“How well Can one Predict the Number of Colleges Applied to, Based on GPA and Gender”
by
D. Post, J. Bird, H. Patel and N. Waugh
COMMENTS:

You have made some real progress in relation to answering this interesting and challenging question. Specifically, you currently have

1. A 2-D Bernoulli model for X(1)= High/Low GPA and Y= Large/Small number of colleges applied to.

2. A 2-D Bernoulli model for X(2) = Male/Female gender and Y.

3. Simulation models for 1. and 2. that can guide you in deciding whether cthe involved random variables are independent or not.

4. Preliminary results related to the non-Bernoulli variables GPA and Number of colleges.

SUGGESTIONS

There is a lack of organization. You might consider the following organization:

I. Introduction to motivate the problem to be addressed.

II. Formal description of the problem setting:

The fundamental variables of concern: GPA(G), Gender(S), Number of Colleges(N). 

What do each of the PDFs of these 3 variables look like? A little early on kind of

Preliminary discussion would be nice. E.g. “Clearly, gender is a Bernoulli random 

Variable (we did not include multiple gender participants !!!). Since a Ber variable

Is completely defined by its p-value, using our data, we estimated it as ***.” Next,

How about GPA? Do a scaled histogram. (area=1). Why? Well, if it looks at all

Bell shaped, then you can claim that a Normal PDF seems appropriate. And since

Such a PDF is defined by its mean and std, you can use your data to estimate them. 

And finally, the number of colleges: Its sample space is 0,1,2,… and so it is neither

Ber. Nor normal. It IS a discrete r.v. though. Could it be approximated by a Binomial? A Binomial has 2 parameters: n and p. But here is where things get a little tricky. Why? Because a Binomial is the sum of n iid Ber(p) variables. So, if you

Let X(i) = 1 if the person applies to a college under consideration and =0 if not,

Then you need to have some idea of n= how many colleges the person CONSIDERED. You don’t have this. But from your data, you can construct a PDF

And from that, you might be able to find an n and a p such that the Binomial

Seems to fit. This section is nice because it gives a kind of lead in to the main problem. You gain some valuable insight. Also, it demonstrates your understanding of 1-D random variables- continuous and discrete ones. Finally, that information

Can help you to choose your cut off numbers later on for your Bernoulli analysis.

Show candidate cut off’s on your 1-D pdfs. You might find logical ones. Also, you

Can then note that the sum of the probabilities to the right of a candidate cut off

Equals the prob. The the corresponding Bernoulli -1, right? 

This is a 3-D random variable with a given sample space. The key question: Is it possible to predict N as a function of  G and S?

Sub-problem 1: How well can one predict N from only G?

Sub-Problem 2: How well can one predict N from only G?

Sub-Problem 3: How correlated are S and G?

Why study these sub-problems? To gain insight using 2-D plots- much easier than 3-D plots.

Depending on answers to the above questions, it might be appropriate to consider a prediction model for N that includes both G and S. For example:
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You can then use the method of Least Squares to find a,b,c. And evaluate how well your prediction is.

III. Using Bernoulli structure for prediction of High/Low Number of college

Why? It depends in part on you results of II. If they are not impressive, then you have more reason to try this Bernoulli approach. Most of you report concerns this and it’s NICE!. But you should make it very clear that your break points for Bernoulli-izing G and N are a bit ad hoc. But you have to start somewhere, right? You have all the 2-D analysis done, but you need to see how well your prediction actually works. And here, as opposed to the last section, your prediction is of a zero or a one with a given probability. Here’s how it would work:

Consider your P(I,j) numbers for X=Ber(GPA) and Y=Ber(Number of colleges). Then the question is the one you ask; namely, does knowledge of X influence my estimate of the probability that Y will be 0/1? If it does not (i.e. X and Y are independent), then you don’t have a viable prediction model- knowledge of X is not helpful. You have the same situation for W=Gender and Y. What can you conclude for each of these two cases? Is Y independent of X? Is Y independent of W? Is X independent of W? Again, these are 2-D analyses, since they are simpler to work with. If the answer to the above 3 questions are all YES, then you can argue that for the cutoff  numbers chosen, you conclude that knowledge of X and W has no effect on the probability that Y will be 0/1. If they are not all YES, tehn you may want to 

Proceed to the 3-D Bernoulli setting (X,W,Y). Since you have 85 measurements of this 3-D Bernoulli you can compute estimates of the p(ijk)’s right? Having these,

You can ask the question: Is the probability that Y=1 influenced by knowledge of X and W? for example:

Pr[Y=1 | X=1 and W=1] = Pr[Y=1 and X=1 and W=1] / Pr]X=1 and W=1]

You should be able to show that this is = p(111) / [ p(110) + p(111) ].

Does this probability equal Pr[Y=1] = ? (remember the event [Y=1} in 3-D space!!!)

If so, then the fact that the person has a high GPA and is a male does not change the

Probability that the person will apply to a large number of colleges, right?

We will talk more and more about the prediction problem in II. Above, and in III. As well. Over the next few weeks. I would suggest that you proceed now to 

work more on organizing things, so that it flows better, and definitely

consider the preliminary section on each of the variables separately. Again, very nice progress, and simulation code. 
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