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Abstract

Technology advancements in the past two decades have made the human-vehicle
connection stronger than ever. Since 2009 there has been a boom in the development of
autonomous vehicles (AVs) as an increasing number of manufacturers have begun to
see immense potential in this area of artificial intelligence (Al). While the private sector is
racing forward with the development of autonomous features, there is a need to
understand how the human driver will interface with these features before Level 5
automation is finally achieved. This study sought to explore how distractions during
automated driving impacted hazard anticipation upon re-taking control.

Twenty-one participants drove in a simulated environment across eight different
scenarios to compare how four different in-vehicle tasks that were performed during
automated driving affected hazard anticipation after re-taking manual control of the
vehicle. An alert of a potential hazard was provided to drivers 6 seconds in advance of
the hazard materializing, and the participants were instructed to disengage automation
and take back control of the vehicle. The visual and audible tasks elicited a much higher
workload than the control group, as captured by the NASA-TLX questionnaire, and
drivers who performed the visual task spent, on average, 30 more seconds glancing
away from the road during automated driving. Despite all this, there was no statistically
significant difference in the hazard anticipation between the groups who performed an
in-vehicle task and the control groups, suggesting that a 6-second warning time is

sufficient for drivers to regain spatial awareness after a period of automated driving.
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1 Introduction

Technology advancements in the previous two decades have made the human-
vehicle connection stronger than ever. Since 2009, there has been a rapid development
of advanced driver assistance systems (ADAS) as an increasing number of
manufacturers have explored the immense potential in this area of Al. While the private
sector continues to race forward with the development of autonomous features, there
exists a need understand how human drivers will interface with these features before
Level 5 automation can be achieved [1].

With an increasing number of manufacturers for semi-automated vehicles, several
new features are being added. However, these technologies are not perfect and still
require driver attention at various moments to take over control. Samuel et al. found that
the minimal ideal time for transfer of control from autonomous driving to manual driving
was 8 seconds before a potential hazard scenario [2]. This meant that a driver would
require a minimum of 8 seconds to be brought back into the loop and regain the amount
of necessary situational awareness to navigate the car to safety. Samuel et al. in their
study used a single in-vehicle task for all five treatment conditions.

Dogan et al. found that drivers try and anticipate a cue or alert from automated
vehicles and that this could influence the monitoring behavior of drivers [3]. The
experiment was conducted on a simulator which had traffic jam assist that controlled
latitudinal and longitudinal movement of the vehicle. This study did not consider the
three distinct time to situational awareness time barriers we have built into our
experiment. Dogan et al. [4] discussed a similar situation as [3], which showed that
anticipatory behavior was found in drivers in scenarios where the traffic assistance failed
leading to loss of trust in the automation feature. In case of no such failure, acceptance

of the traffic assist was clearly observed among the drivers.
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Across 32 studies, De Winter et al. found that a driver in manual condition would feel
an elevated level of workload as compared to a driver in a car with adaptive cruise
control (ACC, controlled longitudinal movement) or highly automated driving (HAD,
controls latitudinal and longitudinal movement) [5]. The data was found using a NASA
TLX questionnaire which was given post study. They also found that drivers in ACC and
HAD had reduced levels of situational awareness when performing a secondary task as
compared to manual condition. We also used the NASA TLX index in our experiment to
measure the workload on drivers and the impact on their situational awareness.

It remains difficult to generalize distraction, and hence having just one type of
distraction is not completely representative of the various types of cognitive distraction
that drivers experience today. In particular, we are interested in determining how

situational awareness would be impacted under varying task loads.

1.1 Research Objectives and Hypotheses

This study seeks to examine whether the minimum transfer of control time found in
previous literature is sufficient while the driver is partaking in potentially distracting, non-
driving tasks. The results from this study could provide significant information into which
issues can be further identified to make the implementation of automated driving
features a safe and seamless experience for future generations. The authors
hypothesized that the impacts of this project may be seen across all spectrums of users
and manufacturers, in that vehicle manufacturers could take the findings from this
experiment and add an alert system or provide cues to the driver as early as possible so
that a distracted driver could be introduced back into the loop in enough time to avoid a
collision. Overall, the research question is as follows: Does the presence of a distracting,
non-driving task diminish a driver’s ability to take back control of the vehicle in a timely

fashion and quickly perceive potential hazards?
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1.2 Scope

In an effort to measure the efficacy of these research objectives, this study was
designed to evaluate the various task load on drivers while using vehicle automation.
This research study focused on three main tasks: an active visual task, a passive visual
task, and an active auditory task. These in-vehicle tasks were compared against a
control scenario which lacked an in-vehicle task for drivers. The outcome measures
were the workload placed upon the driver, their time spent glancing off the road, and

their hazard perception shortly after re-taking control of the vehicle.

1.3 Report Structure

Chapter 2 outlines the methodology for the simulator study, as well as the specific
questionnaires and analytical procedures adapted for this study. Chapter 3 summarizes
the results of the driving simulator study and provides a discussion into the driver
behavior evaluated in the various task-driven transfer of control simulator scenarios.
Lastly, Chapter 4 outlines the conclusions of the study and provides recommendations

for future adaptions of this research.
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2 Methods

2.1 Participants

The use of human participants in the study was approved by the University of
Massachusetts Amherst’s Institutional Review Board. All participants had valid U.S.
driver’s licenses and were prescreened for any symptoms of motion sickness to prevent

instances of simulator sickness. Minors and pregnant women were excluded from the
study. The participants were not prescreened for any prior experience driving on the
driving simulator.

