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Abstract

Beneath the popular conception of psychology is a foundation that is composed of mathematics. Unfortunately,
few readily see the connection between the two disciplines. In fact, most students of psychology are astounded
to discover that they must learn mathematics in order to understand psychology. Mathematics is used to express
various psychological theories so that the information can be systematically organized and tested. Mathematics
permeates several sub-disciplines within psychology, such as learning, intelligence, decision-making, and
neuronal development. It is within this context that the future of psychology lays. This paper will explore the
utility of mathematics to psychology, several applications of mathematics within psychology, and how
mathematics and psychology, along with computer science, will become even more interdependent in the future.

Introduction

“This is a psychology class, not a math class!” my students cry as I put the Rescorla-Wagner model of
associative learning (AV, = aff (A —V,.,)) on the chalkboard. Soon they learn that to separate mathematics
from psychology is to create a false dichotomy. All behaviors are guided by general rules and although we
are still trying to discover what many of those rules are, we are finding that mathematics is an important tool
to aid in the process of stating the rules of behavior. My goal in this paper is to demonstrate the necessary
union between these two seemingly disparate disciplines: mathematics and psychology. I will demonstrate
the utility of mathematics to psychology, explore how psychologists have used mathematics, and explain
why it is important to maintain the relationship between mathematics and psychology.

What can mathematics contribute to psychology?

“The impact of mathematical models on the psychology of learning reaches beyond

mathematical description, it formalizes variables and their functional relationships” [7].

Psychology is the science of behavior and mental processes. As with all sciences, theories are
developed to organize research findings and to aid in making predictions about behavior and mental
processes. This organization of research findings and the ability to make accurate predictions about behavior
is a daunting process given the complexity of the human organism. However, many psychologists have
discovered that by using mathematics to state the relationships in their theories, they can achieve a higher
lever of clarity and precision in their theories [3]. The clarity and precision come from a need to explicitly
state and define each variable before it can become part of the model.

Mathematical models also provide versatility and generalizability of theories [3, 9]. As we obtain
more information about what contributes to various psychological phenomena, mathematical models afford
us the opportunity to easily incorporate the new information into the already stated relationships rather than
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having to rewrite the theory. And, to the extent that similar relationships exist for different phenomena, the
abstract character of mathematics allows us to explain the different phenomena with one theory. One
poignant example of this generalizability occurred with the Rescorla-Wagner model that was stated at the
beginning of the paper. The Rescorla-Wagnermodel was developedto predictan organism’s behavior during
trials of associative learning (a.k.a. classical or Pavlovian conditioning). This model accurately depicts the
negatively accelerated learning curve that typifies the organism’s behavior during a series of associative
learning trials. A similar relationship was found for the changes that occur in a neuron as an organism is
learning — the formation of new connections between neurons, to a certain extent, also occurs in a negatively
accelerated manner during the learning trials. Consequently, a mathematical model that was originally
conceived as a model to account for changes in behavior has been applied to the formation of neural
networks.

In addition to the clarity, precision, versatility, and generalizability of mathematical models, these
models of behavior can elegantly depict complex relationships and they serve as a catalyst for innovative
research. T. W. Wickens asserts that it is difficult to rigorously test a theory that is stated in words only
because it is nearly impossible to organize the information and visualize the relationships. Mesterton-
Gibbons indicates that “Mathematics enables you to deduce... conclusions which (a) might otherwise not
be so readily apparent and (b) can be compared with observations of the real phenomenon”[9]. That is, when
there are many variables that contribute to a particular phenomenon, such as self-esteem, a mathematical
model will aid in organizing those variables so that psychologists can then make predictions about the
phenomenon and test whether or not their predictions are correct.

How have psychologists used mathematics?

