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Projected Population of People 70+

Figure drawn from IIHS Status Report (2014) Vol. 49, No. 1
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Evolution

• Drivers are “outdated … with 
stone age characteristics and 
performance controlling a fast, 
heavy machine in an 
environment packed with 
unnatural, artificial signs and 
signals.” (Dewar, 1988)

• Faber (1993) expands on this by 
noting that our ancestors were 
daytime hunters used to 
monitoring animals running at 
speeds of no more than 25 MPH 
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Crash Rates are Decreasing for Older Adults

Figure drawn from IIHS Status Report (2014) Vol. 49, No. 1

US fatal passenger vehicle driver crash involvements per 100,000 licensed drivers by age

Older drivers 
are looking 
more like 

middle-aged 
drivers
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Crash Rates are Decreasing for Older Adults

Figure drawn from IIHS Status Report (2014) Vol. 49, No. 1

US fatal passenger vehicle driver crash involvements per 100 million miles traveled

The bathtub 
curve is 
changing 

shape
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The Importance of Driving to Older Adults

• Responses from MIT AgeLab 
focus group research:

› “If it came to eating soup 
every day to keep my car or 
steak every day to give up 
the car…… I would eat soup”. 
Older Female Respondent, Chicago

› “You can always get another 
wife, but you can only get 
one driver’s license”. 
Older Male Respondent, Boston 
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The Ever Changing Vehicle

• Over the past 100 or so years, while the outward appearance of vehicles has 
changed, we have seen little change in how drivers interface with the vehicle. 

• What do trends in advanced driver assistance systems, automation and 
information connectivity tell us about expectations for the next 100 years?
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Benefits of Vehicle Automation

“Autonomous cars may seem like a gimmick, he 
begins, but when you consider all the time that 
people won’t be devoting to their rear view mirrors, 
and all the efficiencies that come from cars that 
could be zipping between errands rather than idling 
in parking lots, the world looks like a very different 
place. Car ownership would be unnecessary, 
because your car (maybe shared with your 
neighbors) will act like a taxi that’s summoned 
when needed. The elderly and the blind could be 
thoroughly integrated into society. Traffic deaths 
could be eradicated. Every person could gain lost 
hours back for working, reading, talking, or 
searching the Internet.” 

Google co-founder Sergey Brin as reported by Brad Stone 
of Bloomberg Business Week – May 22, 2013
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Technological Advances
Will lead to driverless vehicles but challenges remain

• Sensor technology

• Computational power

• Algorithm development

• Connectivity  
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Vehicle Automation
National Highway Traffic Safety Administration

