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I’m Dr. Naomi Swanson and along with Dr. Ted Hitchcock it is our pleasure to serve as moderators for today’s webinar. On behalf of the NIOSH Working Hours and Fatigue workgroup, we are pleased to have you join us today with our featured speaker, Dr. Don Fisher. 

Don is the principal technical advisor in Surface Transportation Human Factors at the U.S. DOT Volpe Center. His current research interests are in human factors and surface transportation, especially automated vehicles, distraction, and training. He is editor of the recently published Handbook of Driving Simulation for Engineering, Medicine, and Psychology and has over 450 scientific publications and presentations.
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Just a few housekeeping items before we start today’s presentation. For those of you who are joining us through Adobe Connects, the audio will come from your computer speakers or headphones. Please ensure that the volume is turned up to a comfortable level. For technical issues, please contact the Adobe Connects meeting support. Please note, additional information is provided on the right side of your screen. Live captions are also available at the bottom of your screen for anyone who would like to follow along. 

Folks who are watching the RECORDING may email Total Worker Health to request the transcript, to supplement their viewing experience.
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Much of what was covered in the previous slide is included in the “Notes for Attendees” box, so you can refer to that throughout the webinar. 

Also during the webinar, you can submit questions, comments or problems to the Q&A box on the bottom of your screen. All meeting hosts will be able see what you have submitted and can respond accordingly. You may submit questions throughout the presentation, however, please note, content-related questions will be only be addressed at the end of the webinar during the Q&A session. 

We are also pleased to provide closed captioning that you can follow along with at the bottom of your screen. 



- NSwanson@cdc.gov
f . EHitchcock@cdc.gov

Presentation information:
https://www.cdc.gov/niosh/topics/workschedules/webinars
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For more information about this presentation, please visit the NIOSH Work Schedules webpage.  

Thank you for your participation today, and now I’ll turn it over to our featured presenter – Dr. Fisher
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Good morning.
My name is Don Fisher
As Naomi just indicated, I am now a Principal Technical Advisor at the Volpe National Transportation Systems Center in Cambridge, Masssachusetts and a former Department Head in Mechanical and Industrial Engineering at the University of Massachusetts Amherst.
I want to thank you for inviting me to present at the NIOSH Director’s Webinar Series on Working Hours, Sleep and Fatigue
-----
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Part I.
Together with Steve Popkin, the Deputy Director for Research and Technology at the Volpe Center and well known to many of you because of his research on shiftwork and fatigue, we have been putting some thought into how fatigue will interact with automation in the vehicle.
However, before we delve more deeply into that interaction I want to first lay out the background for this discussion.



Fatigue

Fatigue 1s MORE THAN sleepiness and
Its effects are more than falling asleep.
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Of course, as you all know, fatigue is more than just sleepiness and its effects are more than falling asleep.



B
1999 U.S. DOT Operational Definition

Symptoms: Fatigue is a complex state characterized by a
lack of alertness and reduced mental and physical
performance, often accompanied by drowsiness.

causes. Fatigue may be caused or exacerbated by any or
all of the following: lack of sleep, disruptive work/ rest
cycles, neurological conditions, excess mental or physical
workload, exposure to extreme physical conditions,
emotional stress, the use of drugs or alcohol, iliness,
and/or monotony.
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Using the Department of Transportation definition, fatigue is a complex state whose symptoms are, in part, a lack of alertness along with a reduction in levels of cognitive and physical performance.
And the causes of fatigue are many, some of which are listed here.
The causes do include lack of sleep, but they also include, among others disruptive work/rest cycles, emotional stress, and neurological conditions like sleep apnea.
-----


What is the Cost of Fatigue?

Q 1990: S77 billion per yearin U.S.1

O 2004: S200 billion in U.S.2due to:
= |ost productivity ($79.7 billion)
» Healthcare costs ($28.3 billion)
= Absenteeism ($50.4 billion)
= Turnover ($39.1 billion)
= Accidents ($8.5 billion)

O S$8,577 per employee in extended hours operation

Institute for Circadian Physiology, 1990; 2Circadian Intnl, 2004)
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Why worry about fatigue?
Well, in dollar terms alone the costs of fatigue are staggering.
Considering just the United States, the cost was estimated at $77 billion in 1990 and had increased to $200 billion in 2004.
These costs can be attributed to decreases in productivity along with increases in healthcare needs, absenteeism, turnover and accidents.
*****
This translates to about $8,577 per employee (est. 23 million workers in extended hours operations)



What are effects of drowsiness on driving?

Q Fatal crashes

= 2.5% of fatal crashes (NHTSA, 2018)

= 21% of fatal crashes (Tefft, 2012)

Q Drowsy driving prevalence

0 Shiftwork (other)

Employed Self-Employed

mM-F EM-F

B Other B Other

DLF

Costa et al. (2004) e Voipe 11
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Of courses, the costs can be measured not only in dollars.
They can also be measured in injuries sustained and lives lost.  
NHTSA estimates that approximately 2.5% of fatal crashes involve drowsy driving (NHTSA, 2018).
However these numbers may be an underestimation of the problem by a considerable margin.
The AAA Foundation for Traffic Safety using different techniques estimates that 21% of fatal crashes involved a drowsy driver (Tefft, 2012).  
It’s surprising that these figures are not even higher, given that:
60% of Americans have driven while feeling sleepy,
37% admit to actually having fallen asleep at the wheel in the past year, and
Over 78% of Americans do not work a regular Monday – Friday shift.
-----
In 2014, The National Highway Traffic Safety Administration (NHTSA) reported 846 fatalities and 82,000 motor vehicle crashes as being the direct result of driver fatigue each year in the US. (NHTSA, 2018)
However, there is some controversy over how exactly to measure which crashes are ones that are fatigue related.  
The AAA Foundation for Traffic Safety analyzed data from NHTSA's National Automotive Sampling System (NASS) Crashworthiness Data System (CDS). By using a multiple imputation methodology they estimated 7 percent of all crashes and 16.5 percent of fatal crashes involved drowsy driving. If this estimate is accurate, it suggests that more than 5,000 people died in drowsy-driving-related motor vehicle crashes across the United States last year (Tefft, 2012).
According to the National Sleep Foundation’s Sleep in America poll, 60% of Americans have driven while feeling sleepy and 37% admit to actually having fallen asleep at the wheel in the past year.  https://sleepfoundation.org/sleep-topics/drowsy-driving
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Note that within transportation drowsiness, and more generally fatigue, is not just a problem for passenger car drivers.
It is also a problem for bus operators, taxi drivers, truck drivers, and on and on.


What has been done to address fatigue?

Reviews of
Human

Factors and
Ergonomics

VOLUME10  Worker Fatigue and
Transportation Safety

Edited by
Stephen M. Popkin

Popkin, 2015
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So why are we here today?
It is not as if these problems are not well understood.
Indeed they are well understood.
Moreover, a great deal is known about countermeasures that might be taken to reduce worker fatigue in the transportation sector.
“For example, the U.S. Department of Transportation (DOT) Safety Council is sponsoring several fatigue management products, including specifications for the next generation of fatigue and performance models, an accident investigation methodology, and a document outlining current experience with both hours-of-service rule making and fatigue risk management systems (FRMS). These efforts are producing approaches that can be turned into tools for use by regulators and industry (Popkin, 2015).” 
Transportation organizations are themselves employing fatigue risk management systems and technologies that include education, health screening, scheduling, and monitoring. (Popkin, 2015)
Finally, outreach to labor organizations, vehicle operators and their families, and the general public about the dangers of fatigue continues unabated. (Popkin, 2015)
******



Then why does fatigue persist?

Credit: openclipart, Anarres

O It’s economically convenient for both the staff and the companies

O There have been long histories of collecting bargaining that make it difficult
to get the elephant out of the room

O Thereis a lack of awareness and appreciation about the elephant itself
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Yet, fatigue continues to stalk us.
Why does this elephant stay in room?
There are many reasons.
Here are three:
First, it’s economically convenient for both the staff and the companies.
Second, there have been long histories of collecting bargaining that make it difficult to get the elephant out of the room.
And three, despite all that has been done, there is an appalling lack of awareness and appreciation for the elephant itself. 
The film I showed at the start is just one example.
By and large, drivers think that they can stay alert by opening the windows, playing loud music, chewing gum, or any of a number of other strategies for which there exists no hard evidence.


So, what’s a person to do?

INSTEAP OF SITTING HERE FOR YEARS,
| SHOULP &0 OUT, SEE THE WORLEP ANP GET
A NEW PERSPECTIVE."

