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4)     Human-Machine Futures

The Themes of My Presentation



OVERLOAD AND UNDERLOAD



òHours of Boredom, Moments of Terror.ó

- The Underload Problem (Vigilance -Fatigue). 

In General ðEvents are Routine and Unsurprising.

Occasionally, they go Spectacularly Wrong.

- The Overload Problem. 

- Really Today its òMonths of Monotony, Milliseconds of Mayhem.ó

Overload and Underload





LOTS OF PROFESSIONS ARE CHARACTERIZED BY

HOURS OF BOREDOM: MOMENTS OF TERROR

HOURS, DAYS, WEEKS, MONTHS EVEN YEARS OF PREPARATION FOR

HOURS, MINUTES, EVEN MERE SECONDS OF PERFORMANCE .

ATHLETES MUSICIANS ACTORS PILOTS

FIREFIGHTERS PARAMEDICS SOLDIERS RESEARCHERS



The Stress of Underload ðSensory Deprivation

Donald Hebb

Hancock, P.A. (1980). Sensory deprivation: A psychological stress factor? 

Swimming Technique , 16, 122 -123. 



If You Build Systems,

Then, 

They Will Rarely Respond When Required.

THE AUTOMATION PARADOX (HITLAP) PRINCIPLE

The Problems of Vigilance and Complacency

Where People are Rarely Required to Respond



FROM UNDERLOAD TO OVERLOAD ðAIR FRANCE 447

Cascading Warnings ðTime Stress (3.5 minutes. Onset to Crash)

http://en.wikipedia.org/wiki/File:Voo_Air_France_447-2006-06-14.jpg


Captain David Hart-Dyke, Captain of 

HMS Coventry, sunk during the Falklands War. 

LETõS GO FROM UNDERLOAD TO OVERLOAD

ñIwas aware of a flash and tremendous heat, and the

crackling of the radar set in front of my face as it

began to disintegrate. There was smoke everywhere,

complete devastation. It seems like an age but your

brain does funny things with time and you just

concentrate on getting out. I could feel nothing. No

pain, nothing.ò

Consider Time Distortion Under Extreme Stress



In Times of Stress, The Brain ôFountainsõ Stimulation

And Then Back Again. That is: From ôBottom-Upõ and then ôTop-Downõ 

Through the RAS

and the DTPS

To the PFC



Performance on the Very Edge

Hancock, P.A., & Weaver, J.L. (2005). Temporal distortions under extreme stress. 

Theoretical Issues in Ergonomic Science, 6 (2), 193-211.
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STRESS AND PERFORMANCE



Yerkes, R.M., & Dodson, J.D. (1908). The relation of strength of stimulus to rapidity 
of habit formation. Journal of Comparative Neurological Psychology , 18, 459-482.

The Inverted -U Theory of Stress and Performance

Robert M. Yerkes

The Yerkes-Dodson Law



A Framework for Stress Research

Hancock, P.A., & Warm, J.S (1989) A dynamic model of stress 

and sustained attention. Human Factors, 31(5), 519-537. 



A More User -Friendly Version

Forms of Failure: Gradualism vs. Punctated Equilibrium



Failing as a Phase Transition



1) Progressively Less Stable Punctate Equilibrium

(The ôStair-Stepsõ of Failure)

Symptoms of Failure

3) Hysteretic Inertia

(Recovery Takes Longer than Failure)

2) Variability Around Phase Transitions

(Take a Good Look at Oscillations)



AUTOMATION AND ADAPTIVE AUTOMATION



Automation Has Been Around Some Time



òDueto Automated Terminal Information Service(ATIS) at ZZZ and direction of flight, we setup to

arrive on XXR. Oncehandedoff to Approach we were told to expect Runway XXL and revisedFMS,

re-briefed, and repeated Descent / Approach Check. Upon handing us off to tower, the tower

advisedusclear for visual on "XXR" . Whenquestionedhe apologizedand continued with vector for

XXL. We had madeno changesto FMSfor clearancein error. We were vectored to descentoutside

the Final Approach Fix (FAF). The First Officer was pilot flying and had autopilot 2 engaged. All

indications and procedures were normal until inside the FAFat approximately 1700MSL at which

time the aircraft executedan UNCOMMANDEDgo-around. Initially this wasindicated by speedbug

rising rapidly and disappearing off-scale along with significant power increase. First Officer

attempted to disconnect autopilot and autothrottles using any acceptablemeanspossiblewith no

effect. I aspilot monitoring alsoattempted disconnectwith no effect. Due to the nature and rapidity

with which this event occurred, we were only able to get gearup before we rapidly exceeded40-50

KT overspeedof flapseventhough they were in early stageof retraction . At approximately 3000MSL

we regained control of aircraft although not entirely sure how other than repeated disconnect

attempts. We were at 250KTS. We advisedATCthat we had gonearound and were able to return, so

they vectored for another attempt. This time with vectors arriving from Eastside of airport the

SAMESCENARIOREPEATEDin its entirety! We had aircraft set up with First Officer flying and

autopilot 2 engaged, because we had no reason to believe there was a problem with that

configuration, although we weren't surewhy it had happened. After the SECONDUNCOMMANDED

go-around we manually flew the aircraft to uneventful landing on XXL. During the second go-

around ATC queried what the problem was and I advisedthem we had an Auto-Throttle Problem

and would return to land without systemactive and expectedno further issues. "Emergency" WAS

NOTdeclared. Aspilots we naturally question ourselvesrepeatedly asto whether we mayhavedone

somethingwrong but could comeup with nothing.ò (ASRSReport).

Fighting With the Automation: ASRS

First Officer attempted to disconnect autopilot

and autothrottles using any acceptable means

possiblewith no effect.

At approximately 3000MSL we regained control

of aircraft although NOT ENTIRELYSUREHOW

other than repeateddisconnectattempts.



HUMAN -CENTERED AUTOMATION

Choosing the LEVEL of Automation

After: Endsley and Kiris.



Measuring Attention ðAdapting Demands
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Adaptive Automation

An Intelligent, Adaptive System Founded on 

Assessment of the Operator State


