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Tactical Tomahawk Human-in-the-Loop Issues

• UVA FNC grant to look at human performance issues for 
the Tactical Tomahawk

• New generation of cruise missiles
– Loiter concept

• Initial Navy Goals
– Potentially 128 missiles launched per strike
–10 minute loiter response time

• Navy needs a system for monitoring and retargeting
– Interface development

• Tactical Tomahawk Interface for Monitoring and Retargeting 
(TTIMR)

– Analysis of human-in-the-loop elements
– Personnel requirements



Typical Profile of Tomahawk Mission
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Players for a Single Strike

Individual 
Controller

Strike Controller

Team of controllers on 
single platform

Platforms participating in 
strike



Cognitive Work Analysis

– Provides a map instead of directions 

• Allows for more flexible decision tools 

–The ecological approach to understanding a domain

• Initial focus on external constraints as opposed to human-
centered 

• As compared to a more traditional task analysis

– Primarily conducted for causal domains

• Command & control systems are in the intentional domain 
classification

– Difficult because the domain does not exist



Task Analysis v. Cognitive Work Analysis
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TTIMR Retargeting 
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TTIMR

Retargeting Display Monitor Map



Retargeting Display

• Primary element – the Decision Matrix

– Missile/target pairings

– Decision times are primary focus– not TOTs

– The WOO (Window of Opportunity)

• A flexible decision space

• Comm box 

– A chat tool





A Flexible Decision Space: The WOO
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Human-in-the-Loop Testing

• A 3 X 2 X 2 design:

– Missiles

– Arrival rate (Tempo)

– Order of test sessions

• 42 Navy subjects

– 26 active duty, 16 retired

• Dependent variable:  overall performance score

• Repeated measures mixed factorial ANOVA

– Single covariate:  age (retired mean = 47, active duty mean = 32)
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Results

• Main Effects
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• Tempo*order interaction

• p < .001 (F = 18.457, DOF           
(1,35), power = .987)

• Some learning took place



Post Hoc Analysis of Data

• Two emergent trends during testing and data analysis

– Chat box fixation

– Parallel versus serial decision making in retargeting

• Despite training, only 25% executed parallel strategy

– Post hoc 3 X 2 X 2 X 2 repeated measures ANOVA

• IVs: missiles, tempo, chatty, parallel

• Parallel decision process: marginally significant (p=.070, 
DOF(1,70), F=3.384) 

• Chat box fixation:  significant (p=.007, DOF(1,70), F=7.709)

• Can only be considered exploratory



Conclusions

• How many missiles a person can effectively control is 
significantly influenced by the operational tempo.

• The current decision matrix design poses a problem for 
parallel decision making.

• The chat box approach to communications could be 
significantly degrading primary job performance.

– More research needed

• The Navy’s original estimate that one person can only 
effectively control four missiles is low.
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