Receptive Fields
Introduction: Given the enormity of the sensory space through which our nervous system must guide us, it comes as intuitive that our sensory systems should parcel out sensitivity to specific sensory regions over large populations of neurons.  Within these large populations, there are neurons that are selectively sensitive to one small region of the sensory space.  This small, particularly sensitive region is called this neuron’s receptive field.  In this laboratory tutorial, we will examine the concept of receptive field in two distinct concepts, looking at both pre- and post-synaptic neurons.

Part 1: Tuning Curves

1) Load the BioNB330 Software Program.

2) Click on “Tutorial 4: Receptive Fields” in the Main Menu.

3) Read the introduction, and proceed to the first model.

4) You see one panel of parameters, along with two graphs.  The top graph is voltage response of the postsynaptic neuron.  The bottom graph shows the tuning curves, or receptive fields, for each of the presynaptic neurons.  By adjusting the weights between each presynaptic neuron and the postsynaptic neuron, you can alter the output of the postsynaptic neuron.

Questions: 

1) Draw a diagram of the network

2) Set weight 1 to 0, weight 2 to 1, and weigh 3 to 0.  Run the simulation.  Now vary the weight of synapse 2 from 1.0 to 2.0 in 0.1 intervals, and describe in a graph what occurs in the postsynaptic neuron.

4) Which part of this setup is totally unrealistic?

5) Assume the three pre-synaptic tuning curves are three vectors, with curve 1 and curve 3 being in the same dimension with opposite signs, and curve 2 being in an orthogonal plane.  If the postsynaptic response is a single resultant vector, whose angle denotes the center of the receptive field, C, and magnitude represents the width of the receptive field, W, write a single equation as a function of w1, w2, and w3 which returns C and W.

Part 2: Presynaptic Receptive Fields

1) Click “Continue” to load the next model.

2) In this model, we add two additional spiking neurons to the picture.  Each of the three neurons responds when a stimulus moves through its receptive field, which is defined in the table of parameters. 

3) Draw a schematic of the network. 

4) Ideally, we would like all of the sensory space encoded with minimal overlap between the receptive fields.  Find a set of parameters which will provide this scheme.

Part 3:  Lateral Inhibition Model
1. Click “Continue” to load the next model.

2.  This model is nearly identical to the previously examined example.  The only differences are in the field parameters, which are overlapping by default, and the existence of inhibitory synapses between the three neurons.  These synapses are part of a system known as lateral inhibition, in which neighboring receptive fields can often turn each other off in order to increase contrast.  

Task 1) Run the simulation.  Change the synaptic strength from 0 to 1.  Rerun the simulation.  What has changed?

Task 2) In a system employing lateral inhibition, timing is very important.  Not only must synapses be sufficiently inhibitory, but they must also be operating at an appropriate speed.  Predict what you think will occur if the time constant of the synapse is greatly increased or decreased.  Now adjust the time constant by an order of magnitude in either direction, and observe the result.  Is this what you predicted?

Question: What is the advantage of using lateral inhibition rather than narrower receptive fields to start with? 