WWW.FANTKATAN.COM - 4 CARTOON BLOS BY AHMEPFANT

Cartoon by Ahmedfani; URL in notes
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So, what is a person to do?
*****
Permission granted in email by Ahmedfani.  URL for cartoon: https://www.google.com/search?hl=en&biw=1422&bih=589&tbm=isch&sa=1&ei=8vmkW5uZFojm_Qaf9peoDA&q=the+thinker+cartoon+isntead+of+sitting+here+for+years&oq=the+thinker+cartoon+isntead+of+sitting+here+for+years&gs_l=img.3...40861.47016..47291...0.0..0.139.3493.19j15......1....1..gws-wiz-img.......0j0i30j0i8i30.mhl72Les4x8#imgrc=MIMdoMjlxdAhFM:


Fatigue, Automation and Transportation

Credit: openclipart, DG-RA
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Perhaps the answer to the problem of fatigue, at least in transportation, is automation.
*****
Car DG-RA 
https://openclipart.org/search/?query=DG-RA+car


Automated vehicle

/

<ASS QUIETLY
DRIVER ASLEEP

T e ———————

Credit: Google images, noncommercial reuse
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At first blush, automation seems like a godsend.
A vehicle with advanced steering, braking, accelerating and decelerating capabilities could take over if the driver fell asleep and guide the vehicle to a safe landing.
However, as we will see the relation between fatigue and automation really needs to be much more nuanced.  
*****
Pass quietly, driver asleep | Bainbridge
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=BpGmW8W3Feq2gge984DAAw&q=pass+quietly+driver+asleep&oq=pass+quietly+driver+asleep&gs_l=img.12...0.0..242...0.0..0.0.0.......0......gws-wiz-img.Q9uIDH853Ow#imgrc=MswYSOr36pcr5M:



Automation will be a long time coming

Penetration of Vehicle Fleet of Autonomous Vehicles

70%
60%

50%

40%
30%
20%
0% — . DLF

2020s 2030s 2040s 2050s

Percentagge of Vehicle Fleet

X

B Lower MW Upper

Litman, 2018
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In part this is because we are decades away from the point in time when all vehicles out on the road will be fully automated.  
Note that fully autonomous vehicles (L4, L5) are not expected to reach 50% penetration of the vehicle fleet until 2050 at the earliest, the most optimistic projection being 60% and the most pessimistic being 40% (Litman, 2018).
That still leaves millions of existing vehicles on the road that are not fully autonomous.
-----
Figure was produced from a table.



Transportation Problems of the Future

0 Cross Modal
Openclipart:
ElectronicRU;
JayNick

Openclipart:
Johny Automatic;
svk-ab

Q Cross Level of Automation

» Openclipart:

j4pan;
Merlin2525
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If full automation is not going to solve the fatigue problem today, maybe partial automation can do such.
So, let’s take a step back.
Increasingly, it appears that problems in transportation are cross-modal and require for their solution not only a broad understanding of different functional impairments but also the level of automation at which the problems are appearing.
Fatigue is one of these problems that I believe requires such a broad understanding.
*****
Plane.  ElectronicRU
https://openclipart.org/detail/27126/planepicture
Toy train.  JayNick
https://openclipart.org/detail/285573/toy-train
Grandma.  Johnny_ automatic
https://openclipart.org/detail/2237/grandma
Blob sleeping. svk-ab
https://openclipart.org/detail/193125/blob-sleeping
Man and his horse.  j4p4n
https://openclipart.org/detail/66871/man-and-his-horse
Futuristic automobile. Merlin2525
https://openclipart.org/detail/173711/futuristic-automobile
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Institute for Functional Impairment in
Transportation
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Credit: Google images, noncommercial reuse
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But, this broad understanding cannot be developed in a vacuum.
Rather, what I believe we need to solve complex problems in transportation such as fatigue is an entity, perhaps an institute, that with its combined expertise can look across the modes, across the functional impairments, and across the levels of automation to create synergies that do not exist today in pursuit of the solution to these complex problems.
The Institute for Functional Impairment in Transportation, or iFIT, which we are in the process of building here at the Volpe Center, would be an attempt to do just this, to integrate what is known about the broad range of impairments as they arise in the different modes and the different levels of automation, to generate creative solutions for a given impairment that build on this integration, and then to implement those solutions or help others to implement them.
I want to take fatigue as one particular example of why one needs to look across the modes, across the different functional impairments, and across the different levels of automation in order to find a solution.
*****
Jigsaw puzzle
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=i5ymW_yoAoW05gLLi6noAg&q=jigsaw+puzzle+pieces&oq=jigsaw+puzzle&gs_l=img.1.0.35i39j0i67l2j0j0i67l2j0j0i67l2j0.5445.7078..9978...0.0..0.756.1613.0j5j1j6-1......1....1..gws-wiz-img.......0i7i30.hNzv4L8243E#imgrc=B1_xyq2F56y9vM:
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So, let’s begin by seeing what we can learn by examining fatigue in more detail across the different levels of automation



Advanced driver assistance systems
(ADAS)

PREVENTING
FORWARD COLLISIONS

Technologies that help prevent

forward co ns will keep you safer.

AUTOMATIC EMERGENCY BRAKING

Applies brakes automatically when forward collision
is imminent,

ADAPTIVE LIGHTING

Automatically switches your vehicle’s headlights to the
lower beam when an oncoming vehicle approaches
and back to the higher beam when it passes.
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At a very general statement, there are two different levels of automation.
At the first level are advanced driver assistance systems, or ADAS, which require the driver’s full attention at all times to monitor the driving environment, though such systems may intervene for the driver, like Automatic Emergency Braking, or may warn the driver, like a forward collision warning.


Automated driving systems (ADS)

AUTOMATED DRIVING SYSTEMS
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At the second level are automated driving systems.
Here, the steering, braking and decelerating do not require the on-going attention of the driver, though the driver may need to be brought back into the loop.


Levels of automation: Definition

FCW

ACC

Longitudinal &
Lateral Control

——————

SAE

lvel |  Name

Narrative Definition

Human driver monitors the driving environment

No
Automation

Driver
Assistance

Partial
Automation

Automated driving system (“system”) monitors the driving environment

Conditional
Automation

High
Automation

Full
Automation

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriataly to a request to intervene

the driving rnode-specific performance by an automated
driving system of all aspects of the dynamic dr

even if 8 human driverdoas not respond appropriately to a
request to intervene

the full-time performance by an auto { diriving &m
of all aspects of the dynamic driving task under all roadway
and environmental conditions that can be managed by a
human driver

Execution of Fallback System
Steering and ﬂ:?gm‘;ﬁ’g Performance | Capability
Acceleration/ | oo " egm of Dynamic | (Driving
Deceleration Driving Task Modes)

Human

Human driver

Human driver

Human driver

Human driver

Some drivir

System

System

System

System

Human driver

System

System

Some driving

modes

Some driving
modes

Alldriving
modes

Copyright € 2014 SAE International. The summary table may be
freely copied and distributed provided SAE International and J3016
are acknowledged as the source and must be reproduced AS-IS.
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You may be more familiar with the fine grained definitions of these two levels of systems as they are defined by NHTSA and SAE.
The ADAS systems have three levels, 0, 1 and 2.
The levels of automation associated with advanced driver assistance systems are in blue (BLUE ARROW)
The ADS systems also have three levels, 3, 4 and 5.
Those associated with automated driving systems are in green (GREEN ARROW).
The key factor to remember with ADAS systems is the driver needs continuously to monitor the driving environment whereas with ADS systems the driver can be out of the loop.



evels of automation: Definition

FCW

ACC

Longitudinal &
Lateral Control

SAE

lvel |  Name

Narrative Definition

Human driver monitors the driving environment

No
Automation

Driver
Assistance

Partial
Automation

Automated driving system (“system”) monitors the driving environment

Conditional
Automation

High
Automation

Full
Automation

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriataly to a request to intervene

the driving rnode-specific performance by an automated
driving system of all aspects of the dynamic dr

even if 8 human driverdoas not respond appropriately to a
request to intervene

the full-time performance by an auto { diriving &m
of all aspects of the dynamic driving task under all roadway
and environmental conditions that can be managed by a
human driver

Execution of Fallback System
Steering and ﬂ:?gm‘;ﬁ’g Performance | Capability
Acceleration/ | oo " egm of Dynamic | (Driving
Deceleration Driving Task Modes)

Human

Human driver

Human driver

Human driver

Human driver

Some drivir

System

System

System

System

Human driver

System

System

Some driving

modes

Some driving
modes

Alldriving
modes

Copyright € 2014 SAE International. The summary table may be
freely copied and distributed provided SAE International and J3016
are acknowledged as the source and must be reproduced AS-IS.
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The separate levels of automation are defined primarily by four factors, one of which we have already discussed:  whether the driver needs continuously monitor the driving environment.  This is the column indicated by the BLUE ARROW.  To repeat note that Levels 0, 1 and 2 all require the driver continuously to monitor the environment.  Levels 3, 4 and 5 allow the driver to exit the loop.
The finer differentiation of levels within the ADAS and ADS systmes is determined additionally by: 
the control the automated driving suite has over both steering and acceleration/deceleration (RED ARROW);
The entity responsible for performance of vehicle control if the system fails (GREEN ARROW); and
The environments in which the vehicle can operate at its given level (PURPLE ARROW).
-----


Levels 0, 1,2,3

Narrative Definition

Human driver monitors the driving environment
e full-time

aspecls of the ¢

by warning or

No
Automation

th iving mode-speci
system of eithe I
infarmation ab:

Driver
Assistance

Partial
Automation

appropriately to a request to intervene

Execution of
Steering and
Acceleration/
Deceleration

Monitoring
of Driving
Environment

Fallback
Performance
of Dynamic
Driving Task

System
Capability
(Driving
Modes)

