
Question: Does category 
learning use a single 
system or multiple 
systems?

Hypothesized Cognitive 
systems for 
Categorizing

1. Explicit system
• Rule-based
• Tied to language
• Conscious
• Learns one-

dimensional categories
2. Implicit system

• Habit formation
• Not conscious
• Learns 

multidimensional 
categories

Human Experiment 
Rationale

1.If two systems exist, we 
can selectively interfere 
with one.

2.Stroop tasks and explicit 
category learning system 
share resources (e.g., 
working memory).
Stroop tasks should 

interfere with the explicit, 
but not implicit learning 
system
Predict interaction
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Rule Type x Cognitive Load interaction: 
Evidence for multiple category learning 
systems?

Cascade Correlation neural network 
simulation
• Single learning system
• Captures all significant effects in the 

human experiment
1.Main effect of Cognitive Load 
2.Main effect of Rule Type (1D and 3D)
3.Rule Type x Cognitive Load interaction
4.Significant improvement of the explicit 

concurrent task condition over the 
experiment 

Alternative explanation for the interaction: 
Combined task complexity in a single learning 
system: when concurrent tasks are performed, 
the harder task determines processing and 
learning time.

Conclusion

The experiment of Waldron and Ashby (2001) 
does not provide sufficient evidence for the need 
of multiple category learning systems because a 
simulation with a single learning system covers 
the human data.
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Category Learning Late in Session

0

5

10

15

20

Explicit (1D) Implicit (3D)

Rule Type

Ep
oc

hs
 to

 C
ri

te
rio

n

Control Concurrent

Category A membership: If at least 2 out of the 3 following features 
are present: Blue background, Square symbol and Red symbol color

Network Initialization

Random

Large 
positive 
weight

Human Experiment (Waldron & Ashby, 2001) Cascade Correlation Simulation
Categorization Task Concurrent (Stroop) Task

1 2

Which digit is 
larger physically 
or numerically?

3 4

Categorization Task Concurrent (Stroop) Task

F1 = background   
color

F2 = symbol color
F3 = symbol shape
F4 = symbol count

Output: 
‘0’ = Category A
‘1’ = Category B

D1 = 
first digit

D2 = 
second 
digit 

N = 
numerically 
larger  

P = 
physically 
larger

Instr. = Instruction 
0 = numerically larger
1 = physically larger   

Example 
of 3D 
rule 
where
F4 is 
irrelevant

Significant improvement
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Stroop weight D2-N initialization 
and change over training
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Early - before
training

Early - after training
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Size of connection weight 

Weight to Physical output

Weight to numerical
output
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Category Learning Late in Session
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Significant improvement

Two variables manipulated:
1.Categorization rule type

• Explicit (1D) (single feature) or 
• Implicit (3D) (integration of 3 features)

2. Cognitive (processing) load
• Control (Categorization only) or 
• Concurrent (Categorization and Stroop task)

Hypothesis: Interaction effect multiple systems

Category A membership: If symbol count = 11D Rule

Output:
‘0’ if digit 1 is larger
‘1’ if digit 2 is larger