Participants were recruited from the UMass Amherst campus via flyers and list servs.
The average age of participants was intentionally low (20.6 years) as younger drivers
are most susceptible to distracting in-vehicle behaviors [6, 7, 8, 9]. Additionally, younger
drivers may have higher trust in automation, due to growing up with technology, and thus
may be more willing to perform non-driving tasks when the vehicle is in automated
mode. More so, just under half of the participants admitted to “texting and driving” within

3 months to participating in the study.

Table 2.1 - Participant demographics

Participant | # Number w/ Average Age Avg
Sex prior Simulator Driving
Experience History
Male | 14 7 20.4 3.6 years
Female | 7 4 20.9 4.4 years
Total | 21 11 20.6 3.9 years
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2.2 Apparatus

A fixed-base full-cab driving simulator running Realtime Technologies (RTI)
SimCreator was utilized in this study, located in the Arbella Insurance Human
Performance Laboratory at the University of Massachusetts Amherst. The simulator
consists of a vehicle cab and five screens with 330-degree field of view, two dynamic
side-mirrors, and a rearview mirror. The front facing screens are presented in Figure 2.1

with an additional rear screen that present the view behind the driver.

Figure 2.1 - Driving simulator at UMass Amherst

The ASL Mobile Eye is an ultra-lightweight and portable head mounted eye tracking
system and was used to monitor and record the eye movements of the driver. The eye
tracker records the position of the eye point of gaze at 30 Hz. The eye tracker has a
visual angle range of 50 degrees in the horizontal direction and 40 degrees in the

vertical direction. The system’s accuracy is 0.5 degrees of visual angle.

2.3 Scenarios and Experimental Design

The experiment was designed as a within-subject experiment with the independent

variable being the in-vehicle tasks. There were four different tasks (Table 2.2), with each
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participant partaking in each task twice in their eight experimental drives. The
participants were instructed to engage the automation, perform their task, and then
alerted to disengage the automation, which occurred alongside a hazard warning (Figure
2.2) 6 seconds before the hazard materialized. It was after this disengagement of the
automation that latent hazards were present. There were eight different hazard
scenarios that were developed, as described Table 2.3, to assess the impact of task

load on latent hazard anticipation.

Table 2.2 - Task labels and descriptions

# Task Label Description

1 Active — Visual Task Playing solitaire on iPad
2 Passive — Visual Task Reading on an iPad

3 Active — Auditory Task Mock cell phone task

4 No Task Control

Table 2.3 - Scenario and hazard descriptions

Scenario Hazard description
#

o Diriver is traveling at ~35 mph on a one-lane undivided surface street.

o Driver approaches a mid-block crosswalk with vegetation on both
sides. A stationary pedestrian is present on the right but obscured by

1 vegetation.

e The hazard alert is provided to the driver 6 seconds before driver
reaches the crosswalk — approximately 90 meters before the
crosswalk.

e Driver is traveling at ~35 mph in the right travel lane on a two-lane

road.
e Approximately 150 meters ahead, a parked car pulls into the right
2 travel lane with their left turn signal on and comes to an abrupt stop.

e The hazard alert is provided to the driver 6 seconds before the
stopped car — approximately 90 meters away from it.

3 e Driver is traveling at ~35 mph on a two-lane divided highway.
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e At a curved section on the roadway, a truck is parked on the side of
the road. A pedestrian is standing in front of the truck but is obscured
due to the road geometry and presence of the truck.

e The hazard alert is provided to the driver 6 seconds before reaching
the truck — approximately 90 meters from the rear of the truck.

e The driver is traveling at ~35 mph on a four-lane roadway (with two
travel lanes in either direction), when approaching a stop sign
controlled four-way intersection.

4 e The hazard alert is provided to the driver 6 seconds before reaching
the intersection — approximately 90 meters before reaching the
intersection.

e Diriver is traveling at ~35 mph on a four-lane undivided roadway (with
two travel lanes in either direction).

e A pedestrian crosswalk whose left side is obscured by a stopped truck

5 in the left lane in the drivers’ direction.

e The hazard alert is provided to the driver 6 seconds before reaching
the pedestrian crosswalk — approximately 90 meters before the
crosswalk.

e Driver approaches a roundabout at ~35 mph.
6 e The hazard alert is provided to the driver 6 seconds prior to reaching
the roundabout — approximately 90 meters before the roundabout.

e Driver is traveling at ~35 mph on a divided highway with two travel
lanes.

e A construction zone on the right shoulder partially encroaches into the

7 right travel lane.

e The hazard alert is provided to the driver 6 seconds before the
reaching the construction zone — approximately 90 meters before
reaching the start of the construction zone.

e Diriver is traveling at ~35 mph on a four-lane undivided roadway (with
two travels lanes in either direction).

o There are parked vehicles on the right side of the road, and a car is

8 flashing their left turn signal to pull out into the right travel lane.

e The hazard alert is provided to the driver 6 seconds before reaching
the parked vehicles — approximately 90 meters before the first parked
vehicle.
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Figure 2.2 - Visual schematics of the eight hazard scenarios

2.4 Procedures
With the expectation of conducting a transfer of control between vehicle automation

and manual driving, participants were prepared to conduct under both circumstances.
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Participants were given alerts to engage the automation and alerts to disengage the
automation, both controlled by scripted software algorithms. Upon entering the simulator
vehicle, all participants were provided a practice drive to familiarize themselves with the
vehicle interface, followed by a counterbalanced presentation of eight experimental
scenarios. At the end of each experimental scenario, participants were asked to

complete the NASA-TLX questionnaire, as explained in the following sections.