Automation with the expectation that the human driver will respond

Human driver

Human driver
and system

Human driver

Human driver

Human driver

System

Human driver

Human driver

Human driver

Human driver

Some driving
modes

Some drivin
modes

Automated driving system (“system”) monitors the driving environment — _

ing mode-specific performance by an automated
Conditional driving system of all aspects of the dynamic driving task

Some driving
modes
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Today, we will focus only on Levels 0, 1, 2 and 3 since, at least currently, they are the most likely to occur.
I will define each level as we make our way forward.
-----
It will be important to understand exactly how these levels differ from one another.
First consider Levels 0, 1 and 2.  Recall that the driver has to continuously monitor the environment.
The key difference is in what the driver controls in terms of steering, braking and acceleration/ deceleration
At Level 0, the driver is in complete control of steering, braking and acceleration/deceleration.  The addition of a forward collision warning system would still leave the vehicle at Level 0 on the SAE scale.
At Level 1, the vehicle has control of either steering or braking and deceleration/acceleration, but not both.  The addition here of ACC (adaptive cruise control) or CACC (cooperative adaptive cruse control) would qualify the vehicle as Level 1.
At Level 2 the vehicle has control of steering, braking and acceleration/deceleration.
Next we move to Level 3.  
Here the driver no long needs to monitor continuously the driving environment.
However, critically with Level 3 the driver is considered to be responsible for maneuvering the vehicle if the automation encounters a situation it cannot handle.
The goal of the SAE classification was to bring some order to the terminology used to describe automated driving so that, among other things, different evaluations of automated driving could be compared with one another and true learning could occur.
One criticism of the SAE levels is that speaking about “Levels of Driving" can make it appear that there is a clear separation in the amount of human supervision needed at each level.  In fact, driving is really hundreds of problems, and the amount of supervision at each level varies by situation, speed, time and even weather.
A second criticism of the SAE levels is that they do not include things like Advanced Driver Assistance Systems, all the way from systems that warn the driver like forward collision warning systems to systems that intervene for the driver, like automatic emergency braking.


Level 0

No
Automation

Marrative Definition

Human driver monitors the driving environment

the full-time performance by the human driver of all
aspecls of the dynamic driving task, even when enhanced
by warning or intervention systems . -

Execution of
Steering and
Acceleration/
Deceleration

Monitoring
of Driving
Environment

Fallback
Performance
of Dynamic
Driving Task

System
Capabhility
(Driving
Modes)

Human driver = Human driver Hurne_mdr__'wm'

Q
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Let’s start with an example of problem that Level 0 automation was designed to solve.
With Level 0 automation the human driver is responsible not only for always monitoring the driving environment, but also for all maneuvering of the vehicle.


Pedestrian collision warning systems
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An example of a Level 0 advanced driver assistance system is a pedestrian collision warning system.
Pedestrian fatalities are on the rise.
They now represent about one quarter of all road fatalities.
-----
Search “collision of car with pedestrian”
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=v0ulW-SFMM6p_Qb7o6igDw&q=collision+of+car+with+pedestrian&oq=collision+of+car+with+pedestrian&gs_l=img.3...822287.828955..829380...4.0..0.87.2108.36......1....1..gws-wiz-img.......0j35i39j0i67j0i10i67j0i5i30j0i8i30j0i24.QEm5u7DCtcI#imgrc=oaYGbmurLdXgtM:


Pedestrian fatalities involving buses
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We will focus here on bus-pedestrian strikes.
Why?
Well, when calculated by mileage traveled, pedestrian fatality rates per VMT are much greater for buses, compared to passenger vehicles and large trucks.
In 2002, the relative risk of a pedestrian being killed by a bus was 13.75 times higher than that of a car in urban areas (Paulozzi, 2005; Table 4). 
*****
Search “bus pedestrian”
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=lpymW-PFPPDU5gLK4JCgBQ&q=bus+pedestrian&oq=bus+pedestrian&gs_l=img.12..0i24l5.605154.608255..615465...0.0..0.452.2185.5j6j1j1j1......1....1..gws-wiz-img.......0j0i67j35i39j0i10j0i5i30j0i8i30._LW8mg0hfB0#imgrc=uh069WiuJpPP1M:
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Intersections are particularly problematic because of all that needs to be scanned by the bus driver.
*****
Bus Accident at 225 North Michigan Avenue | by danxoneil
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=_56mW7OfO8bb5gKCnZPYBA&q=bus+intersection+crashes&oq=bus+intersection+crashes&gs_l=img.3...102243.105535..105712...0.0..0.475.3900.3j9j5j1j2......1....1..gws-wiz-img.......0j0i67j0i5i30j0i8i30j0i30.A4bXyhDGZDA#imgrc=xNehmi3p45qqPM:
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A simple example can make clear why bus-pedestrian strikes are sometimes difficult to avoid.
As an example, I will step you through a top down, cartoon drawing of an actual bus-pedestrian strike at a Y-Intersectino.
A transit bus (GREEN ARROW) is about to take a left turn at the Y-intersection ahead (ORANGE ARROW).


Y-Intersection - 2

R Volpe 32


Presenter
Presentation Notes
The driver needs to be on the look out for opposing traffic which could be in the next lane (EYE).


Y-Intersection - 3
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Or the opposing traffic could be two lanes over (EYE).


Y-Intersection - 4
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The driver also needs to keep track of pedestrians that might be approaching from the crosswalk on the right hand side (EYE).


Y-Intersection - 5
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In summary, the driver needs to keep track of vehicles in both opposing lanes and of pedestrians on the crosswalk on the right (three EYEs).
But that is not all!


Y-Intersection - 6
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Perhaps hardest of all the driver needs to keep track of any pedestrians that might be emerging from the left as the driver turns into the intersection.
These pedestrians could be all but invisible to the driver because of vehicles in the opposing lane as he or she was approaching the intersection and because of vehicles stopped at the crosswalk on the left.
-----
Paterson (2015). Handbook of Teen and Novice Drivers: Research, Practice, Policy, and Directions


Pedestrian Collision Warning Systems

Credit: Mobileye
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In short, predicting where hazards might materialize can be difficult for transit bus drivers given all that they have to do.
Pedestrian collision warning systems, especially in transit buses where blind spots are a real problem, are proposed as one potential countermeasure.
Again, pedestrian collision warning systems are considered an example of Level 0 automation.
-----
https://www.mobileye.com/en-us/solutions/bus-transit-municipal/transit-bus/


Level 0: Pedestrian Collision Warnings and
Fatigued Drivers
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Not only is predicting where latent hazards might materialize a problem for drivers who are fully alert.
Research indicates that fatigue impairs hazard anticipation (ORANGE ARROW) (Paterson, 2015).
Could a pedestrian collision warning system increase the likelihood that a fatigued driver detected a pedestrian?
Absolutely.  
-----
Paterson (2015). Handbook of Teen and Novice Drivers: Research, Practice, Policy, and Directions


Vehicle crash: Marked midblock crosswalk
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The example I just gave is just one of many such examples of latent or hidden hazards where a pedestrian collision warning system could prove useful.
Here is an example of a hazard which is clearly visible.
It would seem that a fatigued driver may, if alerted, have avoided a horrible crash with a family of three pedestrians just seconds before it occurred.


Level 0: Benefits and Disbenefits
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If we went on to consider the benefits of pedestrian collision warnings (and other safety warnings), I believe that we would conclude that for the fatigued driver the benefits easily outweigh the disbenefits.
For the driver who is fatigued, because he or she is drowsy, overloaded or simply mind wandering, the warnings can potentially serve as an alerting function.
For the driver who is actually in a microsleep, the alert could actually awake the driver.
The one disbenefit might be that it could startle a fatigued driver, thereby delaying a quick, appropriate response (needs more research, a reference).
But, in short the net benefits would appear to outweigh the net disbenefits.
*****



Evidence-based research
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But what does the research actually say (Gaspar et al, 2017)?
Above I was just speculating on the benefits of alerting drowsy drivers.
It seemed reasonable to do such since a number of simulator studies have shown that forward collision warning systems can reduce both collisions and response times for distracted drivers.
Presumably the same would be true for drowsy drivers.
*****
How goes medical research.  By DES Daughter
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=b5-mW7r0GNDW5gLL2LT4Dg&q=research+cartoon&oq=research+cartoon&gs_l=img.3..35i39j0l6j0i5i30l3.234472.237078..237372...0.0..0.106.1117.12j1......1....1..gws-wiz-img.......0i67.gPaSBfBP7sA#imgrc=7Xjb6iBi9JDjYM:
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So, an experiment was run by John Gaspar and others on the University of Iowa National Advanced Driving Simulator to test just this hypothesis (Gaspar et al., 2017).
Participants were asked to remain awake from 7am on the day of the visit until arrival for the study (between 5pm and 7pm) and asked to refrain from caffeine beginning at 12pm the day of the visit.
To manipulate drowsiness levels, each participant completed one drive between 10 at night and 2 in the morning and the other between 2 in the morning and 6 in the morning. 
The study was a between-subjects design with three warning conditions. 
One-third of the drivers received no forward collision warning (FCW), referred to hereafter as the no-warning condition. 
One-third of drivers received an auditory alert consisting of a series of several loud beeps. 
The final third of participants received a haptic warning consisting of a series of rapid pulses in the front portion of the seat. 
In the simulator, the driver was following a lead vehicle which suddenly swerved into the adjacent lane to avoid a stopped vehicle.  
Response times to the alert were measured both by accelerator release (response initiation) and brake press(response execution).
-----
Both the audio and haptic alerts triggered when time-to-collision from the revealed stopped vehicle was 2.1 seconds. 



