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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 very little change in how drivers interface with vehicle. 

• What do trends in automation, advanced driver assistance systems and 
information connectivity tell us about expectations for the next 25 or more years?
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A Partial List of Concepts To Consider
In no particular order of significance

• Trust in technology

• The theory of experience

• Lessons from other domains

• Education

• Human capabilities
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My Trust in Technology
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Automation and the Big Red Button: To 
Trust or Not?

• 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?

• Experiential learning does 
not yet exist. 
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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



© 2013Correspondence > Bryan Reimer, Ph.D. > (617) 452 – 2177 > reimer@mit.edu

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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Human Centered Automation

“But it has been become 
evident that the human, 
when put in the role of 
monitor, supervisor, and 
automation backup in the 
case of failure, may not 
perform well.”

A key to safety?

“The human is seen as an 
essential element in the 
system for monitoring the 
automation, to act as a 
supervisory controller over 
the [automation], and to be 
able to step in when the 
automation fails.” 

Sheridan (1995), Human centered automation: oxymoron or common sense?
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Workload & Performance
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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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Physiological Measures

This can provide:

• Input to workload management
(reduce low priority information display and 
minimize automation induced monotony)

• Input to active safety
(automatic collision response)

• Input to passive safety
(next generation advanced collision 
notification)

A method for detecting over-arousal and possibly under-arousal 
(fatigue, inattentiveness) 

Our vision of aware vehicles where the 
driver is an active, not passive, part of the 
system. (Reimer, Coughlin & Mehler, 2009)
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Physiological Arousal
What Can We Study in the Car?

• Measures initially considered:
› Heart Rate 
› Heart Rate Variability
› Pulse height (peripheral blood flow)
› Skin Temperature
› Skin Conductance
› Skin Conductance Response
› Respiration Rate
› Pupil diameter
› Muscle Tension
› EEG (brain waves)
› Stress Hormones 
› fNIRS

• Which measures will prove most sensitive at differentiating levels of 
demand?

• What minimum set of measures is required to quantify changes in driver 
state that provide a robust understanding of arousal and attentional focus?

Part of a larger project evaluating various methods of detecting driver state

(drawn in part from Mehler et al., 2009)



© 2013Correspondence > Bryan Reimer, Ph.D. > (617) 452 – 2177 > reimer@mit.edu

Heart Rate & Skin Conductance
Response to 3 Levels of Added Workload

• Both increase with task 
difficulty (p <.001)

• Heart rate (HR) changes 
essentially linear with 
demand; rapid recovery

• Skin Conductance (SCL) 
reactivity at low demand 
suggests emotional 
component; slower recovery

(Mehler, Reimer & Coughlin, 2012)
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Aware Vehicles

• Improve self control

• Increase trust (person as an active vs. passive partner)

• Tailor to individual reactivity profiles and capacity

Individualized Real-time Feedback for the Driver
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(Coughlin, Reimer & Mehler, 2011)
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Other Applications of Physiological 
Monitoring

• Design assessment and optimization:
minimize cognitive workload and distraction 
associated with in-vehicle and handheld 
technology usage – method of classifying over 
taxing non-visual demands? 

• Health state detection: monitoring diabetes 
or cardiovascular conditions – warning that 
attention may be compromised? 

• Emergency response data: store short 
term EKG prior to crash and provide as 
supportive information to emergency medical 
teams – optimize the golden hour? 

Heart Rate (EKG)
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In Summary, I Believe We Need To:

• Continue exploring technologies for 
autonomous vehicles

• Make parallel investments in developing 
our understanding of how to optimize the 
human’s connection with autonomous 
systems

• Clarify the benefits and consequences of 
system use and misuse 

• Learn from complementary domains

• Stop assuming that autonomy alone will 
solve our nation’s transportation problems
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