2.4.1 Demographic and SSQ Questionnaire

All participants were required to provide informed consent (Appendix A) and
complete a brief demographic questionnaire at the beginning of the session, which
captured their age, sex, driving history, and past texting. In addition, participants were
asked to complete a brief simulator sickness questionnaire that assessed their potential

outcome of simulator sickness symptoms (Appendix B).

2.4.2 NASA-TLX Questionnaire

The NASA task load index (TLX) was utilized in this study to assess the workload of
each participants’ experience during each experimental drive in the simulator. It was
administered via an iPad after every drive for all of the participants in this study. The TLX
questionnaire provided an array of subjective questions (as provided in Appendix C) that
resulted in an overall weighted score of “workload.” The questionnaire measured their
mental, physical, and temporal demand, along with their performance, effort, and
frustration. The six levels of workload ratings were developed to holistically evaluate the
workload, while reducing the variability across all of the participants [10]. While a variety
of other subjective workload assessments have been established in recent literature, the
NASA TLX questionnaire was ultimately selected due to its favorability among subjects,

as described in previous literature [11]. More so, the TLX has been utilized in several
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related fields of human factors research, and have reliably assessed driver performance

against potential stress, situational awareness, and fatigue impacts [12, 13, 14].

2.5 Eye-Tracking Scoring

As previously mentioned, the ASL Mobile Eye tracker was used to measure the
glance behavior of each participant throughout their experimental drives. Once the eye
tracker videos were compiled, they were individually extracted and filed according to
their respective participant ID number assigned by the researchers.

The videos were then imported into the BORIS video editing software, with several
keyboard shortcuts created by the researchers in an effort to expedite the video scoring
process. Each of the research scorers were instructed to watch the eye tracker videos
from each participant, specifically marking the following points:

» Alert to Engage

o The Alert to Engage was marked as the point in which a yellow dialog box
appeared on the screen with the text “start task now,” as well as an audio
command that said, “transfer control now.”

» [Engagement

o The Engagement was marked when the driver actively transferred the
simulator vehicle into automation, via a switch on the steering wheel.

» Off-Road Glance

o The Off-Road Glances were individually marked each time the participant
took their eyes off of the roadway (e.g., looking at the sky, buildings, inside
the cab, etc.), only while they were engaged in vehicle automation.

» Alert to Disengage
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o The Alert to Disengage was marked as the point in which an audio command
stated “takeover control now” while the participants were simultaneously
presented with a graphic of the upcoming hazard (Figure 2.3).

» Disengagement

o The Disengagement was marked when the driver actively transferred the

vehicle back to manual control, via a switch on the steering wheel.
» Hazard Detected
o The Hazard Detected was marked as a binary variable, particularly when the

participants glanced at the approaching hazard.

Figure 2.3 - Screenshot from the eye-tracking video showing hazard alert

Two researchers independently scored each video, with the mean values being
taken. Before conducting the analysis, the intra-class correlation (ICC) was calculated

between the two scorers to determine the interrater reliability. For total off-road glance
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duration during automated driving mode, the ICC was calculated as 0.99, which
indicates high agreement in the two scores and gives confidence in the results.
However, the ICC for the transfer of control time was calculated as less than 0.50, which
indicates little to no agreement in the two scorer’s values. Due to this low score, the

transfer of control times were not considered further in our analyses.
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3 Results and Discussion

The following sections discuss the results from the driving simulator study, including
the driver workload analysis conducted from the NASA-TLX questionnaire, and the

driver glance behavior from the eye-tracker analysis.

3.1 Driver Workload

The NASA-TLX questionnaire was administered after every drive to assess the
workload placed on the driver as a result of the in-vehicle task. The full results are
shown in Figure 3.1 and summarized in Table 3.1. The audible task had higher scores in
five of the six categories as statistically compared to the no task group, meaning the
audible task placed the highest workload on the driver. The solitaire task had higher
scores in four of the six categories, and the reading task had higher scores than the
control in three of the six.

Interestingly, the audible task had a significantly higher mental and temporal
demand, along with effort and frustration, on the participant’s workload as compared to
the active task. From this, we could conclude that a cell phone conversation could be

more mentally distracting than a touch-centric task such as texting.
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Figure 3.1 NASA-TLX scores for the four in-vehicle tasks
Table 3.1 Mean NASA-TLX scores by in-vehicle task
Mean (St. Dev.)
Metric - " -
Active Task Visual Task Audible Task No Task
Mental 54.5* (24.8) 65.5" (21.7) 70.9% (21.8) 29.4 (24.3)
Demand
Physical 41.7* (26.9) 28.8 (24.3) 37.8 (25.7) 26.8 (22.2)
Demand
Temporal 35.9 (21.3) 45.2* (23.7) 59.2* (27.0) 27.2 (22.9)
Demand
Performance 45.0* (25.6) 40.9 (25.7) 48.4* (24.1) 29.0 (23.1)
Effort 50.9% (21.2) 51.7* (23.9) 64.9* (21.6) 30.2 (24.2)
Frustration 22.2 (20.6) 28.7 (25.1) 36.6* (28.3) 18.0 (19.6)

(*) indicated statistically significant difference compared to no-task scenarios
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3.2 Off-Road Glances During Automated Driving

As shown below in Table 3.2, participants who performed the active and passive
visual task spent the most amount of time, on average, glancing off the road during the
automated driving mode with a mean off road glance time of 51.2 and 47.8 seconds,
respectively.

