard). If the estimated probability of an event occurring is less than 0.5(less than an even chance), the event is classified as not occurring (hazard not anticipated). The observed and predicted classification values are shown in the Table 13s.
In Table 13, the cut value “0.500” is shown, which means that if the probability of anticipating the hazard being correctly predicted is greater than 0.500 or more than 50% then it is classified in to “1” and if the predicted is lower than 0.500 or less than 50% then its classified in to “0”. The current model correctly classifies the outcomes to 60%.


	Observed
	Predicted

	
	LOOKorNOLOOKHazard Anticipated
	Percentage Correct

	
	0
	1
	

	Hazard AnticipatedLOOKorNOLOOK
	0
	3847
	10296
	27.132.9

	
	1
	2742
	15335
	85.076.3

	Overall Percentage
	59.76.9


a. The cut value is .500	   Table 14: Classification table

[bookmark: _Ref530789735][bookmark: _Toc530787012]Table 13: Classification table for observed and predicted values.In the above table, percent correct prediction of “1” is 76.3% that is the model correctly predicts 76.3% of “correct glances” by participants and percent correct prediction for “0” that is “wrong or no glance” by participants at 32.9%.
The overall correct prediction by the model is 56.9% which is more than the limit of 50% in the model.

 Hosmer Lemeshow Goodness of fit: 
		Test
	DF
	Chi-Square
	P-Value

	Deviance
	316
	429.66
	0.000

	Pearson
	316
	320.00
	0.427

	Hosmer-Lemeshow
	4
	0.78
	0.941

	Test
	DF
	Chi-Square
	P-Value

	Deviance
	316
	429.66
	0.000

	Pearson
	316
	320.00
	0.427

	Hosmer-Lemeshow
	4
	0.78
	0.941


Chi-square
	df
	Sig.

	4.629
	6
	.592


			
	Test
	DF
	Chi-Square
	P-Value

	Deviance
	316
	429.66
	0.000

	Pearson
	316
	320.00
	0.427

	Hosmer-Lemeshow
	4
	0.78
	0.941



Table 15: Hosmer Lemeshow test Goodness of fit for Model 2

[bookmark: _Toc530787013]Table 14: Goodness of fit tests:
The Hosmer lemeshow tests are a goodness of fit tests used to show how well the regression model fits your data. If the p-value to this test is low i.e. < 0.05, then the model fails the test and if the p-value is higher i.e. > 0.05 then your regression model passes the tests.
In the experiment, the model we used had a hosmer-lemeshow p-value of p = 0.941 > 0.05 which means the model fits the data very well.   
Using the Hosmer Lemeshow test for goodness of fit shows that the model fits the data as p = 0.941 > 0.05 as shown above.

 Variance in the model:
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	429.657a
	.032
	.043


[bookmark: _Toc530787014]
Table 15: Summary of modelVariance in model:

Table 16: Variance in model 2 (R square values)
Using the Cox & Snell R2 and Nagelkerke R2 methods, we see here that we get 3.2% and 4.3% of variance in hazard anticipation.

Summarizing, we see that the binary logistic regression model we have selected significantly predicts the impact of countermeasure and gender on the glances of participants. 











[bookmark: _Toc5584603][bookmark: _Toc5630372][bookmark: _Toc5658429] Final Results Table:
	No.
	Type
	NameDependent Variables
	Results (Independent Variables)

	
	
	
	Significant	Comment by Shannon Roberts: Significant independent variables	Comment by Rajiv Nair: Done.
	Not-Significant

	1
	Eye-tracking
	Proportion of Glances
	CM (p = 0.013 < 0.05)
Gender (p = 0.027 < 0.05)
	Treatment (p = 0.48 > 0.05)

	2
	Vehicle
	Mean Velocity
	-  CM
F (1,316) = 4.780, p = 0.030
	Treatment
F (1,316) = 1.530, p = 0.217

	3
	
	Lane offset
	-  Treatment
F (1,316) = 7.881, p = 0.005
	CM
     F (1,316) = 0.275, p = 0.601

	4
	
	Peak Acceleration
	-
	CM 
F (1,316) = 0.14, p = 0.906
Treatment 
F (1,316) = 0.278, p = 0.598

	5
	Subjective Measures
	NASA TLX questionnaire
	-  CM
F (1,316) = 8.840, p = 0.003
	Treatment
    F (1,316) = 0.023, p = 0.879

