
Probability Review for fMRI Data Analysis 
 
1 Basics 
 
Informally, we can think of a random variable as a quantity which takes on 
various values with probabilities specified by an associated function. This 
function is called a probability density if the set of values which the random 
variable can assume include an interval, and a probability mass function if this 
set of values is discrete. In both the continuous and discrete case, the term 
probability distribution is also often used. Random variables provide a 
mathematical model for answers to questions which are not deterministic, such 
as "Will it rain tomorrow?" or "What is the BOLD activity in a certain brain 
region under given conditions?" 

A probability is a value between 0 and 1 (inclusive) which can be thought of 
either as the long-run average occurrence of some event, or else as subjective 
belief that an event will occur. (For some events [e.g., the event that Mitt 
Romney is elected Governor] the long-run frequency interpretation doesn't make 
sense, so one must think in terms of subjective probabilities.) The mathematics 
of probability theory is the same, whether one chooses to think in terms of long-
run frequency or subjectivity. 

There is a mathematical theory of probability, based on a handful of axioms. 
Many empirical characteristics of random phenomena are very commonly 
observed, such as the fact that a long-run average of measurements tend to "settle 
down" to some value, and that measurement noise often follows a "bell-shaped 
curve" (or Gaussian distribution). Beginning with the axioms of mathematical 
probability, one can model the behavior of random phenomena in great detail. In 
particular, conditions under which the two empirical properties mentioned above 
obtain are theorems in probability theory. 
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