
Divided Attention, Mental 
Workload, and Human Error

� Multi-tasking
� Driving 
� Aviation
� Medicine

� Reason’s Human Error Classification
� Slips
� Lapses
� Mode Errors

� Case Studies



Resource Theories of Attention
Daniel Kahneman (1973)
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Performance-Resource Function

� Single-task 
performance 
occurs when all 
resources are 
invested in one 
task
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Performance-Resource Function

� Diverting resources 
to a secondary task 
may decrease 
performance on the 
primary task

� If so, primary task 
is resource limited 
(C to B)
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Performance-Resource Function

� Optimal performance 
of simpler or well-
trained tasks may not 
exhaust resource pool

� If so, task is data-
limited (C to A)

� Difficult tasks can also 
be data-limited
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PRF and Time Sharing

� Resource Limited: Any 
time-sharing between the 
tasks results in a decline in 
performance

� Primary and secondary task 
performance measures the 
amount of resources (mental 
workload) demanded
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Performance Operator Characteristic 
(POC) Curves

Performance 
on Task A

Performance 
on Task B

Single Task A

Single Task B

P

Cost of concurrence

Poor

Good

effi
cie

ncy

bias



Multiple Resource Theory 



Mental Workload

� Primary task measures
� Secondary task measures
� Physiological measures
� Subjective measures



Criteria for Measures of Mental Workload

� Sensitive to changes in task demands
� Diagnostic of which resources are used
� Sensitive to mental not physical workload
� Unobtrusive
� Reliable across measurements



Human Factors Engineering

� Boeing Helicopters (Philadelphia)
� Army LHX – Apache prototype
� Top Gun Pilots
� High Fidelity Simulator ($40 M)
� Realistic Terrain (100 sq mi of Germany)
� Design User Interface 



Apache Cockpit



Primary Task Measures

� How is primary task performance?
- e.g., flying below 6’ - not crashing

� High validity, but performance may be close 
to data limits 

� May be difficult to obtain good measures of 
primary task performance

� Not diagnostic of which resources



Secondary Task Measures

� Involves concurrent “secondary” task
- e.g., oddball task - count rare tones

� Assumes that secondary task performance 
decrease because resource demands of primary 
task increase

� Relatively obtrusive



Physiological Measures

� Examine physiological changes as person 
perform task

� Heart rate, ERPs, pupil diameter
� Continuous measure, not obtrusive
� Easier in design that application
� On-line adaptive algorithm



Event-Related Brain Potentials



Subjective Measures

� Have subjects rate difficulty of task
� Easy to administer
� High acceptability of users
� Unobtrusive
� May not be diagnostic



NASA-TLX



Medical Human Factors
(Anesthesiology)



Anesthesiology Patient Simulator



Anesthesiology

� Anesthesiologists task: “Keep the patient stable during surgery!”

� integrate information into a mental model
� predict upcoming incidents 
� choose the right course of action

� in 20% of all cases, unexpected incidents 
� 25% of these pose significant danger to the patient 

� 98,000 fatalities / year during surgery 
� 1 fatality every 5 minutes



Anesthesiology
(SSSI Technology)



Anesthesiology
(Advanced Drug Display Technology)



Anesthesiology

� Summary: Advanced Displays 
� New displays improve performance
� Reduce error
� Reduce cognitive workload