	6
	Physiological Measures
	Heart rate 
	-
	CM 
F (1,316) = 2.386, p = 0.123
Treatment 
F (1,316) = 1.133, p = 0.288



[bookmark: _Toc530787015]Table 16: Final Results table

From the above results we can also conclude that the participants in I-pad group who were under visual distraction felt a significantly more stress (signifidue to the nature of the task as compared to the participants in mock cellphone group. This trend was observed with the results from: 
Proportion of glance data (Hypothesis 1)
Vehicle measures (mean velocity and standard deviation of lane offset).  (Hypothesis 2)
NASA TLX questionnaire (Hypothesis 3)
Figure 7: Eye tracking data under distraction across both countermeasure groups

Figure 8: Eye tracking data under no-distraction across both countermeasure groups
 
Figure 9: Eye-tracking data comparing treatments across countermeasure groups
In the figure 9, We can clearly see the variations in glance data. Subject in the first two bar graphs only has n = 20 as they are data for 20 subjects each under the distraction treatment condition. In the last bar graph, the data has n = 40 subjects, data across no treatment subjects in both countermeasure groups. Here we can see that subjects in no treatment condition have a higher glance % with respect to subjects in treatment condition across the countermeasure groups.
[bookmark: _Ref529744411]Mixed ANOVA:
We used mixed effects ANOVA to observe the impact of main effects and random effects on the within and between subject factors in the experiment. We found that the between subject factors had a significant effect on Mean Velocity, Mean Lane offset, Task load index and Experience of the participant. While no significant effects on the within subject factors were seen.
Mean Velocity: 
There was no significant main effect of treatment on the participants velocity in either of groups, F (1,316) = 1.530, p = 0.217. The effect tells us that the presence or absence of a distraction did not do much to regress a participants’ driving abilities.
Moreover, there was a significant main effect of countermeasure on the participants mean velocity across both the groups, F (1,316) = 4.780, p = 0.030. The effect tells us that participants in 1 of the 2 groups had to drive slower due to the effect of their distraction task.
	Source
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	101.364a
	33.788
	2.247
	.083
	.021
	6.740
	.566

	Intercept
	1
	305636.234
	305636.234
	20321.585
	.000
	.985
	20321.585
	1.000

	Countermeasure
	1
	71.887
	71.887
	4.780
	.030
	.015
	4.780
	.587

	Treatment
	1
	23.010
	23.010
	1.530
	.217
	.005
	1.530
	.234

	Countermeasure * Treatment
	1
	6.467
	6.467
	.430
	.512
	.001
	.430
	.100

	Error
	316
	4752.634
	15.040
	
	
	
	
	

	Total
	320
	310490.232
	
	
	
	
	
	

	Corrected Total
	319
	4853.998
	
	
	
	
	
	



Table 7: Mixed Anova tests for between and within subject on Velocity


Mean Lane Offset:
There was no significant main effect of treatment on the participants lane offset in either of the groups, F (1,316) = 0.275, p = 0.601. There was a slight improvement in the p-value when we consider countermeasure with treatment, but not significant enough, F (1,316) = 2.487, p = 0.116.  
When we consider the between subject factors, there was a significant main effect of countermeasure on the participants lane keeping abilities across the 2 groups, F (1,316) = 7.881, p = 0.005.
The 2 above effect tells us that a given participants lane keeping abilities were not affected by the presence or absence of distraction but rather the nature of the distraction across the 2 groups.
	Source
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	2.017a
	.672
	3.547
	.015
	.033
	10.642
	.784

	Intercept
	1
	647.807
	647.807
	3418.613
	.000
	.915
	3418.613
	1.000

	Countermeasure
	1
	1.493
	1.493
	7.881
	.005
	.024
	7.881
	.799

	Treatment
	1
	.052
	.052
	.275
	.601
	.001
	.275
	.082

	Countermeasure * Treatment
	1
	.471
	.471
	2.487
	.116
	.008
	2.487
	.349

	Error
	316
	59.880
	.189
	
	
	
	
	

	Total
	320
	709.703
	
	
	
	
	
	

	Corrected Total
	319
	61.897
	
	
	
	
	
	


Table 8: Mixed Anova tests for between and within subject on Lane Offset

Task Load Index:
There was no significant main effect of treatment on the participants task load index in either of the groups, F (1,316) = 0.023, p = 0.879. 
Likewise, there was a significant main effect of countermeasure on the participants’ task load index scores across the 2 groups, F (1,316) = 8.840, p = 0.003.
From the above 2 effects we can clearly see that a participant felt particularly burdened by task load when being compared across the 2 groups.