• Level 0 – No Automation

• Level 1 – Function Specific Automation

• Level 2 – Combined Function

• Level 3 – Limited Self-Driving Automation

• Level 4 – Full Self-Driving Automation

Presenter
Presentation Notes
• Level 0 – No-Automation. The driver is in complete and sole control of the primary vehicle controls (brake, steering, throttle, and motive power) at all times, and is solely responsible for monitoring the roadway and for safe operation of all vehicle controls. Vehicles that have certain driver support/convenience systems but do not have control authority over steering, braking, or throttle would still be considered “level 0” vehicles. Examples include systems that provide only warnings (e.g., forward collision warning, lane departure warning, blind spot monitoring) as well as systems providing automated secondary controls such as wipers, headlights, turn signals, hazard lights, etc. Although a vehicle with V2V warning technology alone would be at this level, that technology could significantly augment, and could be necessary to fully implement, many of the technologies described below, and is capable of providing warnings in several scenarios where sensors and cameras cannot (e.g., vehicles approaching each other at intersections). • Level 1 – Function-specific Automation: Automation at this level involves one or more specific control functions; if multiple functions are automated, they operate independently from each other. The driver has overall control, and is solely responsible for safe operation, but can choose to cede limited authority over a primary control (as in adaptive cruise control), the vehicle can automatically assume limited authority over a primary control (as in electronic stability control), or the automated system can provide added control to aid the driver in certain normal driving or crash-imminent situations (e.g., dynamic brake support in emergencies). The vehicle may have multiple capabilities combining individual driver support and crash avoidance technologies, but does not replace driver vigilance and does not assume driving responsibility from the driver. The vehicle’s automated system may assist or augment the driver in operating one of the primary controls – either steering or braking/throttle controls (but not both). As a result, there is no combination of vehicle control systems working in unison that enables the driver to be disengaged from physically operating the vehicle by having his or her hands off the steering wheel AND feet off the pedals at the same time. Examples of function-specific automation systems include: cruise control, automatic braking, and lane keeping. • Level 2 - Combined Function Automation: This level involves automation of at least two primary control functions designed to work in unison to relieve the driver of control of those functions. Vehicles at this level of automation can utilize shared authority when the driver cedes active primary control in certain limited driving situations. The driver is still responsible for monitoring the roadway and safe operation and is expected to be available for control at all times and on short notice. The system can relinquish control with no advance warning and the driver must be ready to control the vehicle safely. An example of combined functions enabling a Level 2 system is adaptive cruise control in combination with lane centering. The major distinction between level 1 and level 2 is that, at level 2 in the specific operating conditions for which the system is designed, an automated operating mode is enabled such that the driver is disengaged from physically operating the vehicle by having his or her hands off the steering wheel AND foot off pedal at the same time. • Level 3 - Limited Self-Driving Automation: Vehicles at this level of automation enable the driver to cede full control of all safety-critical functions under certain traffic or environmental conditions and in those conditions to rely heavily on the vehicle to monitor for changes in those conditions requiring transition back to driver control. The driver is expected to be available for occasional control, but with sufficiently comfortable transition time. The vehicle is designed to ensure safe operation during the automated driving mode. An example would be an automated or self-driving car that can determine when the system is no longer able to support automation, such as from an oncoming construction area, and then signals to the driver to reengage in the driving task, providing the driver with an appropriate amount of transition time to safely regain manual control. The major distinction between level 2 and level 3 is that at level 3, the vehicle is designed so that the driver is not expected to constantly monitor the roadway while driving. • Level 4 - Full Self-Driving Automation (Level 4): The vehicle is designed to perform all safety-critical driving functions and monitor roadway conditions for an entire trip. Such a design anticipates that the driver1 will provide destination or navigation input, but is not expected to be available for control at any time during the trip. This includes both occupied and unoccupied vehicles. By design, safe operation rests solely on the automated vehicle system. 
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Levels of Control
“Partially Autonomous Driving” is the focus of todays talk

• Level 0 – No Automation

• Level 1 – Function Specific Automation

• Level 2 – Combined Function

• Level 3 – Limited Self-Driving Automation

• Level 4 – Full Self-Driving Automation

Key area of focus
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Advanced Driver Assistance Systems

• Low speed maneuvering
› Backup cameras
› Forward and reverse sensing
› Cross traffic warning
› Parallel parking assistance
› Pedestrian detection

• High speed travel
› Adaptive cruise control
› Forward collision warning
› Automatic emergency braking
› Blind spot detection or warning
› Lane departure warning
› Lane departure mitigation

Independently implemented level 0 – 1 automation
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The Benefits of ADAS

Projected benefits

Autonomous Emergency Braking (AEB) – a key technology for enhancing 
older adult safety? 

Real-world benefits

IIHS, Status Report 2012IIHS Crash Avoidance Ratings 2013
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Human Factors for Automated Vehicles

• How do we ensure a smooth 
transition from highly automated 
driving back to “manual” control?

• How can we develop an interface 
that can provide a “driver” with a 
clear understanding of the status 
of the automation?

• How do we ensure that the 
“operator” remains attentive and 
capable of resuming control if the 
automation fails?

• Do we need to keep the driver “in 
the loop”?

A sample of questions “I” keep getting asked about
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Human Centered Considerations
A partial list in no particular order of significance

• Trust in technology

• The theory of experience

• Education

• Workload
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My Trust in Technology
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Ford Active Park Assist

(Reimer, Mehler & Coughlin, 2010)
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Automation and the Big Red Button

• In many situations 
automation will outperform 
human operation, but will 
the driver trust it?

• How will one choose when 
to or when not to provide / 
accept autopilot control?

• In what way will automation 
impact self-regulation?

• Experiential learning does 
not yet exist. 

