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We present a novel approach to understanding sponta-
neous activity in the LGN and V1 prior to natural visual
experience. Patterned, spontaneous neural activity has
been measured in these areas but is poorly understood
in comparison to work on retinal waves [1]. Our predic-
tions about LGN/V1 spontaneous activity not only have
implications for future experiments, but provide an
additional computational-level interpretation. In the
same way that V1 can be understood through neural
network receptive field models (Marr’s algorithmic level)
as well as an efficient coding of natural images (Marr’s
computational level), we propose that early visual spon-
taneous activity can be understood not only through
neural network models of receptive field and map for-
mation, as in many previous approaches [2,3], but also
by how this activity relates to the high-level coding
objectives of V1.

The key insight in this work is that the form of spon-
taneous activity in the early visual system can be con-
strained by these normative principles to resemble
measured spontaneous activity patterns. The neural
code in fully-developed adult primary visual cortex (V1)
is presumed to be an efficient code; by encoding images
of our natural visual environment, techniques such as
sparse coding [4] and independent components analysis
[5] have produced linear filters which resemble experi-
mentally measured receptive fields in V1. Our simula-
tions show how patterns which qualitatively resemble
such activity are capable of producing these V1-like
visual codes by using the same learning algorithms. The
spontaneous activity model is similar to a previous
abstracted version of retinal wave generation [6] with
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the addition of multiple eye-layers and correlated inter-
action between the layers as has been measured experi-
mentally [7]. All model parameters have a direct
physiological interpretation and also relate to theoretical
models used in the physics of critical phenomena (e.g.
percolation networks). This normative approach demon-
strates that binocular disparity-selective cells can be
refined by spontaneous activity in a way that promotes
early stereopsis. This unique, normative approach to
visual development provides a way of applying the tools
of efficient coding used in the adult visual system to
better understand how the how V1 refines prior to
visual experience.
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