No effect on response times

Credit: Google images, noncommercial reuse
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Surprisingly, given previous effects of forward collision warnings on the response times and crashes of distracted drivers, there was no effect of forward collision warnings on the response times of fatigued drivers.  What is going on?
“A number of potential explanations could account for this finding. 
Unlike distracted drivers, drowsy drivers may have already been looking forward toward the location of the lead vehicle reveal event. 
This may have mitigated the potential orienting benefits of the FCWs. 
The vision-for-action processing stream is sensitive to basic visual stimuli such as looking and operates largely outside of conscious processing (Tijerina, 2015). 
Such a visual processing stream may have been at play with drowsy drivers, allowing drivers to respond appropriately to the lead vehicle reveal threat in spit of impaired cognitive functioning.” (Gaspar, 2017)
*****
2+2 = 5. 2+2=5 by the Regressive Lie | by dragoku
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=76CmW5iFL8ns5gLWgq2wCQ&q=2%2B2%3D4+teacher&oq=2%2B2%3D4+teacher&gs_l=img.3..0i24.16992.18177..18262...0.0..0.111.628.6j1......1....1..gws-wiz-img.......0j0i30j0i10i30j0i8i30.sCUrYtfh-18#imgrc=huFvSqNFopPpfM:



Level 0: Benefits and Disbenefits

Benefits Disbenefits

Awakening

Alerting

Pedestrian Detected by PCW

R Volpe


Presenter
Presentation Notes
So, maybe it is not the case that warnings will have net benefits


Level 0: More research
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We clearly need more research.
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Let’s next consider a problem that Level 1 automation was designed to solve.
With a Level 0 car, the driver maneuvered the vehicle entirely himself or herself.
With a Level 1 system either the steering is controlled by the vehicle or the braking/accelerating/decelerating is controlled by the vehicle, but not both.
The driver still needs to be in the loop.


Level 1:Adaptive Cruise Control
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SAFE DISTANCE
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94% of serious vehicle crashes involve human
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Mehler et al., 2014
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With this in mind, let’s consider adaptive cruise control.
Adaptive Cruise Control (ACC) senses where the vehicle in front of you is relative to your own vehicle, and slows down and speeds up your vehicle to maintain consistent spacing.
Unlike traditional cruise control, which can only be set to a single speed, ACC can adapt when other vehicles change their speed.
A fatigued driver who engages adaptive cruise control would potentially benefit in two scenarios in highway driving when vehicles are traveling over 25 mph (Mehler et al., 2014):
When an ACC-equipped vehicle approached a slower vehicle traveling at a constant velocity, or
when a lead vehicle slowed in front of an ACC-equipped vehicle.
*****
There is only one publically-available report on the safety benefits of ACC, and the findings are somewhat limited: if such systems were fully deployed and utilized, it was estimated that the number of collisions on freeways for travel velocities above 25 mph would be reduced by 17 percent for two specified scenarios (highway driving when vehicles are traveling over 25 mph when an ACC-equipped vehicle approached a slower vehicle traveling at a constant velocity, and when a lead vehicle slowed in front of an ACC-equipped vehicle). (Mehler et al., 2014)
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Why would a fatigued driver benefit in these two scenarios? There are many reasons. Consider just one.
The top row represents the duration of the perception, comprehension and response times in an alert driver.
The bottom row represents the duration of the perception, comprehension and response times in an alert driver.
The perception, comprehension and decision times are slowed in a fatigued driver.
Each of these stages is required in order to make a correct response without an ACC equipped vehicle.
Thus, the fatigued driver could easily benefit from the automation.
*****
Awake woman. Free photo Lifestyle Sit Asian Coffee Woman
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=mqGmW5G-FuWP5wKBtaXIAg&q=awake+woman&oq=awake+woman&gs_l=img.3..35i39j0i5i30.17762.22437..23054...0.0..0.127.1081.7j4......1....1..gws-wiz-img.......0j0i67j0i8i30j0i24.H3u7FjgweWY#imgrc=YJ0TxVc-ahpPfM: 
Sleepy woman. Free photo Tired Asleep Young Nap Bored Dream Sleep - Max Pixel
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=JGKmW6fuGuiH_QaFy5qQBA&q=tired+woman&oq=tired+woman&gs_l=img.3...39116.41477..41901...0.0..0.0.0.......1....1..gws-wiz-img.k5K4WSx37BY#imgrc=z1RAuvej5OadqM:
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So, it looks the benefits of ACC outweigh the disbenefits of no ACC.
But this ignores two essential factors.
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First, it ignores the fact that automated vehicles with Level 1 automation may lead to mind wandering in general, not just mind wandering with respect to ACC.
Internal distraction (“mind wandering”) is now being recognized as a significant source of driver distraction that requires rigorous study (Lerner, 2015).
And this sort of internal distraction is especially likely in driving with a low workload and delayed feedback, exactly those characteristics which I argue define Level 1 automation.
*****
 Wandering mind not a happy mind | Harvard Gazette | by caseorganic 
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=s6GmW6G8B8Gc5gLmo5DYCw&q=wandering+mind+not+a+happy+mind&oq=wandering+mind+not+a+happy+mind&gs_l=img.3..0i24.146862.151144..151537...0.0..0.155.3073.21j10......1....1..gws-wiz-img.......0j35i39j0i67j0i30j0i8i30.GODi1rgl8kA#imgrc=ra0k4uoq3Ci-TM:
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To make my case, I want to consider two studies.
First, consider the following simulator study on the the effects of mind wandering on a drivers’ scanning performance in low and high workload scenarios (He, Becic, Lee and McCarley, 2011).
Question
The question asked was the following.  When compared with alert drivers, would the glance behaviors of drivers who were mind wandering be affected more in the low workload scenarios than the high workload scenarios.
Task
The actual task was the following.
In a driving simulator, participants were asked to maintain lateral control and a safe headway distance while following a lead car (BLUE ARROW) and keeping ahead of a trailing car (RED ARROW).
The trailing vehicle was used to motivate participants to check their mirrors. 
The lead car drove at an average speed of 45 mph, accelerating or decelerating within the range from 40 mph to 50 mph at random intervals. 
The participants’ car (ORANGE ARROW) began each drive positioned midway between the lead and the following vehicle, which maintained a constant distance of 200 m from each other. 
Measurement of mind wandering
The measurement of mind wandering was subjective.  Participants were told to keep their attention on the driving task as much as possible and were instructed that they should press a button on the steering wheel to report any time they found themselves mind wandering. 
-----
To clarify the task for them, participants were given a definition and examples of mind wandering. 
Mind wandering was defined as “thinking about any task-unrelated images and thoughts,” and behind-the-wheel mind wandering was illustrated with the examples of planning a schedule, having recollections of childhood, or simply having a blank mind.
*****
Wikimedia Commons.  File:Google Street View camera cars in Gatineau01.JPG  
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=uKKmW6K6JuLU5gKi243QCw&q=cars+on+street&oq=cars+on+street&gs_l=img.3..35i39j0j0i5i30l2.27678.28838..30149...0.0..0.185.661.3j3......1....1..gws-wiz-img.......0i24.MscHT4BvMPc#imgrc=NcqHPFPacNqQ9M:
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Participants eyes were tracked throughout the experiment.
The standard deviation of the horizontal gaze position was used as the dependent variable.
The less broad was the scanning, the less safe it was assumed was the driver.
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Conditions: Low and high workload
In some segments of a drive, there were heavy winds, a high workload; in other segments of the drive there were no winds, a low workload. 
Results
The findings on glance behavior in the low and high workload conditions are displayed on this slide.
What do we see?
The standard deviation of the horizontal gaze position is on the y-axis.
The dark gray bars represent the condition in which the participant reports himself or herself as mind wandering, the light gray bars represent the situation in which the participant is attentive.
Note that in both the high workload condition on the right and the low workload condition on the left, the drivers are scanning less broadly when they are mind wandering.
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Results
However, importantly for our purposes, the difference in the standard deviation of the horizontal gaze position between the alert and mind wandering drivers is greater when the workload is high (GREEN BOX) than when the workload is low (RED BOX).
In short, the relative effect on scanning of mind wandering is greater in the autonomous driving like condition (low workload) than it is in the manual driving like condition (high workload).  


