REDUCING DIMENSIONALITY OF MOTOR CORTEX ACTIVITY DURING A REACHING TASK
In this problem, we will use PCA to visualize the activity of a large population of neurons recorded in macaque motor cortex during a center-out reaching task.  The data were collected in Nicho Hatsopolous’s lab at University of Chicago, and are contained in the file ReachData.mat. 
· Load the data into MATLAB.  The matrix R contains the firing rate of each of 143 neurons for a total of 158 trails. The vector direction specifies the reach direction for each of the 158 trials.  Direction 1 corresponds to a rightward reach (0 degrees), direction 2 to 45 degrees, direction 3 to 90 degrees (straight up), etc, with direction 8 corresponding to 315 degrees.  Think about the orientation of the matrix R before you proceed.  If needed, transpose R to flip the rows and columns. 

1. Center the data from each neuron by subtracting off the average firing rate of that neuron, using repmat.  Why do we do this before performing PCA?  Hint: think about, in 2D, what goes wrong if you perform PCA on a cloud of data that is not centered at 0. 
2. Compute the covariance matrix that we will use to determine the principal neuronal components.  What size is this matrix?  What does the ij-th entry of this matrix represent?
3. Use the MATLAB eig command to compute the eigenvectors and eigenvalues of the covariance matrix.  What do the eigenvectors represent?  
4. In two subplots, plot the eigenvalues in descending order, and the percentage of variance explained (cumsum may be helpful).  How much variance is explained by the first two principal components?
We will now visualize the neuronal data in two dimensions to observe how the population of neurons in motor cortex fires differently when the monkey reaches in different directions. 
· Write MATLAB code to plot two dimensions of the data. Each point on your plot should represent a trial, with a different color for each reach direction.  This will help you visualize how well the neuronal activity clusters according to reach direction.  Later, you will use this code to plot the first two principal components of your data. To debug, check that your plot of responses from neurons 7 and 8 matches the figure below (note a lack of clear clustering).  The MATLAB commands jet and legend may be helpful.   Note that you can set the color in a plot as follows:  plot(x,y,’.’, ‘Color’, [1 0 0]), where [1 0 0] refers to the RGB channels. Also you can see a list of possible properties to set by (for example):  set(plot(x,y,’.’)
[image: ]
· Rotate the mean-subtracted data into the eigenvector basis.  (Hint: this is just matrix multiplication). The first two elements of each vector in this rotated basis correspond to the projection of the data onto the first two eigenvectors.  This is called the first two principal components.  

5. [bookmark: _GoBack]Plot the first two principal components of your data.  Each point should correspond to a different trial, and should be colored according to the reach direction for that trial.  What do you notice? 
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