	Source
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	3969.278a
	1323.093
	2.989
	.031
	.028
	8.968
	.704

	Intercept
	1
	751125.196
	751125.196
	1697.012
	.000
	.843
	1697.012
	1.000

	Countermeasure
	1
	3912.653
	3912.653
	8.840
	.003
	.027
	8.840
	.842

	Treatment
	1
	10.257
	10.257
	.023
	.879
	.000
	.023
	.053

	Countermeasure * Treatment
	1
	46.368
	46.368
	.105
	.746
	.000
	.105
	.062

	Error
	316
	139866.772
	442.616
	
	
	
	
	

	Total
	320
	894961.245
	
	
	
	
	
	

	Corrected Total
	319
	143836.049
	
	
	
	
	
	


Table 9: Mixed Anova tests for between and within subject on Task Load Index

Experience:
There was no significant main effects of treatment on the experience of a participant, F (1,316) = 0.05, p = 0.946.
Likewise, there was a significant main effect of countermeasure on the participants’ experience across the 2 groups, F (1,316) = 20.557, p = 0.0001.
From the above 2 main effects we can see that an experienced participant did not feel much affect between distraction and no-distraction drives but felt a significant difference while comparing driving performance across 2 groups. 
	Source
	df
	Type III Sum of Squares
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerb

	Corrected Model
	3
	56.465a
	18.822
	6.854
	.000
	.061
	20.563
	.977

	Intercept
	1
	3507.806
	3507.806
	1277.444
	.000
	.802
	1277.444
	1.000

	Countermeasure
	1
	56.448
	56.448
	20.557
	.000
	.061
	20.557
	.995

	Treatment
	1
	.012
	.012
	.005
	.946
	.000
	.005
	.051

	Countermeasure * Treatment
	1
	.004
	.004
	.002
	.969
	.000
	.002
	.050

	Error
	316
	867.722
	2.746
	
	
	
	
	

	Total
	320
	4431.993
	
	
	
	
	
	

	Corrected Total
	319
	924.187
	
	
	
	
	
	


Table 10:Mixed Anova tests for between and within subject on Experience

Binary Logistic Regression:
Logistic regression was used in the data analysis of eye-tracking data. We used the eye-tracking binary data as response variable and a combination of dependent variables velocity, lane offset, acceleration, heart rate, task load index, experience, age, treatment and countermeasure were used as predictor variables. Through binary logistic regression, we try and estimate the probability of the event that the participant anticipates a latent or apparent hazard. In SPSS, if this probability is is calculated between 0 and 1. If the value is above 0.5, it signifies “participant anticipated and glanced at the potential hazard”. Likewise, If the value is below 0.5, it signifies “participant was unable to anticipate the presence of a hazard”.
Finding an optimal binary logistic model is done by combining aforementioned dependent variables such that we get a model with a high Nagelkerke R2 value and a high Hosmer -lemeshow test p-value. 
In this experiment we found the following 2 models which encapsulated the combination of relevant dependent variables:
Model 1 
Dependent variables: 
Velocity + Lane Offset + Heart Rate + Experience + Gender + Countermeasure.

Regression Equation:
	Y'
	=
	1.76 - 0.0208 velocity - 0.391 lane offset+ 0.554 GENDER_1 - 0.557 CM_NAME
- 0.00077 HR + 0.0594 EXPERIENCE




Classification tables:
	Classification Tables 

	 
	Observed
	Predicted

	 
	 
	 
	LOOKorNOLOOK
	Percentage Correct

	 
	 
	 
	0
	1
	 

	Step 1
	LOOKorNOLOOK
	0
	52
	91
	36.4

	 
	
	1
	37
	140
	79.1

	 
	Overall Percentage
	 
	 
	 
	60


		 Table 11: Classification Tables for Model 1	

In the above table, percent correct prediction of “1” is 79.1% that is the model correctly predicts 79.1% of “correct glances” by participants and percent correct prediction for “0” that is “wrong or no glance” by participants at 36.4%.
The overall correct prediction by the model is 60% which is more than the limit of 50% in the model.
Goodness of fit:
	Test
	DF
	Chi-Square
	P-Value

	Deviance
	313
	426.33
	0.000

	Pearson
	313
	320.94
	0.366

	Hosmer-Lemeshow
	8
	20.77
	0.008


Table 12: Goodness of fit tests for Model 1
Using the Hosmer Lemeshow test for goodness of fit shows that the model fits the data as p = 0.008 < 0.05 as shown above.
Variance in model: 
	Model Summary

	Step
	-2 Log likelihood
	Cox & Snell R Square
	Nagelkerke R Square

	1
	426.326a
	0.042
	0.056


Table 13: Variance in model 1 (R square values)
Using the Cox & Snell R2 and Nagelkerke R2 methods, we see here that we get 4.2% and 5.6% of variance in hazard anticipation.

