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 Introduction  

  Usha     Goswami       

  Since the fi rst edition of this Handbook, the fi eld of developmental cognitive neuro-
science has begun in earnest. In my view, this will have a lasting impact on our under-
standing of childhood cognitive development. Neuroscience has the potential to have a 
transformative effect on our theories and our explanatory frameworks. This is because 
understanding the neural codes that the brain uses to organize and transmit information 
will provide insights into developmental causal mechanisms. These insights may trans-
form our views about cognitive development. 

 For example, the formats that are provided by neural coding mechanisms will inevi-
tably affect how the brain develops a cognitive system from sensory inputs. One powerful 
metaphor is the idea of neural ensembles, groups of active cells that represent a particular 
percept or concept via the spatial or temporal patterning of their fi ring. Different cells in 
the same ensemble (neural network) that represent a percept or concept will be linked to 
each other, so that when there is noise in the input, or partial information, the ensemble 
can still activate  –  the cells that do fi re will perform a pattern - completion process and 
trigger the other cells that represent the percept or concept. This pattern - completion 
process is in principle equivalent to what is traditionally termed generalization, as it 
enables abstraction and categorization  –  argued by Quinn (chapter  5 , this volume) to be 
the primitive in all behavior and mental functioning. 

 Indeed, neuroimaging reveals that even the brains of young infants show sustained 
activity based on abstracted dependencies in the absence of sensory input, for example, 
when a hidden object disappears unexpectedly (Kaufman, Mareschal,  &  Johnson,  2003 ). 
The sensory processing of spatio - temporal structure can in principle yield the abstracted 
dependencies traditionally discussed as  “ prototypes ”  of concepts, as  “ causal knowledge ”  
about physical systems, and as  “ na ï ve psychology ”  (e.g., Rosch,  1978 ; Shultz,  1982 ; 
Wellman  &  Gelman,  1998 ; see Goswami,  2008 , for a fuller discussion). Sensory learning 
is rapid, and so the brain is frequently responding not to a particular sensory event 
itself, but to the abstract dependencies that are typical of that class of events, or to the 
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dependencies that occur between patterns of sensory events, that may in essence comprise 
concepts or causal systems. In principle, these neural learning mechanisms are analogous 
to the  “ generalization across instances ”  that traditionally has been assumed to underpin 
conceptual development. 

 How can such neural mechanisms give rise to causal knowledge? For example, while 
the specifi c perceptual features of two objects in a launching event may vary, the spatio -
 temporal dynamics (and therefore the causal structure, e.g., the fact that A causes B to 
move) will vary less. The ensemble of cells that responds to the spatio - temporal motion 
of one particular launching event will therefore also trigger some of the other cells that 
were responsive in previous, but perceptually slightly different, launching events. As more 
such launching events are experienced, the neural network will in effect abstract and 
represent the  “ knowledge ”  that A causes B to move. The perceptual illusion of causality 
during launching and other visual events noted by Michotte  (1963)  is one example of 
how sensory perceptual dynamics enable the development of conceptual representations 
(see also Scholl  &  Tremoulet,  2000 ). 

 The highly distributed nature of neural representations means that cognitive behavior 
will refl ect properties of these distributed representations (Sz ú́ cs  &  Goswami,  2007 ). An 
example is infants ’  behavior when apparently reasoning about physical events (Baillargeon, 
Li, Gertner,  &  Wu, chapter  1 , this volume). For example, rather than postulating com-
pletely distinct neural networks for, say, occlusion events versus containment events, it 
could be that a weaker neural network representation of a hidden object suffi ces for occlu-
sion events than for containment events. As discussed by Munakata  (2001) , a neural rep-
resentation can be graded in terms of (for example) the number of relevant neurons fi ring, 
their fi ring rates, the coherence of the fi ring patterns, and how  “ clean ”  they are for signaling 
the appropriate information. Graded representations offer an alternative explanation of 
behavioral dissociations, for example in infant looking behavior (Johnson  &  Munakata, 
 2005 ). As we understand more about how the brain builds cognitive representations from 
sensory input, our theories about cognitive development will inevitably change. 

 One relevant theoretical perspective, addressed in this volume, is neuroconstructivism 
(see Westermann, Thomas,  &  Karmiloff - Smith, chapter  28 ). As they demonstrate, a neu-
roscience perspective makes basic sensory processes more important in cognitive develop-
ment than is traditionally acknowledged. Although provocative, it can be argued that 
young children ’ s apparent tendency to seek hidden features to help them to understand 
what makes objects and events similar may not be a cognitive  “ bias ”  or a na ï ve  “ theory, ”  
but may rather refl ect the operation of basic mammalian learning algorithms. The causal 
explanatory frameworks that are central to cognitive development may originate from 
statistical perceptual learning by the brain of spatio - temporal structure, enriched develop-
mentally with information gained through sociocultural learning, imitation, analogy, and 
action. Using relatively simple learning mechanisms, the infant brain develops complex 
conceptual representations about how the world is (see Goswami,  2008 ). These conceptual 
representations originate in the sensory coding of the dynamic spatial and temporal behav-
ior of objects, and are enriched as the infant distinguishes agents and their goal - directed 
actions, learns by imitation, and learns by analogy. Perceptual - cognitive representations 
are further enriched once the infant becomes capable of autonomous action. However, 
mental representations are transformed by the acquisition of language. 
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 Currently, there are rather few sensory and neuroscience studies available to include 
in this new edition of the Handbook, but all the contributors comment on such studies 
when they are available. Therefore, this second edition is still focused on how different 
aspects of cognitive development unfold during the period of peak sensitivity for learn-
ing, infancy and childhood. The plasticity of the child ’ s brain is often remarked upon, 
but equally remarkable is the similarity in cognitive development across cultures and 
social contexts. In the fi rst section of the Handbook, on infancy, the authors focus on 
the basic kinds of knowledge that are central in human cognitive development. These 
are knowledge about the physical world of objects and events (Baillargeon, Li, Gertner, 
 &  Wu, chapter  1 ), knowledge about social cognition, self, and agency (Meltzoff, chapter 
 2 ; Gergely, chapter  3 ; Carpenter, chapter  4 ), and knowledge about the kinds of things 
in the world  –  conceptual knowledge (Quinn, chapter  5 ; Waxman  &  Leddon, chapter 
 7 ). These  “ foundational ”  domains (na ï ve physics, psychology, and biology) also depend 
on the development of memory (Bauer, Larkina,  &  Deocampo, chapter  6 ). Each chapter 
illustrates ways in which the foundational domains of cognition are functioning from 
the earliest months. Infants are characterized as active learners, equipped with certain 
innate expectations which, although quite primitive, enable them to benefi t hugely 
from experience. Experience of the physical and social worlds allows infants to enrich 
and revise their initial expectations, so that they appear to be replaced with new 
understandings. 
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