By contrast, the mean off road glance time was much lower for the active auditory
task (mock cell phone conversation) and the control (no task) groups, with mean off road

glance times of 16.2 and 11.5 seconds, respectively.

Table 3.2 - Mean off road glance time by in-vehicle task

Task Label Description Mean Off Road Glance
Time (sec)
Active — Visual Task Playing solitaire on iPad 51.2
Passive — Visual Task Reading on an iPad 47.8
Active — Auditory Task Mock cell phone task 16.2
No Task Control 11.5

3.3 Hazard Anticipation

Despite drivers in the visual task groups spending more time glancing off the road
during the automated driving mode and requiring more mental and temporal demand
and effort, there was no significant difference in their perception of the latent hazards as
compared to the control group, as shown in Figure 3.2.

The audible task, despite eliciting a much higher workload than the control, also did
not have a significant effect on hazard anticipation. These findings suggest that the 6-
second alert was sufficient for the driver to re-engage with the driving environment,

become spatially aware, and detect potential hazards.
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Hazard Anticipation - After Disengaging
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Figure 3.2 - Hazard anticipation by in-vehicle task type
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4 Conclusions and Recommendations

Twenty-one participants drove in a simulated environment across eight different
scenarios to compare how four different in-vehicle tasks that were performed during
automated driving affected hazard anticipation after re-taking manual control of the
vehicle. An alert of a potential hazard was provided to drivers 6 seconds in advance of
the hazard materializing, and the participants were instructed to disengage automation
and take back control of the vehicle.

The visual and audible tasks elicited a much higher workload than the control group,
as captured by the NASA-TLX questionnaire, and drivers who performed the visual task
spent, on average, 30 more seconds glancing away from the road during automated
driving. Despite all this, there was no statistically significant difference in the hazard
anticipation between the groups who performed an in-vehicle task and the control
groups. In fact, drivers who performed in-vehicle tasks during the automated driving
perceived more hazards than the control group, suggesting that the in-vehicle task may
have kept them more mentally engaged. However, this difference was not statistically
significant, and a larger sample of participants would be required to explore the
interaction further.

The findings of this study suggest that a 6-second warning time is sufficient for
drivers to re-take control of the vehicle and become spatially aware, even after being
previously distracted by an in-vehicle task. However, this study provided a specific alert
as to the upcoming hazard. Future studies should explore if this same finding is true
without the specific alert and if drivers can quickly become re-engaged with the driving

environment after previously being distracted.
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Appendix A: Participant Informed Consent Form

Lol

FPERFORMANCE EVALUATION STUDY

INFORMED CONSENT FORM
Primeipal Investigators: 0, hichee] Knodler, O, Cole Fioeparrick,
{raneesh Pai hMangzlnre and Francis Taimter

Spomaor:

Project Title: Driver Behaviar in Level 2 Amomation

L. WHAT IS THIE FORM?

This is an Infermed Conserd Form, T will give vouw informaiion #bout this sfudy s0 you can
mzlee an mfnrmed decisicn ahomt participating. ¥on need 1o be 12 years of nge penlder ta give
imbmrmed conseni.

X WIID IS ELIGIBLE TO PARTICIPATE?
a) The subject populatiors will consist ol sdulis ages TB 1o 25, who have & valid ULS. diving
Licazomse:

by Tfyou are rEnkes i gerting motion sickness, wou sheald not partcipate in this sudy.

L WHO IS SPONSORING THIS STUDY?
The University of Masgsehuscts Transporistion Cester ie apoesoritg this sudy.

4. WHAT IS5 THE PURPOSE OF THE 5TUDYY
The primary purpess of the sbody is to evaloate driver behovior when drivers are navigating
wirlual emvirooments in a simulatar cab. Participants are asked (o navigabe varioes virlual
ciivironenezis ai g deivisg alenulaver while their cyes s wacked waing an v acker

5. WHEHRE WILL THE STUDY TAKE FACE AND ITOW LOMG: WILL IT LAST?Y

oo will teke part in o4 45 to Sd-misote sesbon, which inelsdes time o compless
grstiomnaires, fime to perform the eye calibmtion procedare, and ip drive om the driving
simalates. The study sessicns teke place atthe Human Performance Laboratary {Elah Building,
Foven 1100 kcsted in the College of Engmesning ol e Universfty of Mamsschusells in
Apnherst,

