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Chapter 13: Statistical Arguments and Probability 

 

Statistical reasoning allows us to use specific inductive principles and mathematical 

calculations to generate conclusions about events and groups of things. Although 

mathematics is a deductive science, it can be used to generate inductive conclusions, both 

because of the types of generalizations inferred from the calculations and the fact that the 

guiding principles are fundamentally experiential. 

 

 

A. Samples and Populations 

 

We use samples (a subset of a population) when we want to know something about a 

specific group of things, because we cannot successfully count each individual member 

of the target group, or population.  

 

For example, if we want to know something about “U.S. citizens’ attitudes toward 

immigration,” we can’t interview each one. What we do instead is identify our 

population, which in this case is U.S. citizenry, and determine the representative 

sample, that is, the sample that accurately reflects the characteristics of the population as 

a whole. Sometimes, the representative sample is created through random sampling, in 

which every member of the population has an equal chance of getting into the sample. 

 

 

B. Statistical Averages 

 

Very often, our aim is to find a statistical average—a numeric version of generalization. 

There are three types of statistical average: 

 

1. Mean: determined by adding relevant numerical values, then dividing by the 

number of objects represented by those values. 

2. Median: determined by locating the number that divides the numeric data set in 

half. 

3. Mode: determined by locating the value in the data set that occurs most. 

 

 

C. Standard Deviation 

 

Standard deviation measures the amount of diversity in a numeric data set. This is 

useful in statistical reasoning for determining diversity around the mean. 

 

The standard deviation of a numeric data set is calculated through a series of steps.  

 



Step 1: Calculate the mean value. 

Step 2: Calculate the difference between each value in the set and the mean value. 

Step 3: Multiply each difference by itself (square each difference). 

Step 4: Add the results of the squaring process in step 3. 

Step 5: Divide the result of Step 4 by one fewer than the number of members in 

the set. 

Step 6: The square root of the total variance is the standard deviation. 

 

 

D. What if the Results Are Skewed? 

 

While real-life data do not always fit perfectly bell-shaped curves, the same basic 

principles apply in calculating the standard deviation. The problem lies in interpreting 

and applying unexpected sets of results. 

 

For example, interpretation and application of complex statistical data can be influenced 

by social policy, such as federal funding for early childhood education, which often 

depends on the results of statistical studies. While some school administrators have used 

statistical data to justify an increase in the amount of money for preschools, others have 

used statistical data to justify a decrease in the amount of money available. They not only 

relied on different data but also on different interpretations. 

 

 

E. The Misuse of Statistics 

 

As with any reasoning, statistical inferences can be erroneous. This can be accidental or 

intentional, but in either case, it is important never to take conclusions inferred from 

statistical evidence at face value. (See the fallacy of misleading precision in Chapter 4.) 

 

 

F. Probability Theories 

 

Evaluating statements and arguments that rely on probabilities requires that we accurately 

interpret the information. However, like the term “average,” the term “probability” is 

ambiguous, and we need to know exactly how the word is being used. Three theories can 

help provide some clarity. 
 

1. The a priori theory of probability ascribes to a simple event a fraction 

between zero and 1; the denominator of this fraction is the number of equally 

possible, or equiprobable, outcomes, and the numerator is the number of 

outcomes in which the event in question occurs. Probability calculations using 

the a priori, or classical, theory rely on two major assumptions: 

a. All possible outcomes of a given situation can be determined. 

b. Each possible outcome has an equal probability of occurring. 
 

2. The relative frequency theory of probability relies on direct observation of 

events. According to this theory, probabilities can be computed by dividing 



the number of favorable cases by the total number of observed cases. For 

example, actuarial tables rely on relative frequency theory. 

 

3. The subjectivist theory of probability is based on a lack of total knowledge 

regarding an event. However, this does not mean that the probability 

calculations are mere guesses. They often rely on relative frequency data. For 

example, professional gamblers and professional stock market investors rely 

on years of experience to sift and weigh the pertinent information. They need 

that experience to cope with not only the mounds of data, but also with their 

lack of total knowledge. 

 

 

G. Probability Calculus 

 

Probability calculus refers to the rules for calculating the probability of compound 

events from the probability of simple events. The results can be displayed as fractions, 

percentages, ratios, or a decimal between zero and 1. 

 

When we need to calculate the probability of two or more events occurring together (A 

and B), we rely on one of two conjunction methods: the restricted or the general. Each 

conjunction method provides a formula for a simple calculation of joint occurrences. 
 

1. The restricted conjunction method is used when two or more events are 

independent of each other: The occurrence of one event has no bearing 

whatsoever on the occurrence or nonoccurrence of the other event. 

 

2. The general conjunction method facilitates the calculation of the probability of 

two (or more) events occurring together, regardless of whether the events are 

independent. Two (or more) events are not independent when the occurrence of one 

event affects the probability of the other event. In these cases, the probability of 

subsequent events is dependent on prior events. 

 

When we need to calculate the probability that either one of two or more events will 

occur (A or B), we rely on one of two disjunction methods: the restricted or the general. 

Each disjunction method provides a formula for easy calculation of either one of two 

independent events. 

 

1. There are two requirements for using the restricted disjunction method: (1) the 

situation must involve two or more events that are independent of each other, and 

(2) the events must be mutually exclusive (if one event occurs then the other 

cannot). 

 

2. The general disjunction method is used when two or more events are not 

mutually exclusive. 

 



When we know the probability of the occurrence of an event, we can easily calculate the 

probability of the event not occurring using the negation method. 
 

 

H. True Odds in Games of Chance 

 

In a “fair” game of chance, the payoff odds of winning guarantee that, in the long run, the 

gambler will break even. The ability to calculate true odds will allow you to determine 

whether you are playing a fair game or whether the odds are stacked against you. 

 

 

I. Bayesian Theory 

 

Thomas Bayes was able to unite much of the probability calculus and the relative frequency 

theory into a method for calculating conditional probability. Bayes’s ideas proved so useful 

that they have been applied to everything from risk assessment and hypothesis testing to the 

probability of false positives in disease testing. Bayes’s theory is also used extensively in 

judging the predictive ability of exams and other measures. For example, formulas are 

available to determine whether the SAT is a useful predictor of success in college. 