Study: Mind wandering in delayed and
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Next, consider a simulator study of the effects of mind wandering on a drivers’ response time in delayed and immediate feedback scenarios (Lin et al., 2015).
Question
The question asked was the following.  When compared with alert drivers, would the response times of drivers who were mind wandering be affected more in the delayed feedback scenarios than the immediate feedback scenarios.
Task
The task was a relatively simple one.
In the simulator study, the driver’s car would suddenly change into the next lane.  
The driver was supposed to return the car to his or her lane. 
Delayed and immediate feedback
One group of drivers was given the equivalent of delayed feedback on the change in the position of their vehicle (only visual cues); the other group of drivers was given the equivalent of immediate feedback (motion and visual cues).
Measurement of mind wandering
The measurement of mind wandering in this case was an objective one.
EEG (brain wave) recordings were made to determine in both the delayed and immediate feedback conditions whether the driver’s mind-wandering (default) or attentive (task-positive) brain states were controlling behavior.
Dependent variable
The dependent variable was set to the time between when the car first wandered out of its and when the driver returned the car to its lane (ORANGE ARROW).
-----
[The driver was provided with both visual and motion cues or just visual cues as the car randomly departed its lane. Driving with visual and motion cues is much easier than driving with just visual cues.  The former is referred to as the high feedback condition [K+], much like manual driving, the latter as the low feedback condition [K-], much like automated driving at Level 2.]
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What do the results show?
The response time is on the y-axis.
I’ll cut right to the chase here.
In particular, most importantly from our standpoint,  the driver who is mind-wandering (BUE BOXES) has a much longer average response time than the alert driver (ORANGE BOXES) when feedback is delayed than when the feedback is immediate
In short, the relative effect on response times of mind wandering is larger in the autonomous driving like condition (delayed feedback) than it is in the manual driving like condition (immediate feedback).  
-----
Again, I would argue that driving with delayed feedback is most similar to automated driving and driving with immediate feedback is most similar to manual driving.
Box plots of the RT of the trials with MCC-dominated and PCC-dominated networks. Shown are median (horizontal line), mean (cross), 25% and 75% quartiles (box), and minimum and maximum values (error bars)
[midcingulate cortex (MCC; task positive), posterior cingulate cortex (PCC; mind wandering or default)]
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In summary, when looking at the disbenefits of ACC we cannot ignore the fact that automation decreases situation awareness in general, not just with respect to scenarios in which ACC would help.
To repeat, first a loss of situation awareness leads to increases in response time (left hand side of the figure; He et al., 2011).  There is no “average” loss since drivers are in many different states of wakefulness.
And second, a loss of situation awareness also leads to decreases in the breadth of scanning (right hand side of the figure; He, Becic, Lee and McCarley, 2011).  Again, the same holds true about averages.
Both changes increase the likelihood that a driver will crash.
-----
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But what does this have to do with fatigue?
Well we know that automation decreases situation awareness (Samuel at al, 2018).
We know that fatigue decreases situation awareness (ORANGE ARROW) (Paterson and Dawson, 2016).
So when automation is present and fatigue is present, both are operating to decrease situation awareness.
This leads to a simple prediction.
Fatigue may disproportionately increase the number of drivers who lose situation awareness in the presence of automation (RED ARROW).
The figures are meant to be illustrative only.
So, we have the worst of the worst.
Automation increase the loss of situation awareness which leads to increases in response time and decreases in scanning (He et al., 2011; Lin et al., 2015).
And fatigue may disproportionately increase the number of such drivers who lose situation awareness and therefore the number of drivers with increases in response time and decreases in scanning.
We need research to confirm this hypothesis.
-----
Regardless, on the left hand side of the graph we see that, say, 10% of the alert drivers are not situation aware when there is no automation and this increases to 15% of the fatigued drivers that are not situation aware when there is no automation.
This is an increase of 5 percentage points or 50%
However, on the right hand side of the graph, we see that 20% of the alert drivers are not situation aware when there is no automation and this increases to 40% of the fatigued drivers that are not situation aware when there is no automation.
This is an increase of 20 percentage points or 100%.
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There is a second caveat to the statement that Level 1 automation such as ACC has no disbenefits.
In particular, it ignores the fact that ACC may not work effectively in certain types of weather conditions. 
Some examples of these include heavy fog or rain; having dirt, snow or ice covering the sensors; or when the roadways are slippery. 
Additionally, these systems also may not work in some environments such as tunnels.
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What is the impact on fatigued drivers?
Well we know that memory is impaired when drivers are fatigued (ORANGE ARROW).
So, fatigued drivers are less likely to remember the details of the operational design domain than alert drivers.
Automation will over time decrease drivers’ likelihood that they will remember the details of the operational design domain.
And automation is likely to disproportionately increase the number of fatigued drivers who fail to remember the operational design domain (RED ARROW). 
Research is needed to confirm this hypothesis as well.
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So now with situation awareness thrown into the mix and the Operational Design Domain thrown into the mix, we need a slightly more sophisticated model of the benefits and disbenefits of Level 1 automation for fatigued drivers.
We need to start by differentiating between those cases where the ACC is engaged and those cases where the ACC has disengaged.
When the ACC is engaged (PULSE ACC ENGAGED), the ACC will keep the distance between the driver’s vehicle and the lead vehicle, slowing if necessary, something which would clearly not happen without ACC if the driver lost situation awareness.  
However, because the use of ACC does increase the loss of situation awareness, it could increase the likelihood of other crashes, what we are calling not targeted crashes here.
So that is a potential disbenefit even when the ACC is engaged
Similarly, suppose the ACC disengages (PULSE ACC DISENGAGED), either because it is operating outside its design domain or because the sensors become jammed.  
Then, the fatigued driver is less likely to notice this.
And a driver who has lost situation awareness, either because of mind wandering or a microsleep, is more likely to be in a rear-end crash.
In fact, the driver is more likely to be in any type of crash.
Although I have indicated that for fatigued drivers the benefits of ACC outweigh the disbenefits when the ACC is engaged and, conversely, the disbenefits of ACC outweigh the benefits of ACC when the ACC is disengaged, I cannot emphasize enough that this is an empirical question.
We are entering a no-man’s land and we need answers.
-----
Does ACC brake on highway for stopped vehicle?  It depends on the ACC system that is installed.  Some do, some don’t.
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1) Let’s move next to Level 2.


Level 2: Longitudinal and Lateral Control

Credit: Los Angeles Times Credit: Google images, noncommercial reuse
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With Level 2 automation recall that the longitudinal and lateral control are no longer being performed by the driver.  
They are under the control of that vehicle. 
This can offer additional safety benefits for fatigued individuals, actually steering, braking and accelerating decelerating if the driver starts mind wandering or actually falls asleep.
However, the same two caveats apply to Level 2 automation as apply to Level 1 automation since the driver must monitor the vehicle at all times.
*****
 Wikimedia Commons
File:Driver free car.jpg 
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=2KKmW4OcEtLz5gKr0buQCQ&q=driver+in+car+with+hands+off+wheel&oq=driver&gs_l=img.1.1.35i39l2j0i67j0l7.307855.308652..310736...0.0..0.152.674.3j3......1....1..gws-wiz-img.0tAo810Gm40#imgrc=-oTVmE36C_9oGM:




Caveat |: Loss of situation awareness

| |!’ .

Credit: Google images, noncommercial reuse
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First, mind wandering is even more likely with Level 2 automation than it is with Level 1 automation because now not only the longitudinal control, but also the lateral control, is determined by the automated driving suite.
With increases in mind wandering comes increases in the response times and decreases in scanning activity.
And these changes are apt to be amplified for fatigued drivers.
-----
By definition, mind wandering is a loss of situation awareness but a loss of situation awareness is not necessarily a case of mind wandering, e.g., could be a concussion, a bright flash of light, etc.)
*****
Wikimedia Commons. File:Google Street View camera cars in Gatineau01.JPG
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=TWWmW9HsB9Gk_Qa9z5-4CQ&q=cars+on+street&oq=cars+on+street&gs_l=img.3..0l2j0i5i30l2.322904.324310..324916...0.0..0.101.533.5j1......1....1..gws-wiz-img.......0i24.Sd2-6MopIwU#imgrc=NcqHPFPacNqQ9M:



Level 2: Alert Drivers
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Presentation Notes
Recognizing the importance of driver’s being in the loop and remaining situation aware, the driver’s alertness is now monitored, if only indirectly, with Level 2 automation. 
For example, an alarm may sound if a driver’s hands are off the wheel for too long, the interval often being 5-7 minutes. 
However, this is way too long to capture a microsleep. 


Caveat 2: Operational Design Domain

To prevent serious injury or death, be alert and pay special
attention when passing freeway exits and entrances with
Super Cruise, and be ready to take control of the vehicle
when necessary. Changes in lane markings around
freeway exits and entrances can momentarily cause Super
Cruise to not detect the correct lane. If this occurs, Super
Cruise may attempt steering inputs to bring the vehicle
back into the correct lane and, in rare circumstances,
could over-correct and cause the vehicle to momentarily
cross into a lane next to your vehicle unless you manually

steer to maintain your lane position.