Model 2:  
Dependent Variable: 
Treatment + Countermeasure + Gender.
Regression Equation: 
	Y'
	=
	0.613 + 0.540 GENDER_1 - 0.433 CM_NAME - 0.186 TREATMENT_1


 
 Classification tables:
	Classification Table

	 
	Observed
	Predicted

	 
	 
	 
	LOOKorNOLOOK
	Percentage Correct

	 
	 
	 
	0
	1
	 

	Step 1
	LOOKorNOLOOK
	0
	47
	96
	32.9

	 
	
	1
	42
	135
	76.3

	 
	Overall Percentage
	56.9


Table 14: Classification table for Model 2
In the above table, percent correct prediction of “1” is 76.3% that is the model correctly predicts 76.3% of “correct glances” by participants and percent correct prediction for “0” that is “wrong or no glance” by participants at 32.9%.
The overall correct prediction by the model is 56.9% which is more than the limit of 50% in the model.
 Goodness of fit:
	Test
	DF
	Chi-Square
	P-Value

	Deviance
	316
	429.66
	0.000

	Pearson
	316
	320.00
	0.427

	Hosmer-Lemeshow
	4
	0.78
	0.941


Table 15: Goodness of fit tests for Model 2
Using the Hosmer Lemeshow test for goodness of fit shows that the model fits the data as p = 0.941 > 0.05 as shown above.

Variance in model:


[bookmark: _Toc5584604][bookmark: _Toc5630373][bookmark: _Toc5658430]  Limitations and future work:	Comment by Shannon Roberts [2]: This doesn’t belong in the results section. It belongs in the discussion section.
In this study, we recruited participants only from the university aged between 18 and 25. The study would give more insight into driving patterns when we include drivers from more experienced and older age groups. The study could be more impactful with the use of 3 more age groups:  
Age group 1: 16- 19-year-old drivers.
Age group 2: 25 – 40-year-old drivers.
Age group 3: 40 – 60-year-old drivers.

Only 2 types of distraction were used in the study, i.e. visual distraction and cognitive distraction. Drivers today come across more involving and task heavy distractions regularly. In future continuation studies, we could implement few more variants of distraction task in audio and biomechanical distraction which would encompass the types of distraction. In this study, we also have only looked at day time driving without any climate variations i.e. sunny day time drives. We could also implement night driving with the presence of rain or snow which would enhance the quality of data being collected. 
We could also use active and passive versions of distractions tasks. This could help us understand the direct effects of actively interacting with a secondary task and interacting with a task passively (No feedback). The use of heart rate monitor gave us a very interesting point of view with respect to the driver and how their body reacts to certain situations. Apart from the heart rate monitor, we could also make use of skin conductance devices which would give us an additional variable in observing physiological effects of distraction tasks.
Table 16: Variance in model 2 (R square values)
Using the Cox & Snell R2 and Nagelkerke R2 methods, we see here that we get 3.2% and 4.3% of variance in hazard anticipation.

Limitations and future work:
In this study, we recruited participants only from the university aged between 18 and 25. The study would give more insight into driving patterns when we include drivers from more experienced and older age groups. The study could be more impactful with the use of 3 more age groups:  
Age group 1: 16- 19-year-old drivers.
Age group 2: 25 – 40-year-old drivers.
Age group 3: 40 – 60-year-old drivers.

