Week #1 (Jan. 31 & Feb. 5), Receptive fields and neural codes

Rick Born (rborn@hms.harvard.edu) and Rachel Wilson (rachel_wilson@hms.harvard.edu)
Wednesday’s lecture will cover some basic concepts and controversies regarding how neurons represent information. We will begin by exploring the term “receptive field”, with a brief historical introduction and overview of methodology, followed by examples from different sensory modalities. We will also discuss the concept of neural selectivity, the information that can be gleaned from tuning curves and how this is affected by the variability (or "noise") in neural responses. Then we will explore three basic properties of neural codes: (1) the fraction of neurons participating in a representation (dense versus sparse coding), (2) the degree to which information is encoded in correlations between spikes in different neurons (independent versus correlation coding), and (3) the relative importance of spike rate versus spike timing (rate versus temporal coding).
On Monday we will discuss two papers: 
1. M.R. DeWeese, M. Wehr, A.M. Zador (2003) “Binary spiking in auditory cortex”, J. Neurosci. 23:7940-7949.

2. X. Wang, T. Lu, R.K. Snider, L. Liang (2005) “Sustained firing in auditory cortex evoked by preferred stimuli”, Nature 435:341-345.

Everybody should read both papers. In the first paper (DeWeese et al.), we will discuss only Figs. 1-7.

As you are reading, please think about the following questions:

· What exactly is meant by “binary spiking”? What is the “Fano Factor” and what is its significance? 

· How different are the experimental results of these two papers?
· Experimental differences are likely to be an important factor in understanding the different conclusions reached by these two studies. Two obvious experimental differences (rat vs monkey, anesthetized vs awake) may be important, but there is not much we can say about them, so for the purposes of our discussion we will set them aside. Please consider the potential importance of two other experimental factors: recording method (cell-attached vs extracellular), and stimulus selection method (a limited vs an extensive exploration of stimulus space).

· What do sustained firing rates mean from the point of view of a downstream neuron? What do precisely-timed binary responses mean from the point of view of a downstream neuron? How salient is each type of response likely to be? How could we investigate this question?
· Zador and colleagues have argued that “the significance of binary spiking rests not in its prevalence but rather in its very existence, since it challenges models of cortical function that assume that cortical variability is necessarily high.” Do you agree?

The written assignment​ (due Monday Feb. 5 before class)​ is to write a referee’s report, as if you were reviewing a manuscript for a journal. Each student will be assigned to write on one of the two papers; do not write a report for both. Please see the syllabus for detailed instructions on writing this type of assignment (see “Homework”, part A). In either case (whether you are assigned to comments on paper #1 or #2), imagine that the other paper has already been published; you may want to ask the authors to perform additional experiments or analyses in light of this existing literature.

In class Monday we will discuss both papers. Time permitting, we will end class with an informal “debate.” In the debate, be prepared to defend the virtues of the paper you were assigned to write a report on (even if you ended up taking a critical stance in your written report).