WHAT WILL I BE ASKED TO DOY

The experimentes will hriefly exqplnin the geals of the sbady ond the session procachires,

ii} Yo will then drive on the driving smulsor. Bedfore the simulator drives begic, you will be
firted with a beart rate moaitar om your chest ender your chrtbing,. It will remaim for the entirety
ol the experimwanl. You will =il in the drivmp simalsior and e Oked with o hesd-mounial e
rracking deviee thar helps ua betler understand vour eye bebondor during the experiment, The
eye traciker is emsertially 2 pait of safety glasses with twa mimiolure camems mountsd on it
The plasses are conoected by a small cable to a videe recorder. There will be an eye tracker
calibraticn poutine that will ta%e place. For the calibmation, the nesearcher will fit the glasses
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ot yind ared then sk yow o ook al eertaan objects o vour Geld of view, The calibration procsss
takes approximately 3 mimites,

Oinee the eyve tracker has bezn calibeated, you will be given & shon 2-3-minae prctice drive
to hecome used in che eve tracking device znd the driving simalaieor (including the virbaal
imyiromment and the simulator contrals). Onee vou el comlivable in the simulator, yow will
deive B cxperimenial delves than will dakis 2-3 padnstes cech, Dustng the simubaor delves, you
will aither drive the simalatiom in 2 maneal enr oF in oo actamated vehicle e detemmined by
lhe experimenier. 1§ manually conbredling the car, you should operale the contreds ol the
simnudstor cer just as vou would thoss of any olher car and move theoagh the simulbaned wodd
wceondingly, You showld folkow the speed limic and standard naes of the read and take care
when broking. If at any time during the drives you fee] discomfort ar metion sickmess, you
should colify ths experimenter so that they an stop the amulstion. I navigsticg
gotceuronsly, vou are expistad fo have your bands of the sleering wheel even tbough the
simudacor will handle the mareuvering (steerivg, hraking, accelerztion and other wehicle
oomira] parameters) aspect of your drivimg threoghmet the entire simuelation. Yoo are alss
pxpecied 1o pay alenlion o the loreard rosdway even thoogh e wehicle hendles wour
navigadion in amoansmoua driving.

At the end of each drive you will ke wsked so fill up 2 MASA TLX guestionnaire asking yoa
ahout the worklnad felt daring the drive. The guestionnaire will be given io yee on an 1-Fad
by the student nesearcher and will take 2-3 mimates o complede it.

U all thy experimental doives ame complebel, yeu will be given a briel poes-saperiment
questipemaine asking abour your deiving histors, demopraphics, decigion making, amd aey
peescriptinns thet coald affect your driving. Yow will alss complete 2 paoyneent woucher, and
then receive pavment for participating in this study. The entire study session is expecled o
AR Al 45-54 minutea,

ARE THERF ANY RISKS WITH PARTICIFA TION?

In termas of risks, there iz o glight risk of simaleior sickness when you opersde the drivieg
simudacars. A small perceninge of participants who drive the simulator experienoe feelings of
nauscd. The lab typically runs up bo or over 1,000 participants per voar in sisnulavor studics
il the peacarchers are familiae with hes to mindmize the risk of partelpests fezl i on che
simudacor, Monetheless, some participants ey il mat feel well while driving the simulatar.
Because af this sisk, aoy person who experiences motion sickoess while im o real cor shiould
ot partivipgie io this stelv. [ during the samudaier deves, you legl discomCorl ur nsuses,
i should infiem the expericnenter immediately 3o thot the: sinulation con he stepped. Halting
the simulation should quickly reduce the discoménrt. 1F wau do nat feel better scom after the
simmudstion is helied. we can arrange for someane 1o deive vou home oc help you seek medical
e If penessary,

The to the design of the simulation drives, some participams may feel that theey are not drving
1o thesic full ability. Some parscipants might beve The good feel of driving the stmulstar

M risks relsted oo economic wedl-being will oocwr in the participants in this shody, They
receive compensation for their participation.
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There ane "No Kncem® risks peraining to soclal well-being

5 BENEFITS ASSOCIATED WITH PARTICTPATION?
Participants will nol benelil dirscly Inom this stady. The main beoelil of participating in this
epady Ie that the simulaion asscssment ey help vou become a aafer, beter deiser, Moee
penerzlly, the findings from this research will influsnce the understending of safety and the
trainmg of safie bekasiars for all drivers.

B WHO WILL SEF THE RESULTS OF MY PERFORMANCE IN THE STUNY?

The results of this research may be published and submitted for presemintion at professional
society mestings. Mo participant will be identifizhle ffom any pressntativn or publicetion
discuseing the reacarch. The sroe-refierences i participants and thele randomly goncraiad
coded T rumbers will ke comtaimed in a passward-protected Micresnft Excel file stored on
the laiy's minmge drive, which is oot conmected fo the imiemet and is anly accessihle by lzh
perstomel. Only 1sb persunoe] working as nessarchens on ke study will be authorized (e acoes
he paeticipant 1T covas-refierences file, Al data fikea, partieipaat questionnalees, and slslator
mnd. eye trocker videos for the sudy, excegt the cross-reference file will comtnin only cthe
participais randemby generated coded ID number and ne identifying mErmabion. [tis pessible
Uhsatl your piscarch mocond, including seneilive infoomation and'er ideniilying inlormation, mey
he imepected and'or copied by federal or swie povemment agencies, in the course of camying
put their duties. [ your recard is inspectad by any of these agencies, vour eonfideriality will
e maimiaiced 1o the wclent pemissibles by Lo

