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Compatibility Principle

“The biggest source of confusion in man-machine
communication arises when the brain has to translate
and interpret information” – Paul Fitts

“High compatibility between the display and either the
mental model or the response is a critically important
feature for effective systems design” – Chris Wickens
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Compatibility & Response Selection Skills

• Response selection is the aspect of information
processing that benefits most from training

• Compatibility between information and
cognitive representations (e.g., response, mental
model) enhances response-selection efficiency

• Thus, our research has focused on perceptual,
cognitive, and motor components of response-
selection skills
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Compatibility Principle in Training

• Stimulus-response compatibility (SRC) effect:
– SRC effect reflects more efficient response selection when

stimulus and response correspond than when they do not.
SRC effect = task-relevant correspondence
Simon effect = task-irrelevant correspondence

• Maintaining SRC can save training costs
– Performance benefits of SRC persist even after 30 days of

practice (Fitts & Deininger, 1953).
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Research Topics

• Original proposal
I. Transfer of newly acquired associations
II. Training with mixed mappings and tasks
III. Performance of multiple tasks

• Suggested extensions
I. More complex, military relevant tasks
II. Integration with the rest of the project
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Focuses of the Project
I. Transfer of newly acquired associations

Proctor, Yamaguchi, & Vu (2007)
Proctor, Zhang, Yamaguchi, & Vu (submitted)
Pellicano, Vu, Proctor, Nicoletti, & Umiltà (in press)
Wang, Proctor, & Pick (2007)

II. Training with mixed mappings and tasks
Proctor & Vu (submitted a)
Yamaguchi & Proctor (2006)
Yamaguchi & Proctor (submitted)

III. Performance of multiple tasks
Shin & Proctor (under revision)
Proctor & Vu (submitted b)
Wang, Proctor, & Pick (submitted)

IV. Extension of Research
Yamaguchi & Proctor (2007)
Yamaguchi & Proctor (in press)
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I. Transfer of Newly Acquired Associations

• Transfer of the incompatible mapping:
– Practice with the incompatible S-R mapping can

reverse the Simon effect on a transfer task.
A stimulus now automatically activates the

noncorresponding response

• Purpose: How specific is the practice effect?
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Transfer of Newly Acquired Associations

A. Auditory and visual presentations
 Operators and soldiers rely heavily on information

presented visually or auditory.
e.g. Visual - Search for targets, navigation of vehicles

Auditory - Alerting systems, team communication

 Transfer between visual and auditory tasks can
enhance performance of the task of interest or
interfere with it.
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Transfer of Newly Acquired Associations

B. Spatial and linguistic codes
 Communication can be achieved by verbally or

spatially presenting information
e.g. Communicating plans through geographic 

information on a portable display

 Performing visuo-spatial tasks while verbally
communicating with team members.

 Thus, transfer of skills acquired in visuo-spatial tasks to
verbal tasks, or vice versa, is of practical importance.
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Transfer of Newly Acquired Associations

C. Response modes
 Operational tasks normally involve several different

motor activities.
e.g. Driving: wheel, pedals, toggle switches,

 gear stick, buttons of various types

 System updates and introductions of new systems often
involve changes of human-machine interface.

 Consequently, we examined whether (and how) change
of response mode modulates the transfer effect
observed in our previous experiments.
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• Implications of experimental results:
– Practice effect is generally specific to stimulus and response modes.
– Thus, training benefits performance best when the training environment

approximates the one in which trained skills are actually used.
– Otherwise, maintaining SRC leads to better performance in general.

– However, extended practice can enhance the transfer of skills across
different contexts.

• Further questions:
– Can transfer of skills across contexts be enhanced when the context of

training varies?
– Does experiencing the test context prior to practice increase the

efficiency of practice?

Transfer of Newly Acquired Associations



MURI Annual Meeting : September, 2007 12

II. Mixed Mappings and Tasks

• Complex machine operation involves multiple
mappings between information and manual
activities.
– Mixing of different mappings is common.

• Thus, we examined effects of mixed mappings
on response-selection efficiency.
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II. Mixed Mappings and Tasks

• Mixing compatible and incompatible
mappings:

– Increase of overall response time
and error rate (mixing cost)

– Cost of switching between the
compatible and incompatible
mappings

– Significant reductions of the
overall SRC effect
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Mixed Mappings and Tasks

• Continuous and discrete S-R modes
Laboratory experiments typically use discrete

stimuli and responses.
e.g. Stimuli – abrupt onset of a circle

Responses – keypresses

In contrast, operational environments involve
continuous stimuli and responses.

e.g.) Monitoring of a radar screen, control of a vehicle
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Mixed Mappings and Tasks

We thus tested the SRC effect with mixed mappings
for stimulus and response sets that are characterized
as continuous or discrete.
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• Implications of experimental results:
– Continuous and discrete stimuli and responses showed

qualitatively similar results (e.g., mixing costs, reduction of
the SRC effect).

– Mixing of mappings affects responses with the compatible
mapping more strongly than with the incompatible
mapping.

• Further questions:
– Does practice with mixed mappings reduce mixing costs?
– Is there a transfer effect of prior practice with a compatible

or incompatible mapping?

Mixed Mappings and Tasks
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III. Performance of Multiple Tasks

• Performing multiple tasks concurrently is common in
busy work environments.

• Aspects of concurrent task performance are:
  Response-selection bottleneck
  Consistency of task requirements
  Prioritization of tasks
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Response-Selection Bottleneck

Response selection is typically slowed when we have
to perform concurrent tasks.

