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• 1:30 - 3:00: Session I 
 

• Introduction: A PDP model of 
semantic cognition and its use in  
understanding the development 
of object knowledge in children  
 
James L. McClelland, Stanford 
University  
 

• The functioning of a degraded 
semantic network: observations 
from neurological patients and a 
PDP model  
 
Karalyn Patterson, University of 
Cambridge, UK  
 

• 3:00 - 3:15: Coffee Break  
 

• 3:15 - 4:45: Session II  
 

• Cross-domain knowledge sharing 
in PDP models: How learned, 
distributed  representations 
support metaphor and analogy  
 
Paul Thibodeau, Stanford 
University  
 

• Semantic knowledge and the 
ability to use it: Separable 
mechanisms revealed through 
patient deficits, functional 
imaging, and transient brain 
stimulation  
 
Matthew Lambon Ralph, 
University of Manchester, UK 
 

• 4:45 - 5:15: General Discussion  
 



A PDP Model of Semantic Cognition 
 and its use in Understanding the Development 

of Object Knowledge in Children 

Jay McClelland 

 
Department of Psychology and 

Center for Mind, Brain, and Computation 
Stanford University 



• Representation is a pattern of 
activation distributed over 
neurons within and across 
brain areas. 

 

• Bidirectional propagation of 
activation underlies the ability 
to bring these representations 
to mind from given inputs. 

 

• The knowledge underlying 
propagation of activation is in 
the connections. 

 

• Experience affects our 
knowledge representations 
through a gradual connection 
adjustment process 

 

language 

The Parallel Distributed Processing  
Approach to Semantic Cognition 



Distributed Representations: 
and Overlapping Patterns for Related 

Concepts 

dog goat hammer 

dog  goat    hammer 



Characteristics of PDP Models 

• Grounded in principles of neuroscience 

– Processing as propagation of activation 

– Representation as patterns of activation 

– Knowledge in the connection weights 

– Learning as connection adjustment 

 

• Simplified to focus on essential properties 

 

• Aimed at addressing cognition itself as well as 

– Its neural basis 

– Its emergence through development 

– Effects of brain damage on cognition 

 

 



Emergence of Meaning in Learned 
Distributed Representations 

 

• Distributed representations that capture aspects of 
meaning emerge through a gradual learning process 

 

• The progression of learning and the representations 
formed capture many aspects of cognitive 
development 

– Differentiation of concepts 

– Generalization, illusory correlations and 
overgeneralization 

– Domain-specific variation in importance of feature 
dimensions 

– Reorganization of conceptual knowledge 

 

 





The Rumelhart Model 



The Training Data: 

All propositions true of  
items at the bottom level 
of the tree, e.g.: 
 
Robin can {grow, move, fly} 



 

Target output for ‘robin can’ input 
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Forward Propagation of Activation 



dk ~ (tk-ak) 

wij  

di ~ Sdkwki  
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aj 

Back Propagation of Error (d) 

Error-correcting learning: 
  
 At the output layer: Dwki = edkai 
 At the prior layer:  Dwij = edjaj 

 … 

ai 
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Why Does the Model 
Show Progressive 
Differentiation? 

• Learning is sensitive to 
patterns of coherent 
covariation 
 

• Coherent Covariation: 
 
– The tendency for 

properties of objects 
to co-vary in clusters 
 

• Figure shows attribute loadings on 
the principal dimensions of 
covariation. These capture: 
 

– 1. Plants vs. animals 
– 2. Birds vs. fish 
– 3. Trees vs. flowers 

 
• Same color = features that covary 

 
• Diff color    = anti-covarying 

            features 

 



Trajectories of Concept Representations During Differentiation 



Generalization, Illusory 
Correlations 

and Over-Generalization 



A typical property that 
a particular object lacks 
e.g., pine has leaves 

An infrequent, 
atypical property 



Overgeneralization of Frequent 
Names to Similar Objects 

“dog” 

“goat” “tree” 
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Inference in the PDP Model 

• A semantic representation for a new item can 
be derived by error propagation from given 
information, using knowledge already stored 
in the weights. 

 

• This representation can then be used to infer 
other properties of an object. 











Start with a neutral representation on the 
representation units. Use backprop to 
adjust the representation to minimize the 
error. 



The result is a representation similar to 
that of the average bird… 



Use the representation to  
infer what this new thing can do. 



Differential Importance  
(Marcario, 1991) 



Adjustments to 
Training 

Environment 

• Among the plants: 
– All trees are large 
– All flowers are small 
– Either can be bright or 

dull 
• Among the animals: 

– All birds are bright 
– All fish are dull 
– Either can be small or 

large 
• In other words: 

– Size covaries with 
properties that 
differentiate different 
types of plants 

– Brightness covaries 
with properties that 
differentiate different 
types of animals 



Similarities of Obtained 
Representations 

Size is relevant  
for Plants 

Brightness is relevant  
for Animals 



Conceptual Reorganization (Carey, 1985) 

• Carey showed evidence that concepts 
reorganize during development 

• Young children’s concepts of living things 
organized around animacy: 

– Plants and animals strongly differentiated 

• Older children integrate plants and animals 
into a concept of living things through a 
coalescence of disparate forms of knowledge 

– Need for food and water to sustain life 

– What it means to be dead vs. alive 

– Reproductive properties 

• Can reorganization occur in a connectionist 
net? 



Conceptual Reorganization in the 
Model 

• Suppose superficial appearance information, which is 
not coherent with much else, is always available… 

 

• But there is a pattern of coherent covariation across 
information that is contingently available in different 
contexts. 

 

• The model forms initial representations based on 
superficial appearances. 

 

• Later, it discovers the shared structure that cuts across 
the different contexts, reorganizing its representations. 





Organization of Conceptual Knowledge 
Early and Late in Development 



RECAP: Emergence of Meaning in 
Learned Distributed Representations 

 

• Distributed representations that capture aspects of 
meaning emerge through a gradual learning process 

 

• The progression of learning and the representations 
formed capture aspects of cognitive development 

– Differentiation of concepts 

– Generalization, illusory correlations and 
overgeneralization 

– Domain-specific variation in importance of feature 
dimensions 

– Reorganization of conceptual knowledge 
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Proposed Architecture for the 
Organization of Semantic Memory 
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