Only 2 types of distraction were used in the study, i.e. visual distraction and cognitive distraction. Drivers today come across more involving and task heavy distractions regularly. In future continuation studies, we could implement few more variants of distraction task in audio and biomechanical distraction which would encompass the types of distraction. In this study, we also have only looked at day time driving without any climate variations i.e. sunny day time drives. We could also implement night driving with the presence of rain or snow which would enhance the quality of data being collected. 
We could also use active and passive versions of distractions tasks. This could help us understand the direct effects of actively interacting with a secondary task and interacting with a task passively (No feedback). The use of heart rate monitor gave us a very interesting point of view with respect to the driver and how their body reacts to certain situations. Apart from the heart rate monitor, we could also make use of skin conductance devices which would give us an additional variable in observing physiological effects of distraction tasks.
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[bookmark: _Toc5630374][bookmark: _Toc5658431][bookmark: _Toc5584605]CONCLUSIONS
[bookmark: _Toc5630375][bookmark: _Toc5658432]Conclusion:	Comment by Shannon Roberts [2]: This needs to be renamed “Discussion”. It should include a general overview of your results, how your results relate back to your objective/hypothesis, how your results relate to past work, and the application of your results.
The study focused on finding the impact of 2 levels of task load on the subject’s situational awareness and their driving performance while driving in a simulated environment. The 2 levels of task load were cognitive task load and visual task load. Each group was given one of the tasks to do as a secondary task for 4 drives in no task in the other 4 drives i.e. the within subject factor. From the results we can see that the within subject factors did not have a significant impact over the participants stress levels and their situational awareness. There was no significant difference in mean velocity, mean acceleration and mean lane offset in the within condition. However, In the between condition, mean velocity and mean lane offset had a significant difference across the 2 groups. This observation meant that participants in group 2 (I-pad task group), who drove at a lower mean velocity and had a higher standard deviation of lane offset than participants in group 1 (Mock Cell-phone group) were affected more due to the nature of the tasks as that was the only difference between the two groups; the task load. 	Comment by Shannon Roberts: You should refer to the within subject factor as the name of the independent variable: distraction versus no distraction.	Comment by Shannon Roberts: Same comment here.

For the Hheart rate and NASA TLX score data, there was no significant difference in the within subject factor. On the other hand, there was a significant difference in the mean NASA TLX scores TLX across the between subject factors. This observation statistically showed us that participants in group 2 had a higher score in comparison with participants in group 1 which could have been due to the complexity and level of task load posed by the tasks. This showed us that participants had to put more effort when performing the I-pad task i.e. the visual distraction, as they had to look away from the forward roadway.  
We also were able to find a significant difference in the experience of a participant in the between subject factors. For the eye-tracking data, it was clearly seen that the participants were under more task load stress in the group 2 or I-pad task group as they had to take their eyes off the road while performing the task; while also driving and being situationally aware and scanning for hazards. The mean velocity and TLX data were lower for the group 2 participants as compared to participants in group 1. Subjects in group 2 were only able to detect see 44% of the latent/apparent hazards while subjects in group 1 were able to detectsee 58% of the hazards; both while under distraction. While under no distraction, group 2 participants detected 65% of the hazards while group 1 participants had detected 59% of the hazards.


Lastly, through this study we have been able to observe that the physicalvisual task (Group 2- I-Pad Task) was more of a difficult secondary task to perform as compared to the cognitive task (Group 1- Mock Cellphone Task). This could be due to subjects taking their eyes of the road while performing their task along with driving and also simultaneously drive and detect hazards. A larger pool of participants and a wider array of tasks could further strengthen the argument placed. Use of Heads up displays in cars instead of a display on the dashboard away from the driver’s eye line could help the driver in maintaining continuous sight of what’s in front. In case of drivers having their eyes of the road for a longer duration, vehicle manufacturers must try and incorporate warning sounds and additional information on the HUD to bring their gaze back on road and help them stay more vigilant and concentrate. 

[bookmark: _Toc4515261]



























[bookmark: _Toc5630377][bookmark: _Toc5658434][bookmark: _Toc5584607]APPENDIX
 TLX SCALE 

NASA TLX questionnaire was given to each participant at the end of each of their 8 drives in the experiment. This was done to check the level of task load felt by the participant after each drive distraction drive and no-distraction drive. The score given to each participant was out of 100 and higher the score would mean a higher task load on the participant. Task load is calculated on the basis 6 subscales:
Mental Demand:   	Comment by Shannon Roberts [2]: This information belongs in the methods section.
Was the task easy or demanding, simple or complex?
Physical Demand: 
Was the task slack or strenuous?

Temporal Demand: 
How much time related pressure did you feel while performing task?

Performance: 
How successful were you in performing and completing the task?
Effort: 
How hard did you work physically and mentally to perform the task? 
Frustration: 
Did you feel irritated, stressed and angry while performing the task?
Each of the 6 subscales has an individual weighted tally which is the number of times a subscale is selected in the questionnaire. The weighted tally is then multiplied by the scale score for each subscale and then divided by 15 to get a workload score from 0 to 100. 





[bookmark: _Ref530849780][bookmark: _Toc4630393]	Figure 22: Example of participant TLX score breakdown.



Figure 22 is a sample TLX score breakdown you see at the end of the questionnaire. Scores for each participant and each of their 8 drives were collected and visually represented in 4 graphs which helped in identifying which particular drive and in which drive configuration, (Treatment and countermeasure combination) TLX score was the highest. 
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