Especially, a secondary task is greatly affected in
such conditions (i.e., PRP = psychological refractory
period)
- Response-selection bottleneck

Can PRP be eliminated (can bottleneck be bypassed?)
What factors affect PRP?
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Consistency of Task Requirements

When two tasks require different responses to a
similar stimulus (i.e., inconsistent mapping),
performing those tasks concurrently is more difficult
than when they require the same responses
(consistent mapping).

How do people perform concurrent tasks with
consistent or inconsistent mappings?
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Task Prioritization

Multi-tasking requires prioritization of a task over
another to maintain the overall task outcome at an
acceptable level.

A way to manipulate prioritization of tasks is to vary
the payoffs for the respective tasks.

How do people adjust their priority for four
concurrent tasks as a function of current and prior
payoffs, and their task efficiency and skills?
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Task Prioritization
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Performance of Multiple Tasks

• Implications of experimental results:
– Bottleneck is not bypassed with practice or high S-R compatibility.
– PRP increases as the demands on response-selection process

increases.

– Consistency of task requirements enhances the overall performance.
– Emergent mapping choice: Response time is increased when people

must choose which S-R mapping to apply.

– The initial payoffs influence task prioritization for subsequent tasks
with a different payoff matrix.

– Participants tend to prioritize tasks with which they are more
proficient.
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IV. Extension of Research

I. More complex, militarily relevant tasks
– Examine the compatibility principle in applied

task settings.
 SRC effect in a flight environment
 Aircraft control & display format

II. Integration with the rest of the project
 Modeling response times and accuracy
 Correspondence effect in data-entry tasks
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Extension of Research: Application

• Training with flight task
 In the previous year, we examined the compatibility

principle in a flight task environment (pure and mixed
mappings).

The research was extended to a more complex task, and we
tested compatibility of display format to flight task
performance.

Also, we examined effects of these display formats on
training of aircraft control.
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Inside-out Outside-in

Extension of Research: Application
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  Aircraft control became
more stable over trials

 But performance returned
to a near initial level when
display format switched
(at the 7th trial).

 No significant difference
between the two display
format in rate of
improvement.
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Extension of Research: Application

• Application of stage analysis
Stage analysis allows to investigate whether a certain factor

affects a particular processing stage.

This method can be used to examine the cognitive locus of
an environmental factor.

To examine the locus of display format, a secondary
choice-reaction performance was tested in the flight task.
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Extension of Research: Application

• Application of stage analysis
Display format, stimulus modality, and S-R mapping were

manipulated.
If display format interacted with stimulus modality,

then its locus is at the perceptual stage.
If display format interacted with S-R mapping,

then its locus is at the response-selection stage.

Our results showed that display format interacted with both
stimulus modality and S-R mapping.

Thus, there are two loci of display format (perceptual and
response-selection processes).
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Integration of Research: Modeling

• Modeling response-selection processes:
Quantitative models consider response selection as a

process of information accumulation.
e.g., random walk, accumulator models

These models map effects of environmental factors to
respective parameters and simulate the latency and
accuracy of responding.

We have written an introductory chapter that describes
techniques of stage analysis and those quantitative models
for simulating human performance.
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Integration of Research: Data-Entry

• We conducted a preliminary experiment using
a data-entry task similar to those used by the
Healy/Bourne team.

• Our goal is to investigate whether (and how)
the compatibility principle can be applied to
non-perceptual-procedural tasks.
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• Task: Enter a sequence of 9 digits
– A sequence of 9 digits are displayed one at a time
– Participants remember the sequence and enter

afterwards

Integration of Research: Data-Entry

1. Corresponding position:

2. Noncorresponding position:

3. Random position:

1 2 53 4 6 7 8 9

4 6 32 9 8 1 5 7

? ? ?? ? ? ? ? ?

Digit presentation
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Serial Position Effect: Chunking Strategy
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Participants remember 9 digits by separating the sequence into three chunks.

   RT: The 1st item in each chunk is slow.

   PE: Error rates are clustered for every three items.
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Summary:
Corresponding group was faster and more accurate

than other groups.

We need to collect more data to examine the group
effect.

Integration of Research: Data-Entry
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 Participants developed chunking strategy.
 PEs for Block 1 showed a standard serial position effect, but they were

overridden by the chunking strategy from Block 2 to Block 9.

 That is, PEs within a chunk were in an order of:
Pos 1 < Pos 3 < Pos 2.

 For the 3rd chunk, the overall recency effect was overridden by
the chunking strategy.
 PE for Pos 3 was initially best
 Pos 1 became more accurate than Pos 3
 PEs in Chunk 3 eventually became in the order as in Chunks 1 and 2.

Integration of Research: Data-Entry
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Training Principles

 Compatibility principle
 Explicit and implicit S-R relationships in a task
 Robustness of SRC in complex tasks

 Flight tasks (primary & secondary)
 Response-selection process is not bypassed

 Mixing and switching costs for compatibility
effects

 Consistency of task rules for concurrent tasks
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Training Principles

 Specificity of training
 Effects of training are initially specific to the

task context
 Stimulus modality (visual/auditory)
 Stimulus modes (spatial/linguistic)
 Response modes

 Generalization of training can occur after an
extended training period

 It seems to depend on features of the task to be
performed
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Training Principles

 Procedural reinstatement
 Transfer of learned S-R association

 Specificity and generalization
 Influence of payoffs for prior tasks

 Functional task principle
 Emergent mapping choice (integration of

concurrent tasks may be more difficult when
their task requirements are inconsistent)