Credit: Cadillac CT6 Owners’ Manual
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Additionally, the driver now needs to keep track of the operational design domain (ODD) of two general vehicle functions, steering on the one hand and braking, decelerating and accelerating on the other hand.
Here is one of 30 exceptions where automated steering does not work for one manufacturer.  
I want to read it (read text).
Can you imagine a fatigued driver trying to deal with a lane change, forgetting the ODD, and then having the car steer into the other lane?
Again, increases in automation are likely to make it more difficult for alert drivers to remember the details of the ODD and even more difficult for fatigued drivers to do such.
-----
Page 261
https://www.cadillac.com/content/dam/cadillac/na/us/english/index/ownership/technology/supercruise/pdfs/2018-cad-ct6-owners-manual.pdf
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So what about the benefits and disbenefits of L2 automation?
Again we need to consider the case where L2 is engaged and where it is not engaged.
First, assume that L2 is engaged (PULSE ENGAGED).
Well, when L2 is engaged and the driver is fatigued, losing situation awareness, the vehicle will still stay in the lane and slow down and speed up appropriately.  This should decrease crashes.
Moreover, the driver is issued alerts if he or she does not stay engaged with the driving task. This should also decrease crashes.
However, there are hazards that L2 automation does not mitigate, such as a pedestrian walking out into a crosswalk partially obscured by a large vehicle in a parking lane stopped right in front of the crosswalk.  
The fatigued driver is much more likely to lose situation awareness with L2 automation and therefore much more likely with L2 automation to strike a pedestrian or other latent hazard than without such automation (Samuel and Fisher, 2018).
Thus, there are disbenefits to L2 automation even when it is engaged.
Now assume that L2 has disengaged for whatever reason (PULSE DISENGAGED).  
If it is disengaged, the fatigued driver is less likely to notice this.
There are no benefits.  
And because the loss of situation awareness can be almost complete for the fatigued driver, there are disbenefits that lead to increases in all types of crashes
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Finally, let’s consider Level 3 automation.


What does the driver do?

AUTOMATED DRIVING SYSTEMS
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With Level 3 automation the driver no longer needs to be continuously monitoring the driving environment.
However, the driver does need to serve as fallback if the automation fails.


Transfer of control: Alert drivers
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A number of studies have been run to determine how long it takes a driver of a Level 3 car who is out of the loop to recover enough situation awareness in order to be able to driver safely.
Estimates run from 10 to 20 seconds.
But these are for a relatively alert driver.
*****
MOUNTAIN HOME AIR FORCE BASE, Idaho-- Using a cell phone without a hands
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=0KamW_KuNonJ5gLhla_4AQ&q=alert+driver+hands+off+wheel&oq=alert+driver+hands+off+wheel&gs_l=img.12...9200.18357..20219...0.0..0.155.2277.19j5......1....1..gws-wiz-img.......0j0i67j0i7i30j0i5i30j0i8i30j0i24.V0LTlphWBxQ#imgrc=s9dfAvqEIHE3IM:


Transfer of control: Fatigued drivers

Credit: Google images, noncommercial reuse
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But what is to prevent a fatigued driver from falling asleep in a Level 3 vehicle?
As of yet, nothing.  
And how long will it take to wake the driver and for him or her to become situationally aware?
We simply have no idea.
*****



Lessons Learned: Fatigue and Automation

Engaged
60%
50%
40%
30%
20%
_
LO L1 L2 LO L1 L2
Targeted Not Targeted

R Volse 72


Presenter
Presentation Notes
We have seen that in order to compute the benefits of automation we need to consider whether the automation is engaged or disengaged.
To begin consider the case when the automation is engaged.
And assume that the crashes are targeted ones.
Then with each increase in the level of automation the fatigued driver who loses situation awareness for whatever reason is less likely to be in a crash which the automation is designed to decrease and the risk decreases as the level of automation increases (the left hand side of the figure, GREEN ARROW).
Next consider crashes that are not targeted.
With each increase in the level of automation situation awareness decreases and the likelihood of being in a crash not targeted by the automation increases (right hand side of figure, RED ARROW).  
However, when an alerting function is added to any one of the levels, it becomes unclear what the net change is for individuals who are fatigued.


Lessons Learned: Fatigue and Automation
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Next consider the case where the automation is disengaged.
If the automation is disengaged and the driver fails to notice this, then both the targeted crashes and the crashes that are not targeted increase as the level of automation increases.
And we know that fatigued drivers are less situation aware and therefore less likely to notice that the automation has become disengaged.




Lessons Learned: Functional Impairment
and Automation
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We may all believe in our heart of hearts that the likelihood of a driver crashing with no automation is much higher than a driver crashing with automation installed in the vehicle.
But the bottom line, not only for fatigue and automation, but for many functional impairments and automation, is that we simply do not know what the net benefits will be when the automation is engaged or disengaged, but not detected as disengaged.
When the automation is engaged there is good reason to believe that the benefits will substantially outweigh the disbenefits.
When the automation is disengaged and the disengagement is not detected, there is good reason to believe that the disbenefits will outweigh the benefits.
But we cannot conclusively determine the net benefits of automation for a given impairment unless we know probability that the automation is engaged and disengaged (the probabilities highlighted in red) and the conditional likelihood of a crash, given that the automation is engaged and disengaged (the probabilities highlight in green).
And, as of today, we do not know these probabilities.
Hopefully, Steve and I have provided you with a framework for thinking about how to maximize the benefits and minimize the disbenefits for fatigued drivers at each level of automation




Presenter
Presentation Notes
I said at the very beginning that in order to think creatively about solutions to fatigue and transportation we need to consider the different levels of automation, the different functional impairments, and the different modes.
I just discussed why it is important to understand the different levels of automation if one is going to compute the true benefits of automation for the fatigued driver.
I now want to argue how knowledge about other functional impairments can inform countermeasures we might implement for fatigue.



Fatigue and Lifespan
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So, I looked at various problems in transportation that are addressed across the lifespan.




Fatigue, Driving Skills, Lifespan, Training

Hazard
Anticipation

Fatigue razard

Mitigation

Attention
Maintenance

Hamid, 2013; Samuel et al., 2014
R Volpe 77


Presenter
Presentation Notes
And I focused on novice drivers.
In particular, I want you to think about what are the particular types of driving skills which are impaired when a driver is fatigued, whether the impaired skills resemble the set of skills that are impaired in novice drivers, and, if so, whether training can be used as a countermeasure to impairment.
With this broad perspective in mind, our research has shown that fatigued drivers’ hazard anticipation, hazard mitigation and attention maintenance skills are impaired (Hamid, 2013; Samuel et al., 2014).
These skills have established links to crashes (Fisher et al., 2017).
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Well it turns out that these skills are also the very ones that are impaired in novice drivers when compared with experienced drivers (Fisher et al., 2017).




Training experiment

Q Participants
= 36 licensed student nurses, 18 — 45 years old

0 Experimental design
= Evaluation (morning)
o Driving simulator
o Eye tracker
= Sleep questionnaires (morning)
* Training (morning)
o SAFE-T
o Placebo
= Evaluation (evening — 12 hours after morning evaluation)
o Driving simulator
o Eye tracker
= Sleep questionnaires (evening)

Hamid 2013; Samuel et al., 2014
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So we asked whether training could improve these three sets of skills among fatigued drivers.
We ran an experiment to test this hypothesis.
There were a total of 36 participants, all licensed student nurses.
Their hazard anticipation, hazard mitigation and attention maintenance skills were evaluated in the morning on a driving simulator using an eye tracker.
Half were then trained on a PC on these skills; half were given placebo training.
Twelve hours later they were brought back for a second simulator evaluation.
-----
Changes were observed in the sleepiness and fatigue of both the placebo and trained group.
The average scores for the placebo group were (a) Samn-Perelli Fatigue: 2.70 after pretest and 3.25 after posttest and (b) Stanford Sleepiness Scale: 2.30 after pretest and 3.10 after posttest. 
The average scores for the trained group were (a) Samn-Perelli Fatigue: 3.21 after pretest and 3.84 after posttest and (b) Stanford Sleepiness Scale: 2.74 after pretest and 3.53 after posttest.


Latent Hazard Anticipation: Definition
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Before giving you the results, I need to define what I mean by latent hazard anticipation, how is it trained, and how is it evaluated in fatigued and alert drivers.
Consider first the definition of hazard anticipation.
In this scenario, there is a marked midblock crosswalk (ORANGE ARROW).
A pedestrian could well be in the crosswalk, but obscured from the driver by the vans stopped in the parking lane immediately upstream of the crosswalk (YELLOW ARROW).  
This is particularly dangerous crosswalk since to the immediate right is a library which a large number of children in the town frequent (GREEN ARROW).  
A safe driver would slow, move slightly to the left, and glance to the right as he or she passed near the crosswalk.


Hazard Anticipation: Evaluation
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Of course, we don’t evaluate latent hazard anticipation on the road.
It is simply too dangerous.
Instead the evaluation occurs on a driving simulator.
We used an eye tracker to monitor the driver’s fixation at each point in time.
(Video 1) Here you see the driver approaching the crosswalk with a truck on the right.
The cross hairs indicate where the driver is looking in this frame.
The driver would have to look to the right in this scenario in order to qualify as having anticipated the hazard.
This first driver obviously failed!
(Video 2).  However, the second driver clearly looks towards the area where the latent hazard could emerge.



Hazard Anticipation: Training
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PowerPoint was used as the training software.  
A desktop PC was used as the training platform.
Here is a one hazard anticipation training slide.
In this scenario, the crosswalk in front of the truck which is obscured from the driver could well be hiding a pedestrian.  
The driver had to click on this area of the scenario in order to move forward in the training program.


Hazard Anticipation: Results
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The results are striking.
The probability of glancing at the latent hazard is on the y-axis.
The greater the probability, the safer is the driver.
Looking at the dark bars, the untrained group, we see, as hypothesized, that fatigue depresses hazard anticipation, changing the percentage of hazard recognized from roughly 30% in the morning (left side figure) to 15% in the evening (right side).
Looking at the light gray bars, the trained group, we see that hazard anticipation training almost doubled the number of hazards anticipated, from 35% in the morning to almost 60% in the evening.



