Multitasking bottlenecks in brain and behavior
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The Model

The Question
Does the problem representation resource act as a
cognitive bottleneck in multitasking?

Threaded Cognition
Singular resources can only be
used by one task concurrently
and thus cause interference in
multitasking.

The Problem Representation Resource
• Used to store mental representations for
intermediate steps in a task.
• For example: when solving 2x - 5 = 8, the
problem representation stores 2x = 13.

ACT-R
The problem representation resource
(ACT-R’s imaginal buffer) is a singular
resource, it can only contain one
chunk of information.

Computational Cognitive Model
Most interestingly, in the hard subtraction / hard text entry condition:
• both tasks need to use the problem representation resource
• the problem representation has to be swapped out continuously
• old problem representations are retrieved
from declarative memory
• this takes time and thus results
Behavioral
Predictions
in interference
An interaction effect of subtraction
and text entry difficulty on reaction
times: increased reaction times in
the hard/hard condition.
Brain Predictions
ACT-R predicts brain activation:
the interaction effect caused by
the problem representation
bottleneck should be visible
in the posterior parietal
cortex.

Cognitive Bottlenecks in Multitasking
• Salvucci & Taatgen (PsychReview, 2008) gave evidence for
two cognitive bottlenecks in multitasking: declarative and
procedural memory.
• ACT-R (Anderson, 2007) suggests a third cognitive
bottleneck: the problem representation.

The Experiment
Two tasks had to be alternated after every response. Each task had
two versions: an easy version in which no problem representation was
required, and a hard version in which it was.
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Based on the 5 participants who showed
a positive bold response in this area.
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Perceptual influence on the Parietal
Both the fusiform / visual and the motor / manual fit
the data. The parietal cortex does not directly show the
predicted effect of the problem representation bottleneck.
Activation in the parietal cortex is not only due to
representational changes, but also to perceptual
events. For instance, if people only have to press
a button in reaction to a stimulus, Kao et al.
(unpublished) found these activation curves:
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The Behavior
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If the problem representation resource acts as
a cognitive bottleneck, an interaction effect of
subtraction difficulty and text entry difficulty is
expected: resulting in increased reaction times in
the hard/hard condition.
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To find uncontaminated problem representation
activation, we subtracted the perceptual
contribution from the activation in the parietal,
resulting in the predicted effect.
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Two significant interaction effects (p < .001)
indicate a problem representation bottleneck.

The Answer
The problem representation resource acts as a cognitive
bottleneck in multitasking, as shown by the behavioral data,
the cognitive computational model, and the fMRI data.
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