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An Investigation in the Realm of Mathematical Psychology

Section 1: Introduction


The study of mathematical psychology comprises a broad spectrum of interdisciplinary topics (of which I will only cover one or two), ranging from probability in poker to experimentation in the limits of human judgment. In a card game as complex as poker, one can expect the players to experience angst as they decide which cards to keep and which ones to discard, and also one can use a mathematical model to determine how they will react given a certain set of five and attempt to produce the best possible hand. A second source discusses channel capacity, the maximum amount of information a person can absorb and recall without error (Miller 136). The purpose of this paper is to use probability and graph orientation to link mathematical psychology to discrete mathematics. Because of the limited scope of time, this paper will focus on how to calculate the probability of a Full House and how to find the maximum channel capacity for a person in terms of musical memory.
Before proceeding to the body (Sections 2 and 3), here are five key words to take note of and their corresponding definitions (Note that these are NOT topics, just key terms for comprehension):

Probability: The likelihood that a specific event, call it A, will occur. The total probability of event A is the number of favorable outcomes divided by the total number of possible outcomes in the outcome set O. 

Combination: From the discrete mathematics textbook for this course, a combination is defined as counting n objects and grouping them r at a time. The mathematical notation for a combination can be written as n C r, which equals n! / [r!*(n-r)!], where n! is read as n-factorial, the product of n, n-1, n-2, …., n-k, where n-k = 1 and each term of n! (n is the first term) is one integer value smaller than the last.
Feasibility: The question of whether or not it makes sense to carry out a calculation. If a procedure takes too long to perform or is exceedingly difficult, then it is not feasible to do and we then seek a more efficient method. 

Binary Numbers: A binary number can be represented by any sequence of bits (binary digits), which in turn may be represented by any mechanism capable of being in two mutually exclusive states. The numerical value represented in each case is dependent upon the value assigned to each symbol. In keeping with customary representation of numerals using Arabic numerals, binary numbers are commonly written using the symbols 0 and 1. (http://en.wikipedia.org/wiki/Binary_numeral_system)

Channel Capacity: The maximum ability of a person to correctly identify information previously presented to him without error (e.g. a measure of an individual’s maximum absorption rate). The observer notes his mental and physical response to a stimulus and judges how much he can accurately recall given the amount of facts relayed to him. (Miller 135-136)
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Section 3: Problem B and a corresponding model and graph Problem B: According to a review of the limits of human capacity, an individual can only absorb a certain percentage of what he or she perceives. Small quantities of information yield greater, more accurate responses than larger ones. Minimizing details reduces the chances of error and allows test subjects to focus on specific tasks rather than a complexity of issues. The author discusses the concept of “absolute judgment” in a one-dimensional space, referring to the observer as a “communication channel” which relays information based on the stimuli presented to him (Miller 136). At this point, a layperson might ask: Well, how would I go about finding this “maximum human capacity” that the author alludes to? The answer is simple. Maintain a record of the mental and physical responses of the test subject and keep a log of how often he correctly identifies information without error. Over time, we would eventually see how data interpretation changes and use the resulting average to calculate a value for maximum channel capacity. This numerical data for calculating channel capacity comes from comes the idea that for every two bits of information presented to the test subject, the difficulty of accurately recognizing an item increases exponentially. My other goal is to provide a model for the maximum channel capacity for learning musical notes, and by doing so, show a reader or listener another application of graph orientation and feasibility. Now let’s take a look and analyze the case of musical memory.

Model for Problem B (Binary Numbers and a Limit on Human Capacity): 

1) Record the average number of musical notes a person can recollect given a set time period. 

2) Set up a rectangular array of 0’s and 1’s (e.g. a matrix), and allow each digit to represent one bit of computer data, where bits are relayed as increments of 2^n.

3) Find the maximum value for the absorption rate, which corresponds to the upper bound that makes finding all orientations for a set time period feasible.

4) For every 2 bits of information presented, the difficulty of accurately recognizing an item increases exponentially.

5) Based on the author’s conclusion, while an exceptional genius may recall 50+ tones at a time, a normal person only remembers and identifies six songs, on average. Therefore, the maximum channel capacity for an average person is around 6 songs in a set time period.

Here are two graphs (Miller 137-140) which illustrate limits on human capacity: 
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Graph orientation and feasibility, covered in lecture a few weeks before the second in-class exam, symbolize yet another major component of discrete mathematics. To model the problem of maximizing musical memory, it helps to create a spreadsheet of data and a program that outputs  identity matrices, with each zero and one representing one bit. In the case above, I presented two graphs depicting pitches and auditory loudness (from Miller) as portals for showing the orientation of the data and the upper bound on the maximum channel capacity. Both graphs indicate that the average ratio of input information to transmitted information is between two and three bits, which means that the average person can handle about 2.5 bits of information at once. From what Miller concluded, the maximum channel capacity in terms of musical tones is 6 songs. 

This model does not use a whole lot of formulas, but rather the author theoretically determines the maximum absorption rate for music from experimental results of others and knowledge of binary numbers. From both graphs, six songs is an upper bound, and because this is a small number of songs, it is feasible to conclude that the maximum channel capacity for recalling musical tones without error is about 6. However, if a layperson wanted to solve the problem of finding maximum values for this particular case on his own, he could do so by utilizing calculus, matrix theory, and graph theory. Calculus could be used for finding maximum absorption rate by setting the derivative of a function of memory to zero and solving for the variable X, where X is the total number of musical tones correctly identified. Then use the elements of computer science and graph orientation to derive a function and a matrix for a realistic estimate of the maximum rate. The maximum value obtained by finding the first derivative and setting it to zero yields the average channel capacity for a human being. By the tool of mathematics, it is possible to calculate, on average, how much an individual can reasonably take in without making errors when responding. Knowledge of binary encoding and decoding could prove helpful as well, for determining bits if a graph is not available. A layperson lacking in mathematical expertise may experience difficulty understanding the problem and model, because without the aforementioned knowledge of calculus, computer science, or number theory, the abstract concepts presented above would not make much sense. However, an individual with a firm mathematical background would see that by reading the model, thinking about the problem and interpreting the graph, solving for the maximum channel capacity is plausible. 
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Before concluding, here are several more graphs representing channel capacity: 

(Note that these graphs are just clearer than the ones from the original source and I believe that they illustrate channel capacity in a more easy-to-understand way)
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(http://webscripts.softpedia.com/screenshots/MIMO-Rayleigh-fading-Channel--Capacity-17585.png)
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Section 4: Conclusion

From researching probability in poker, I have learned that one can use mathematical psychology as a tool for applying discrete mathematics. Poker is a mentally challenging game, not just from a psychological standpoint, but also in terms of mathematics. I learned that it is possible to create a discrete mathematical model by calculating the probability of a Full House and explaining the procedure step-by-step.  Also, from readings in experimental psychology, I found out how to apply graph theory to a real-world problem. It was quite interesting to discover that a maximum rate for learning music can be obtained from analyzing graphs, and that by building a model using knowledge of adjacency matrices and computer science, one can find the upper bound of such a rate and determine whether or not it is feasible to increase bits of information a test subject must retain. Overall, I have learned from conducting mathematical research in psychology that discrete topics such as probability and graph orientation can be used in the formulation of math models, and hopefully one day I will learn more about how to apply discrete mathematics to the real-world. Also, by reading this paper, the layperson should have learned something about discrete math through the two short models and problem-solving associated with each.
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