Divided Attention, Mental
i Workload, and Human Error
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Case Studies




Resource Theories of Attentio

Daniel Kahneman (1973)
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Performance-Resource Function
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Performance-Resource Function
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Performance-Resource Function
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Performance-Resource Function
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PRF and Time Sharing
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Performance Operator Characteristic
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Multiple Resource Theory
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i 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

v

Boeing Helicopters (Philadelphia) |
Army LHX — Apache prototype
Top Gun Pilots

High Fidelity Simulator ($40 M)

Realistic Terrain (100 sg mi of Germany)
Design User Interface




Apache Cockpit




i 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



i Secondary Task Measures

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

Assumes that secondary task performance
decrease because resource demands of prima

task increase
Relatively obtrusive



i 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
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i Subjective Measures

Have subjects rate difficulty of task
Easy to administer

High acceptabllity of users
Unobtrusive

May not be diagnostic



NASA-TLX

TABLE -3 HNASA T ¥ Bating Seals Dpﬁ"nr-::-nq

TITLE EHD POINTS DEEEFIIF"I’I::IH

Mental demand Lowi/High Heow rmuch mental and perceptual activity was required
(e.g., thinking, deciding, calculating. remambering,
Incking, searching, ele.)? Was the task easy or
demanding, simple or comalex, exacling or forgiving?

Physical demand LeowMigh Hew much physical aetivity wias requirsd (e.g., pushing,
pulling, turning, contralling, activating, ete.)? Was the
task easy or demanding, slow or brisk, slack or
slrenuous, rasthul or labonous?

Temporal demand LowHigh How much time pressure did you fesl dus 1o the rate or
pace al which the 1asks or lask elements oocurred?
Was the pace slow and leisuraly or rapid and franbcy

Performancs Lo/ High How successiul do you think you were in accomplishing
the goals of the fask sat by the exparimaniar (or
yoursell? How satisfied were you with your
performance in accomplishing these goalsy

Effort LowHigh How hard did you have 10 woek (mentally and physically)
to accormnplish your level of perormance?
Frusiration leveal LawsHigh How insecurs, discourgged, irtated, stressed, and

annoyed versus securg, gratilied, content, relaxed, and
complacent did you fesl during the task?

From 2, G. Harl and L. E. Blaveland, Devaloamean] J H.HS-’I.-'IL}!. l:'I:ElEI-:. L-:!-En:l Irdexy

Fesults of empirical and theoratical research, In 2, &
Mot Mkl Wovkload, 1838, Rearnled with sarmission ol Elsavar Eu:;narr.,E- F'l.trllshe'a



Medical Human Factors
i (Anesthesiology)




Anesthesiology Patient Simulator
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Anesthesiology

Anesthesiologists task: “Keep the patient stabkendusurgery!”

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
ﬁ (Advanced Drug Display Technology)



Anesthesiology

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