The formal study of psychology is still relatively young (psychology’sbirth date is commonly given as 1879,
the establishment of Wilhelm Wundt’s laboratory) though even while psychology was still in its infancy,
psychologists understood the importance of mathematics to psychology. Clark L. Hull was one of the more
popular early psychologists to develop a mathematical model of behavior. Hull was interested in what
contributesto the motivation of an organism to perform given behaviors; from this, he developed his Drive
Theory (Ex = {Hr x D x K - I3) which quantifies the variables that are responsible for influencing the
strength of a response to a given stimulus. Several other behavioral theorists have followed in Hull’s
footsteps; for example, R. J. Herrnstein developed the Matching Law (R, / (R, + Rg) =1,/ (r, + ). The
matching law expresses the relationship between how an organism will allocate its time given the
contingencies established for various activities. William K. Estes developed the stimulus sampling theory
(Pori = (1= 0) p, + 0). Stimulus sampling theory is a stochastic model of behavior which indicates that over
the course of learning trials an organism begins to substitute adaptive responses for non-adaptive responses
and thus learns to perform the responses that will result in the greatest amount of reinforcement.

The integration of mathematics with psychology is not limited to behavioral psychologists,
psychometric testing is solidly grounded in mathematics and was part of the early efforts to implement the
use of mathematics in psychology. Theories of intelligence and the ways in which intelligence is measured
are heavily laden with mathematical models [13] beginning with the Alfred Binet’s work on measuring
intelligence and creating the concept of a “mental age”. This concept was co-opted by William Stern into
what we currently know as one’s intelligence quotient or IQ (IQ = (mental age/ chronological age) X 100).
But perhaps more important to our understanding of the complexity of intelligence was the work of Charles
Spearman who implemented the use of factor analysis to arrive at a theory of general intelligence or “g”. All
popular theories of intelligence stem from Spearman’s use of mathematics to arrive at an intangible
psychological construct.

Decision-making and choice-behaviors is another area of psychology in which mathematics
proliferates. Anytime an organism has to choose between two or more outcomes, mathematics are an easy
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way to organize the possible choices. For example, approach-avoidance conflicts have been modeled by P.
Koene and J. M. H. Vossen. And, L. H. Berger has developed a mathematical model of choice behavior that
places reinforcement contingencies on a continuum and allows the organism to determine which is more
important, minimizing effort per reinforcementor minimizing time per reinforcement. J. Lazarus discusses
the mathematics of choice behaviors involved in long-term mating prospects. There has been a plethora of
mathematical models that account for the behaviors of foragers while they are searching for food [2, 4, 5,
11]. Optimality is the general concept upon which many decision-making and choice-behavior models are
built [9]. One assumption of these models is that those organisms whose behavior approaches optimality
(keeping costs low and benefits high) will be the organisms who survive and pass on the characteristics of
optimality to their offspring. The ability to quantify what an optimal choice in a given situation should be
makes mathematics the perfect mate for theories of decision-making.

New mathematical models and new uses of mathematics continue to appear in the psychological
literature. For example, Tirsch, Keidel, and Sommer claim that, “numerous mathematical models have been
developed in the last years for the interpretation of the self-organizedrhythmical behavior of biological and
social systems” [12]. Tirsch et al. were modeling the nonlinear environment of the human central nervous
system, the complexity of which is almost impossible to organize without the use of mathematical models.
Mathematics has also been used to model the complex system of human development [10]. As we become
experts at uncovering the functioning and development of the human nervous system and its relationship to
genetics and environmental experiences, we also become profoundly dependent on mathematlcs to organize
this explosion of information; this is where psychology is heading.

What does the future hold for mathematics and psychology?

Not only is it impossible to separate mathematics from psychology, it would be counterproductive to do so.
A new era of computational psychology is on the horizon, and in this era, psychologists will make use of the
tools that mathematics and its related field, computer science, has to offer. The complex models of behavior,
intelligence, decision-making,and central nervous system functioning that are being developed require the
systematic method of organization that mathematics provides. Conjoined with this is that in order to test the
predictions of many of these models, the use of computers is necessary since computer can adequately store
and use the lager data sets that are currently being compiled. Therefore, to adequately prepare future
psychologists for working in their discipline, we must further expose the hidden marriage between
mathematics and psychology.
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