Hazard mitigation: Definition
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Let’s next turn to hazard mitigation.
In all of the scenarios we used, to mitigate a hazard meant either to slow or steer appropriately in the area of the latent hazard.
Imagine again that the driver is approaching a marked mid-block crosswalk with a pedestrian on the right potentially obscured by a vehicle in the parking lane.
The participant is this case should slow as he or she approaches the crosswalk and steer slightly to the left.  



Hazard Mitigation: Evaluation
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To measure hazard mitigation in the simulator, we would record the position and speed of the vehicle on the virtual road as a hazard was approached.
From that we obtain the indices of hazard mitigation.



Hazard Mitigation: Training

Hamid, 2013
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1) Hazard mitigation training begins with a slide showing a scenario with a latent hazard.


Hazard Mitigation: Training (Position)
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The participant is then asked asked to indicate whether he or she would steer straight, to the left, or to the right.  
In this case, the correct answer would be to steer slightly to the left.


Hazard Mitigation: Training (Velocity)
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The participant is also asked to indicate how he or she would change the speed at which the vehicle was traveling, accelerating, decelerating, doing nothing.



Hazard Mitigation: Results

o o
N =

o

10 9 7 6 5 4 3 2 1 0

Feet Left of Initial Position

o o
e N

O
(o)}

Seconds From Latent Hazard

——Trained =—Untrained

Hamid, 20


Presenter
Presentation Notes
The results of training were also striking when looking at hazard mitigation.
On the y-axis is how many feet they move to the left of their position 10 seconds upstream of the latent threat.
On the graph we track the position of the trained and untrained driver’s car each of the 10 seconds before they drove past a latent hazard.
We found that the fatigued, untrained drivers actually drove closer to the latent threats as they approached the hazards whereas the fatigued, trained drivers drove farther away from the latent threats.
Specifically, the red line is the fatigued, untrained drivers.  More negative values indicate that the car is further to the right as it approaches the hazard.
The blue line is the fatigued, trained drivers.  More positive values indicate that the car is further to the left as it approaches the latent hazard.  


Attention maintenance: Definition
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Finally, let’s consider attention maintenance.
For our purposes, a driver will be assumed to maintain attention to the forward roadway as long as no glances are longer than two seconds down inside the cabin of the automobile.
Glances longer than two seconds away from the forward roadway are associated with an increase in crash risk by a factor of three (Klauer et al., 2011).
-----
Arbella Insurance: Distractology 101
https://www.arbella.com/arbella-insurance/why-arbella/arbella-insurance-foundation/distractology


Attention maintenance: Evaluation
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Evaluation of glances away from the forward roadway are done on a driving simulator with an eye tracker.
The participant is asked to perform a secondary task which encourages especially long glances.


Attention Maintenance:Training (1)
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Finally, here is an attention maintenance training slide.
Note that we cannot train with an eye tracker and expect to widely disseminate the training.
But how are we going to capture the duration of the glances away from the forward roadway?
Well we did so as follows.
The participants watched a video of a simulated driver which unfolded before them in real time.
They were asked to look at a map and find the name of a street that intersected the street on which they were currently driving whenever they felt safe.
They pressed the MAP button to see the map.
A timer was started.


Attention Maintenance:Training (2)
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This is what the map looked like.  It was not easy to find the name of an intersecting street.
They were to press the DRIVE button as soon as they wanted to return to the forward view.
The time looking away from the forward roadway was recorded.


Attention Maintenance: Results
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Here are the results of the attention maintenance training.
The average number of glances greater than two seconds in each map drive is on the y axis.
Consider first the untrained drivers in the morning and the evening, the two reddish bars on the left.
For the untrained drivers, the average number of glances inside the vehicle greater than two seconds in the evening (1, arrow) was statistically and practically significantly greater than it was in the morning (2, arrow).
Consider next the trained drivers in the morning and the evening, the two greenish bars to the right.
For the trained drivers (3, arrow), the number of glances over two seconds actually decreased in the evening (4, arrow).
The bottom line is that trained, fatigued drivers perform better at three critical skills than do untrained, fatigued drivers.



Lessons Learned: Fatigue and Lifespan
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Again, I hope that this example illustrates the benefits of an integrative approach to the understanding of fatigue.
By thinking about countermeasures that worked with some functional impairment other than fatigue, in this case the functional impairment being inexperience, we have potentially identified some new countermeasures for fatigue.
*****
Never, ever, think outside the box | by Mrs eNil
https://www.google.com/search?as_st=y&tbm=isch&as_q=thinking+outside+the+box+cartoon&as_epq=&as_oq=&as_eq=&cr=&as_sitesearch=&safe=images&tbs=sur:f#imgrc=31jk80eKVrIrkM:




Presenter
Presentation Notes
I said at the very beginning that in order to think creatively about solutions to fatigue and transportation we need to consider the different levels of automation, the different functional impairments, and the different modes.
I first discussed why it is important to understand the different levels of automation if one is going to compute the true benefits of automation for the fatigued driver.
I next argued how knowledge about other functional impairments can inform countermeasures we might implement for fatigue.
Finally, I want to explain why it is I believe that fatigue requires a multimodal solution.



Microsleeps

Credit: Google images, noncommercial reuse
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That particular problem that requires a multimodal solution is microsleeps, a fleeting, uncontrollable, brief episode of sleep which can last anywhere from a single fraction of a second up to 10 full second
-----
Searched “microsleep”: https://www.google.com/search?as_st=y&biw=1422&bih=589&tbs=sur%3Af&tbm=isch&sa=1&ei=OwWlW_TYFvDl_Qa_iZbQAg&q=microsleep&oq=microsleep&gs_l=img.3..35i39l2j0j0i30j0i5i30j0i24l5.2976.3109..4369...0.0..0.102.196.1j1......1....1..gws-wiz-img.jYxpfTWqsME


Three steps

Credit: Google images, noncommercial reuse
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I am going to begin talking about a three step approach to the problem of microsleeps, but only after I talk about what the three step process might look like for distraction. 
The first step is to measure the duration of glances down inside the vehicle (1, inside vehicle).
The second step is measure the duration of glances outside the vehicle (2, outside vehicle).
And the third step is to keep running track of glances inside and outside the vehicle over the last 25 seconds or so of driving (3, glancing back and forth).
-----
Searched “inside car” https://www.google.com/search?as_st=y&biw=1422&bih=589&tbs=sur%3Af&tbm=isch&sa=1&ei=QAWlW56MKcaJggeOjrvwAQ&q=inside+car&oq=inside+car&gs_l=img.3..0l10.1544941.1546251..1546828...0.0..0.116.994.6j4......1....1..gws-wiz-img.XiNdVd-3P-4
Hands on the wheel
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=Ku6nW_-8POTc5gK9ko2wCA&q=hands+on+the+wheel&oq=hands+on+the+wheel&gs_l=img.3..35i39j0l3j0i5i30l4j0i8i30j0i5i30.230834.233860..234320...0.0..0.113.1844.6j12......1....1..gws-wiz-img.......0i24.dRQmFf66oUA#imgrc=0W9pLjzjBRSAtM:





GPS
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Tasks where a driver is switching glances back and forth between those inside the vehicle and those outside the vehicle are perhaps much more frequent today than 20 years ago.
Now we all have GPS units and many of us choose to look at the visual display for directions in addition to or instead of listening to the audio display directions.
-----
Searched “LYFT driver checking GPS”
https://www.google.com/search?as_st=y&biw=1422&bih=589&tbs=sur%3Af&tbm=isch&sa=1&ei=Lg6lW9aoDKmOggfdgIrwDw&q=lyft+driver+checking+gps&oq=lyft+driver+checking+gps&gs_l=img.3...28893.30087..30408...0.0..0.109.517.1j4......1....1..gws-wiz-img.NSgeV2nDFPQ#imgrc=QSvNnr9GrZ-fbM:


The mean and the distribution
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In vehicle distractions have long been associated with crashes.  
Up until recently, researchers assumed that it was the mean duration that was a problem (1, arrow mean).
But, it turns out that it is the especially long glances that create the problem (2, arrow long tail).
-----
Searched “distribution with a long tail” https://www.google.com/search?as_st=y&biw=1422&bih=589&tbs=sur%3Af&tbm=isch&sa=1&ei=-BGlW42zKuG1ggeo_a74Ag&q=distribution+with+a+long+tail&oq=distribution+with+a+long+tail&gs_l=img.3..0i24.11648.11648..12041...0.0..0.109.109.0j1......1....1..gws-wiz-img.N49j3FNIGIY


Why especially long glances inside the
vehicle are dangerous

O Glance durations inside the vehicle

= Naturalistic studies (Klauer et al., 2006).
=  Simulator studies (Horrey & Wickens, 2007).

O Does limiting the maximum duration of in-vehicle glances solve the
distraction problem?

Credit: Google images, noncommercial reuse .
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How do we know this?
Two studies are worth noting.
First, in a naturalistic study reported by Klauer et al. (2006), the authors attempt to determine the relationship between driver inattention and crash/near-crash risk. 
They concluded that drivers engaging in secondary visually or manually complex tasks had a three times higher near crash/crash risk than drivers who were attentive (i.e., not engaged in a secondary task). 
In another simulator study by Horrey and Wickens (2007), it was found that 80% of the crashes on the simulator were due to the 20% of the glances inside the vehicle longer than 2 s. 
But long glances inside the vehicle are only half of the problem (1, inside car)!!!
-----
Horrey and Wickens’ work with tails of glance distributions showed.[DELETE? that longer than average glances were more critical and relevant from a safety perspective than average glances.