10 'WILL | RECEIYE ANY PAYMENT FOR TAKING PART IN THIS STUDY?
Partivipunts who complets (ke siedy will receive 520 cumpensalion lix your padicigation, IU
o declde so end your partlelpation Lo the stady before the end of your session sither due 1o
simudacar sickmess o odher reasoms, yom will recsive portial compensation of 100

TL WIEIAT IF [ HHAYVE A QUESTIOMN?
Shoukl you bave 2oy gaeslions aboul the experment or any olfer malber relative o your
participssion in thia projess, you may contact the peimary shadend rescanchers mrlh.lam:h
(Genesh Pai Mangalore, at gnaimangalorifumass sdu, Francis Tainter, at fninteniumass sd
ur the professons in change of thds research, D, Caole Fitepatrick, ot gllpalifamass edy, ar
Profiessar D, Macisael Knodler, st gilmnodlen@ecs uiae edy 1E during the stady o later, you
wish to disewss your participaticn or concemns reparding it with 2 persom nod directly invelved
ins the research, you can talk with the University of Massachusetrs-Amberst’s Himmmm Subjects
Ressarch Adminssiraior ab 413-545-3428 or humacsubjecs@or mmasseda 4 copy of this
consety; Gorm will be glves te you to kesp Bor your eecards

1L WHAT IF I REFUSE T GIVE OR WITHDRAY MY FERMISSTONT
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Yo parlicapalion is vodunfacy and you may neliss o participale or may wilhdoaw consend and
discomiinue particlpation in the stody at any time withot prejudics.

I3 WIIAT IF I AM INJURELY

The Univemsily of Massachusetis sl Amberel dos nol Dave a program foc conpeosslicg
suhijeets for njusy or complications relaied o human subjects’ research, but the smdy personned
will nssist yon in getting trearment i vou have sustoined any injuries becouse of the sudy.
Yia cam comisct Frofessor D, Michae] Koodler, Dr. Cols Filepatrick o studenl nessarchens,
Gianesh Pal Mampalors and Framess Tainter, for tads aasistance. Thelr sontact infoemation (s
included nhove in section L1, “What if | Hove n Question™

14, SUBJECT STATEMENT OF YOLUNTARY CONSENT
By signieg below, [ eonfinm thai the sxperimenter bas explaioed to me e purposs of the
research, the siady procedurer chat | will wadergo and the benefile 25 well as the peasible
Tiskes, including the passibility that T might feel goeasy an the driving simalatos, Alematives
Lo mmy participation M e shudy have s bie discumsscd. 1 e riad wd 1 esdenstand this
CONBEH,

Printed reene andd gignahare of participant Dt

15. EXFERIMENTER STATEMENT
By sagniveg bolowy, Lihe copeteweter, indicate that the partieipast bas read and bas hid
explaimed to them this stedy, and hed any of their questions mewered, and bas signed the
[nfnrmed Creesent Form 2s raguired ohove.

Sipnarare of person obimininp informed coesent Mnte

Brerwn i ol b ol of mire o 80
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Appendix B: Participant Questionnaires

SIMULATOR SICKNESS QUESTIONNAIRE (550)

Dewelozed by Bkt 5, Kmnedy 5 oalbagaues under vans proees. For cddinional mfoemation oo
Fozbaen . Foeanesdn, FEEL Aozt i, TS0 Wiorslooodk Famed, Suise 227, Orlendn, FL 32803 (20T BOL 50240
0% FOREEA AT AN PREOOYIDEI S THIS G ESPHPSSATRE IS STRICTTLY LU EFHESNTIAL

¥ mar completinn of Hals guiestbonnoire e strictly voluntary and von con sldp any quoestions thot
v el vl 0 e

PaFricipant 11 Ikite=

IE

S A Ty
PRE-EXPOSURE BACKGROUND INFORMATION
1. ey lone hos it been sinoe your st exposune in a simualoor? davs
Howiw D hes o1 B e el last Flighd inoan aceiafe? s
Howy liiag hins it heen sinee vour last vovage at sea? cavs
Huw Jormgs Tises 01 Bz senase waur Lasd cxpognrs mea sarlonl covaroanmsen? [REEEY

1 Wiat otber experience hove voul hed recently in 2 device with unusual inatian?

My | k]

ad

Are o in vour usual state of filness? {Cincle ome) TES Mih
WnoL pleise indicaie the reason:

4. Hawe von hesn il in the past wesks? (Cincle ceeh TES ik
IF *%es®, please indicne:
dl The malure ol e illness (e cold, ele )k

Iy Severity af he llsess: Very Very

Llild Eeven:
] Lecrngstly axl" ildnazs = Huours  Diivs
i Wlnjor sympdnims:

el A vou [ully recovered®  YEE RO

i Heaw much alcohal have vou corsunsed durine the past 24 hours?
12 nz. caresbottless of baer LTS Wil aunces hard liguar
. Pleme indiceis all medicaticns vou have used in the prst 24 hears. I neise, check the
first lime:
al NONE

by Sedatives or tanguilizers

el Aspinin Tylenol, other amalpesics
dy  Ardihistemines

¢] Dhecongestanis

1 Chber (specl)
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T a1 Huvww mamy B ol slosp disd vou gl last mght? Frrurs
B W Thes sanpomil snlieient ™ O el aned YES  ND
L Plemse i1 any oiher conuments regarding. vour present physical stale adiich

might allecl vour perlommance an car lesk

BASELIME {PFRE} EXPORURE SYRPTOR] CHECELIST

Listpctiees:  Flase DI Gos ool BEFORE Se gl e veetos] envemommen®. Creele s anuch each
aymiprtimm halowy is affecting yow rieht now.