To Trust or Not?
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Experience

Today
VMT = VMD

Tomorrow?
VMT ≠ VMD

Vehicle Miles Traveled (VMT)
Vehicle Miles Driven (VMD)
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A Case Study: The FAA
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Education

“One of the myths about 
the impact of automation 
on human performance is 
as investment in 
automation increases, less 
investment is needed in 
human expertise” 

David Woods as quoted by 
Robert Sumwalt, 2012
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A Simple Way to Think of Operator 
Behavior Variability

Drivers

Pilots

Astronauts
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Motivation to Learn and Maintain Focus

Drivers

Pilots

Astronauts
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Workload & Performance

Workload / Stress
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Yerkes-Dodson Law
The relationship between performance and physiological or mental arousal 

Inattention
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Workload & Performance
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Workload & Performance
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Failures in Automation
Required reading

”There will always be a set of 
circumstances that was not 
expected, that the automation 
either was not designed to handle 
or other things that just cannot be 
predicted,” explains (Raja) 
Parasuraman. So as system 
reliability approaches—but doesn’t 
quite reach—100 percent, ”the 
more difficult it is to detect the 
error and recover from it”
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Liability

“The first time that a driverless vehicle 
swerves to avoid a shopping cart and 
hits a stroller, someone’s going to 
write, ‘robot car kills baby to save 
groceries,’ ” he said. “It’s those kinds 
of reasons you want to make sure this 
stuff is fully tested.”  

(Ryan Calo, a law professor at the University of 
Washington who co-founded the Legal Aspects of 
Autonomous Driving Center at Stanford, 2013)

No system is “truly perfect”
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What is Defective?
Is it the technology or the operator?

NHTSA Office of Defects Investigation (ODI) 
“received two complaints of false application 
of emergency braking in model year 2013 
Infiniti JX35 vehicles. In both complaints, 
the consumers allege that the intelligent 
brake assist system inappropriately 
activated emergency braking 
autonomously bringing the vehicle to an 
immediate and complete stop.” – Nissan’s 
resolution was a software update

An investigation is currently active looking at 
a similar ODI complaint against the 2014 
Chevy Impala.
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Looking at Technology Learning
Where the rubber meets the road!

• The manual

• DVD’s & the web

• Sales staff

• Friends

• Trial and error

?
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strative results drawn from: Reimer, B. & Mehler, B. (2013). The Effects of a Production Level “Voice-Command” Interface on Driver Behavior: 

mmary Findings on Reported Workload, Physiology, Visual Attention, and Driving Performance. MIT AgeLab White Paper No. 2013-18A. 
ssachusetts Institute of Technology, Cambridge, MA.
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Interface Tasks

• Visual-manual task (radio tuning)
› Single press preset selection – Radio Easy (M)
› Manual radio tuning to a specified station (i.e. FM 98.5) – Radio Hard (M)

• Voice interface tasks
› Preset selection (manual preset selection equivalent) – Radio Easy (V)
› Tuning to a station (manual radio tuning equivalent) – Radio Hard (V)
› Full address destination entry – Nav Entry (V)
› Cancel navigation – Nav Cancel (V)
› Simple Pre-set phone contact dialing – Contact Dialing (V)
› Song selection – Song Select (V)
› Song selection failure (1 experience) – Song Fail (V)

Extensive parking lot training and driving evaluation (x2) 
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Time on Task
The Voice-based Navigation Entry task took much longer 

to complete than any other task (p < .001)

Presenter
Presentation Notes
Younger subjects complete tasks faster than older participants (p < .001)Manually selecting a radio preset (Radio Easy) took less than 8 seconds from the prompt to “begin” to completion.Verbally requesting a radio preset took as long as the manual tuning (hard) task (25 seconds). Mean task completion time for voice-command entry of a street address into the navigation system was almost two minutes.



© 2014Correspondence > Bryan Reimer, Ph.D. > (617) 452 – 2177 > reimer@mit.edu

Total Off-Road Glance Time

12 second threshold shown as a dashed line. The longer individual line above 
each bar represents the 85% point in the sample distribution for each task.

Longest for Voice Navigation Entry
Voice Radio Hard was lower than Manual Radio Hard

Presenter
Presentation Notes
Main effect of task type (p < .001)Older subjects had longer Total Off-Road Glance Times (p < .001)For Nav. Entry, 13% of younger participants meet the threshold criteria and 0% of the older participants
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Some General Conclusions
• The voice-command interface showed advantages in lower workload 

and visual engagement in some activates (e.g. radio tuning)

• Cognitive load for the voice-command tasks studied was 
generally lower than expected (based on self-report, physiology, 
driving performance)

• Visual demand for some voice-command tasks was higher than 
might be expected 

• Voice recognition was higher than expected with only a select 
number subjects being “dropped” for issues 

• Reducing the amount of audio content listening time required and 
confirmatory responses (expert mode) shortened task time but did 
not appreciably reduce visual demand
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UBER - The Ultimate Automated Vehicle 
for the Older Driver?
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Questions
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