.

We also need to know the minimum
glance on the forward roadway

0 Glances On the Forward Roadway
= Excessively short glances a problem

=  Minimum duration (threshold duration) > ?7??

Q@ Volpe w0
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In particular, when Dr. Siby Samuel and I started looking at this issue very little research has been conducted to determine how long a driver needs to glance towards the forward roadway in order to detect and respond to threats present/emerging from the forward roadway. between glances inside the vehicle 
It would appear to be extremely important to obtain this information. 
The intuition guiding its importance is suggested by the observation that very short glances (e.g., glances under 500 ms) are too quick to capture the existence of potential hazards as the traffic environment constantly changes (i.e., is dynamic).
However, it is not known just how short is too short. 
Specifically, it is not known how long at a minimum the driver needs to glance on the forward roadway in between glances inside the vehicle in order to detect potential hazards with the same accuracy that is obtained when the driver is looking continuously at the forward roadway.
This minimum duration will be referred to as the threshold duration of the glance on the forward roadway, or simply the threshold duration
*****
Hands on the wheel
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=Ku6nW_-8POTc5gK9ko2wCA&q=hands+on+the+wheel&oq=hands+on+the+wheel&gs_l=img.3..35i39j0l3j0i5i30l4j0i8i30j0i5i30.230834.233860..234320...0.0..0.113.1844.6j12......1....1..gws-wiz-img.......0i24.dRQmFf66oUA#imgrc=0W9pLjzjBRSAtM:




Treatments: Continuous condition

Control (Continuous) Condition

Center
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Dr. Siby Samuel ran an experiment to determine just what was the duration of the minimum glance on the forward roadway in between glances inside the vehicle.
The experiment was run on a driving simulator with three forward screens.
There were three conditions.  Each participant was assigned to only one condition.
In the continuous condition, the simulated world was displayed on all three screens in front of the driver at all points in time during a driver.



Treatments: Unloaded condition

Alternating Baseline Condition (Unloaded)

Center L ot Center

DLF
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In the alternating baseline or unloaded condition, the driver’s view of the forward roadway on the center screen is interrupted multiple times during the performance of a secondary task by a black blank screen.
The driver did not need to do anything which is why it is referred to as the unloaded condition.
Note that the duration of the glance on the forward roadway and the duration of the glance inside the vehicle is entirely controlled by the experimenter in this case



Treatments: Loaded condition

Alternating Experimental Condition (Loaded)

Center L i Center
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In the alternating loaded condition, the driver’s view of the forward roadway on the center screen is interrupted multiple times during the performance of a secondary task by a target display
The driver had to count the number of t’s.
Again, note that the duration of the glance on the forward roadway and inside the vehicle is entirely controlled by the experimenter this condition.



Nine groups in experiment

O Continuous: One group continuous (5 participants)

0 Alternating Unloaded: Four groups in alternating baseline condition (5
participants each)

= Bl1l:2sdown,1sup,...
= B2:2sdown, 2sup, ...
= B3:2sdown,3sup, ...
= B4:2sdown,4sup,...

0 Alternating Loaded: Four groups in alternating loaded condition (5
participants each)

= E1:2sdown,1sup,...
= E2:2sdown, 2sup, ...
= E3:2sdown,3sup, ...
= E4:2sdown, 4 s up,....

@ Volpe w0



Scenarios and dependent variables
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These nine groups of drivers were exposed to a number of hazard anticipation scenarios on the driving simulator.
Eye movements were recorded throughout.
We determined whether they looked or did not look for the latent hazard.
Here the latent hazard would have been a pedestrian which could emerge from behind the truck.


Results:

Proportion Hazards Detected
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Here we see the results.
On the y-axis is the proportion of latent hazards that were detected.
The blue bar represents the group that was able continuously to see the forward roadway.
It is clear they are more likely than any of the other groups to detect a latent hazard.
It is also clear looking at the progressive increase in the proportion of hazards anticipated that this increases as the duration of the forward glance increase in both the unloaded, alternating green group and in the loaded, alternating red group.
But the performance in the alternating groups never approaches the continuous conditions.
Fitting models to the data, we find that it would have taken a full seven seconds for performance in unloaded condition to reach the level of performance in the continuous condition.


What about microsleeps?
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So what does all of this have to do with microsleeps?
Well Bobbie Seppelt and others (2017) have shown that if one keeps running track of the 25 seconds prior to and up to the current moment one can reliably differentiate in naturalistic data between crashes and near crashes.
This is extraordinary.  No one has been able to come close to doing this.
The key is to note the duration of the glances down and glances up, the glances down reducing attention and the glances up increasing attention.
But the glances up increase attention less quickly than the glances down decrease attention.
At some point attention gets so low when glance for relatively long periods of time inside the vehicle and relatively short periods of time outside the vehicle that a crash is likely if an occasion occurs which requires the drivers full attention.
I think that this same procedure could potentially be used to predict microsleeps.
But, as with all things, more research is needed.
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Presentation Notes
I said at the very beginning that in order to think creatively about solutions to fatigue and transportation we need to consider the different levels of automation, the different functional impairments, and the different modes.



Levels of Automation:
Black swans and lumberjacks redux

Wickens, 2014
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First, consider the importance of the level of automation to the understanding of the effects of fatigue.
Chris Wickens (2014) in a now famous talk titled “Black Swans and Lumberjacks” noted that a little bit of automation helped a lumberjack and, if the automation failed, the lumberjack could recover.
However, while a great deal of automation could help the lumberjack even more, if it failed a disaster was awaiting.
The same is true of automation.  The black swan here is the rare event.  With a little bit of automation, if the driver fails to see the rare event he or she is only partly out of the loop.  But with a  great deal of automation, say Level 3, the driver is almost completely out of the loop and disaster awaits.
This is doubly true for the fatigued driver.
-----
Black swan
https://www.google.com/search?as_st=y&tbm=isch&as_q=black+swan&as_epq=&as_oq=&as_eq=&cr=&as_sitesearch=&safe=images&tbs=sur:f#imgrc=fqS2R6FXl_X_QM:
The Lumberjack by brutebysimon
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=InKmW-mrNsuMggfL36LQAQ&q=lumberjack&oq=lumberjack&gs_l=img.3..0j0i67l2j0l7.6307283.6311247..6311606...1.0..1.1381.4614.2-3j0j1j0j1j2......1....1..gws-wiz-img.qkxAtuJvKUc#imgrc=znOiib46owpwyM:


Functional Impalrments
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Second, consider the importance of thinking broadly about the types of functional impairments.
We know that there are situations where automation is likely to prove troublesome for fatigued individuals.
I noted that by considering training programs for entirely different functional impairments, in this case a lack of experience, one could potentially train drivers so that when fatigued they were much more likely to drive safely, anticipating hazards, paying attention, and mitigating hazards correctly when they did occur.
Here we are providing help before the driver ever hits the road.
*****
Searched “driver getting into car”
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=F--nW-TEDunc5gKFmKPIBw&q=driver+getting+into+car&oq=driver+getting+into+car&gs_l=img.12...0.0..3251...0.0..0.0.0.......0......gws-wiz-img._y5Z8pxmy4o#imgrc=ZZDeT-Sjae83kM:
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I hope that the different perspectives on how one could take the elephant out of the room have proved useful.
*****
Jigsaw puzzle
https://www.google.com/search?as_st=y&tbs=sur%3Af&tbm=isch&sa=1&ei=i5ymW_yoAoW05gLLi6noAg&q=jigsaw+puzzle+pieces&oq=jigsaw+puzzle&gs_l=img.1.0.35i39j0i67l2j0j0i67l2j0j0i67l2j0.5445.7078..9978...0.0..0.756.1613.0j5j1j6-1......1....1..gws-wiz-img.......0i7i30.hNzv4L8243E#imgrc=B1_xyq2F56y9vM:
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Good morning.
My name is Don Fisher
As Naomi just indicated, I am now a Principal Technical Advisor at the Volpe National Transportation Systems Center in Cambridge, Masssachusetts and a former Department Head in Mechanical and Industrial Engineering at the University of Massachusetts Amherst.
I want to thank you for inviting me to present at the NIOSH Director’s Webinar Series on Working Hours, Sleep and Fatigue
-----
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email: twh@cdc.gov for the unedited transcript



Presenter
Presentation Notes
Thank you Dr. Fisher, for a very interesting presentation. 

Before we jump to the questions, just a quick reminder to the folks who are joining us online to please type in your questions in the Q&A box on the lower right hand corner of your screen. 

As we start to compile the questions, I will remind you that the webinar and presentation slides will be available on our NIOSH work schedules website, along with archived presentations in this Working hours, sleep and fatigue webinar series. 

Again, if you would like a copy of the unedited transcript, please email total work health at the email link below. 

So it looks like we a few questions in the queue for Dr. Fisher. 



http://www.cdc.gov/niosh/topics/workschedules/webinars.html
mailto:twh@cdc.gov
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