i Symptum Severify

1. General discomivr Mune | Elighl | Blederale | Severe
E. Fatigue MNone | Elight | Moderate | Sever
i Boredom Mone | =light | Mederabe | Seveme
4. [Drnwsiness Wone | Blight | Bloderate | Severe
5. Hendacle Wone | &light | Moderate | Sevene
i, Ewe sarmin mane | Slight | hdederane | Severe
T [Ty focusing Wone | Blight | Moderaie | Sevene
X Halivarion ineroced mhie | Rligd | Adederane | Sevene
Bh, | Balvarion dg el Wone | Sl | Bdesderate | Sever
o Sweiting Wone | Slig | Medderaie | Sevese
14, Pdaeas Moo | Bheiid | Rleslerate | Sevon:
11. DTty sipe plraling Wone | Sl | Rleslorale | Sevone
12. Mertal depression Wone | Blighl | Moderale | Severe
13 "Tuallrvess of the head™ MNone | Elight | Moderate | Sevens
14, Gilurred Visivn Mune | Slight | hloderale | Seven

154 THzzimess with eyves opet Mone | Sl | Blederale | Severe
15h. | Dizziness adh eyes closed | None | Rlight | BModerate | Severs

16 *Werlign Wone | &Blight | Moderate | Sevene
7. 5 ieal flashbacks MWone | Blight | Bloderate | Severe
18, F miniess Mane | Sligh | Moderate | Sevess
14 A {Il“hl.'.ll_llil'm MG F.m_;l"ﬂ Pelioselerane VTG
2. e Sraivcll awarencss e | Klisf | Aoderare | Meves
21| Lo of appsetite Miie | Bliggn | Medderae | Bevese
2. Inireasad appsidile Mome | Shehl | Rlesderate | Sevime
=3, Dhesioe: Lo neoye buwels Mone | Slighl | Bloderale | Seveme
24, Clomlusiim Mone | Shefil | Rleslorate | Seven
Z3. Burping Muone | Blighl | hloderale | Severe
. Yomiting Mone | Elight | Mederate | Severs
=7, CHher
= Werlipse in enprerizreead s brea ol imienicim with respad b v o] usright

B Vieual illemion o e mi L or Bl seneaikes of mneement, whe nod inthe sirulalie, car, o sremsdl

e Soormakch waarerees 5 s lly used 1o indite 8 Gl of e o whish is jeed shorl of renesn



SIMLI A TOYE,

POST 00 MIHUTES EXERSURE SYRPTOMS CHECELIST

[nstmactives: Circle how much cach symptom helow is affzctmg vou gdghl poy.

¥ Symphum Seawrily

1. Crenerad discombur Wune | Slighl | Klederale | Sevene
- Fatigue Wone | Blight | Moderate | Sevene
1. Diaradom Mone | Slight | Moderale | Sevene
i, Drrasiness Mone | &light | Moderate | Sevene
5. Hendache Mone | Slight | Blederate | Severe
is. Frve sirin Mone | Blight | Moderate | Bevera
T Infficehy foousing Bone | &light | Moderate | Sevene
Ha Salivarion inerzased wone | Slisfn | Moderare | Sevese
Eh, Salivation datieisead Maie | Sheid | lederae | Severe
q Hwcariing mie | Bligd | Bdederane | Sevene
1il, I ETTESH MG Hliﬁ'ﬂ Peliselesran: UG
11. Dhilicidly conroritraling Mg | Sheft | Rlesderate | Sévim
12. Bl depricasrmn Mo | Shefd | Rleslerate | Sevone
13. “Fullereess of s Eread™ Muone | Slighl | Bleslerale | Seven
14. Blurred Visico Wone | Slighl | Mlederale | Sevene
13a | Dizriness with eyes open Mone | Blight | hloderate | Severe
15k, | Diewimess wilh eyes closed | None | Slightl | Mederale | Sevem
14. *Werlign Mone | Elighl | Blederale | Severe
17, ** il Mashbacks MWone | &light | MModerate | Sevens
18. Faintress Mone | Blight | Moderate | Severe
19. Awvare of hreathing Mone | EBlighl | Bloderate | Severe
i R e hoamach Awarenss MWone | Slight | Mederate | Severe
=1, =] |:f:r||||'h.'|i||.' MG I"|||_|;.._-;l"|1 Pelostlesrane b
& Tnerasaeld apeedile M | Bl | Blesderate | Sevome
T3, Bhes e T e hiarels mrie | Blig | Adoderane | Sevene
4 Cantusting Mo | Sheht | Rleslerate | Sevine
Z3. Durping Mone | Slighl | Blederale | Sevene
=h. Virniling MNune | Slight | Mederale | Sevene
ET. [Hher

T Wi b eperizmasd s koo el iriendstien with respead b verasl uoephl
2 Vsl Mugien ol movmenter Gbe sereedume of movcamaenl, when g on e simolabor, e o serersil

sk Siomnach mwvarens 52 is el ceed o mdicas o Geeling o diseomioed which e juet £2om of nasean

PO T-ER FOSLURE IMFORM ATION

I.  While in the virwal enviroement, did vou get the feeling of motion {i.e., did oo experience a compelling

semsalzon ol sl metion 2 1hough vou wers acboally mevang ! (e pos
SOMEWHAT

ks

TES MLE

300 D oy wosnal evinbs acor during your capasure? Ll ol
h, IF YEX, please describe:

TES RO

(n o seale af [ (PUOCHE e 10 (EXCELLENT ) rate woor perfommanes in the virael envircment:
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Particapant [

I_Rn.:ul-.ﬂl AT RS O ||'_-.:l

HUMAN PERFORMANCE LAB

POST-STUDY QUESTIONNAIRE
This is a sirleily confldenitlal questionnaive. Qnly & randomly generated participant 1T sumsber, assigned by the
research administrasor, will be on this questionnaine. Mo nformation pepoatad by yvou bere will be traced back
to you personally inagy way, Yo can skip any guestions yon do mot feel comfortable answering.

Section 1: Demographics
Gender: O Male 0O Female
Agr:
Race / Eibnicity: D Black / African Amserican O Asian
{check all that apply) O Caucasian O Amsersesn Indinn / Native Alaskan
O Hispanic / Latino O Oheer
Have vou participated in a study ot this laboratory in the past? O Yes O Neo
Section 2:  Driving History
Approximasely hiow bong have you had your driver's license? YEArs maonths

About how many miles did you drive in the past 12 montha?
O Lesschan 5,000 O 500000 10000 O 10,000 1o 15,000 OMore than 15,000

Diow=: vour License require you b wear ghses or contacts while driving? O Vi, eveglasses
O Yes, contacts O No
Do vou have any other restrictions on your drivers license? O Yes [
If yes, please describe:
Ade you curmently on any over-lhe-coanter g
prescription medications that make it dlficult to drve? O Yes O Ne
If yes, please describe:
I the past theee months, have you text messaged while driving? Ove: DOXNe

Note: Beomuse of I Baaning text mezsaging wiile driving [n pumber of shates, and o propozed low for such o
Ban in Mavrachusetfs, this quettion may be asking you fo dividge enpagdmiind in an Slegal activily, ®
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Appendix C: Sample NASA TLX Questionnaire

Tank (horstsmmaury - Pari §

Click on rach scade ot e powa that Tess indicates youwr expevience of the ik

L ity Sty Pt e Ser it vy s reoeew] 19 Peuet] Sededng
[m!il.lll.li||1 ']’['Igﬁmw*"“"““'“m
Phyaical Damand

e mrh prelcs Borwity wom WO OF § pathing polng. LIy [oadmEng
| SO Y VRS P S Ty O OO the 00 DO 00 B FTeNR

[ |'I.'.I?‘ el i
e el
7 P P R P R A
- Hgh
Parlormance
T T R T R T R R R ey
de ] 1 | I 1 ] | | F!‘n:-:r S e

ljll]|[1|l$][|][llllh] P 0 1 R WO Bty 4 Y SRR T e

(Ha )

Freviratce
L D Dl e Ll D D ] ] e e e e T i
wow gr

Tusk Qruestiommase - Part 2
Click oo dee fucten tha cepresents e mome impegianl coadaton io wonkloed for be wsk

] : How Fuch phyesical achvisy was noguined jo.g. oushing, puleg, luming conmroling,
Physical Demand achtmting, wici™ 'Wias e sk aasy or damandng, slow of Weisk. slci or stranuos
raeffill o fshinnnus?

or

| Hrw ingecure, dsrouraged, arizled, shressed and aomoysd veses ssewe, prabied,

| Frustration zonmiert. reaesd and complcent ad gou led dunng the sk

Task Chesstionnars - Hart 1

Click ooy the fuetor et sepreseats the more imponiant comrtbuto o wonbklead fon the sk

Effart Ho hiand Jid vou heve e ewerk cmantally and pivesically) to sccommieh yeur heyval of
e lunmance?

or

Hurws much prysical achvity wae mnuirsd (s g pUshing, miling Soming conlroiling
Fhysical Demand aclivating, elc]? Wea the Bek esgy o demanding, slos of ridk, SAC of SUEAUOUE,
resTul ar labonous?
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Task Questomame - Pagt 2
Click o the factes that represents the more itnponiant cotrribunor to worklead for the task

Hovs much bma pressune did youw fee! due 1o the rade of pans sk wiich the dasks or

Temporal Demand bask elements occurred? Was the pace sow and lelsursly or i and frantic?

ar
Hvs much mental and perceplual aciedy w2s eouied (2. fhckng. deoding

Mental Demand cakulating ramambanng, lookng, ssscceing, shai® Was tha task aazy or demardng,
simple o cerples, exaclig o igiving?

Taak Questicnnane - Part 2

Click on the factor that represents the more impomant conrribaror o workload or the mzk

How much ame pressure did vol fecd due 1o the rafe of pace al which e tasks or
| L | 23k 8RMEnts accured? Was Ne Pace Slow and lesuraly o i and Mandc?
oT
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