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Chapter 6

Probability

Learning Objectives

•	 Explain the relationship between proportions and probabilities.
•	 Explain the differences between theoretical predictions and empirical outcomes.
•	 Define the binomial distribution and the normal distribution and explain the types of 

data for which each one is used.
•	 Construct the binomial distribution using the binomial coefficient for a given prob-

ability and sample size.
•	 Explain and diagram out the relationship among raw scores, z scores, and areas.
•	 Use the z-score formula and z table to calculate unknown raw scores, z scores, and 

areas.
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A probability is the likelihood that a particular event will occur. We all use probabilistic 
reasoning every day. If I buy a lottery ticket, what are my chances of winning? What is the 
likelihood that I will get a promotion if I put in extra effort at work? What is the probability 

that I will get pulled over if I drive 5 miles per hour over the speed limit? These musings all involve 
predictions about the likelihood that a certain event will (or will not) occur. We use what we know 
(or what we presume, if our information is imperfect) about the world to inform our judgments 
about the chance of occurrence.

Probability: The likelihood that a certain event will occur.

Probabilities are linked intricately with proportions; in fact, the probability formula is a spinoff 
of Formula 3(1). Flip back to this formula right now for a refresher. Let us call a particular event of 
interest A. Events are phenomena of interest that are being studied. The probability that event A 
will occur can be symbolized as p(A) (pronounced p of A) and written formulaically as

 
p A

The number of times event A can occur

The total number of  po
( )=

sssible outcomes
. Formula 6(1)

Coin flips are the classic example of probabilities. Any two-sided, fair coin may land on either 
heads or tails when flipped, so the denominator in the probability formula is 2. There is only one 
tail side on a coin, so the numerator is 1. Probabilities, like proportions, are expressed as decimals, 
so the fraction must be divided out. The probability of the coin landing tails side up, then, is

p tails( ) = =
1
2

.50 .

Any time you flip a fair coin, there is a probability of .50 that the coin will land on tails. Of 
course, the probability that it will land heads side up is also .50. Note that the two probabilities 
together sum to 1.00; that is,

p(tails) + p(heads) = .50 + .50 = 1.00.

The probabilities sum to 1.00 because heads and tails are the only two possible results and 
thus constitute an exhaustive list of outcomes. The coin, moreover, must land (it will not hover in 
midair or fly around the room), so the probability sums to 1.00 because the landing of the coin is 
inevitable.

Think about rolling one fair die. A die has six sides, so any given side has p = =
1

.17
6

 of being 

the one that lands face up. If you were asked, “What is the probability of obtaining a 3 on a single 

roll of a fair die?” your answer would be “.17.” There are 52 cards in a standard deck and only one of 
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121Chapter 6 | Probability

each number and suit, so if a card is randomly selected from that deck, each card has p =
1

= .02
52

 

probability of being the card that is selected. If someone asked you, “What is the probability of 
selecting the Two of Hearts from a full deck?” you would respond, “.02.” Note, too, that in the 
instance of a die and a deck of cards—just as with the flipped coin—the sum of all events’ indi-
vidual probabilities is 1.00. This is a reflection of the bounding rule and the rule of the complement 
that we discussed in Chapter 5. A die has six sides, so there are six total possible events: the die can 
land on 1, 2, 3, 4, 5, or 6. The probability that it will land on a specific predicted value (say 5, for 
example) is .17, whereas the probability that it will land on any of its six sides is .17 + .17 + .17 + 
.17 + .17 + .17 = 1.02 (this sum is not precisely 1.00 because of rounding error). Likewise, the prob-
ability of pulling a predetermined playing card (the Four of Clubs, let’s say) is .02, but the chance 
that you will, in fact, retrieve a card from the deck when you pull one out is .02 × 52 = 1.04 (again, 
rounding error).

Use probability to answer the following two questions.

a. When you predict that a die will land on 2, what is the probability that it will 
actually land on 3 instead?

b. When you predict that a card will be the Jack of Diamonds, what is the probabil-
ity that you will actually pull the Ace of Hearts instead?

Based on what you know about the bounding rule and the rule of the complement, 
answer the following questions.

a. When you predict that a die will land on 1, what is the probability that it will land 
on any other value except 1?

b. When you predict that a card will be the Nine of Spades, what is the probability 
that the card you actually pull will be anything except the Nine of Spades?

LEARNING CHECK

Table 6.1 Gender of PPCS Respondents

Gender f p

Male 25,078 .48

Female 27,451 .52

N = 52,529 Σ = 1.00
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The major difference between proportions and probabilities is that proportions are purely 
descriptive, whereas probabilities represent predictions. Consider Table 6.1, which shows the pro-
portion of the respondents to the Police-Public Contact Survey (PPCS; see Data Sources 2.1) that 
is male and the proportion that is female. If you threw all 52,529 people into a gigantic hat and 
randomly drew one, what is the probability that the person you selected would be female? It is .52! 
The probability that the person would be male? The answer is .48. This is the relationship between 
proportions and probabilities.

Let us try another example. Table 6.2 shows data from the Uniform Crime Reports (see Data 
Sources 1.1) showing the percentage of crimes cleared by arrest in 2012.

Table 6.2 Percentage of Crimes Cleared by Arrest

Crime Type Percentage Cleared

Homicide 62.50
Rape 40.10
Robbery 28.10
Aggravated assault 55.80
Burglary 12.70
Larceny-theft 22.00
Motor vehicle theft 11.90

We can use the percentages in Table 6.2 just as if they were proportions (flip back to Formu-
las 3(1) and 3(2) if you need a refresher on this concept). What is the probability that a robbery 
reported to police will result in an arrest of the perpetrator? You can see that 28.10% of these 
crimes are cleared by arrest, which means that any given robbery has a .28 chance of resulting in 
an arrest. Try this exercise with the other crime types listed in the table.

In Table 6.2, the bounding rule and rule of the complement play out a little differently 
compared to the examples using coins, dice, and cards. In the clearance data, these 
two rules must be applied separately for each individual crime type. There are two pos-
sible outcomes anytime a crime occurs: that the police solve the crime or that they do 
not. As such, there is a 100.00% that one of these two outcomes will occur. We can 
use clearance rates and simple subtraction to find the chance that a particular crime 
will not be cleared by arrest. For example, if 12.70% of burglaries result in arrest of the 
suspect, then 100.00% – 12.70% = 87.30% of burglaries are not cleared (i.e., there is 
a .87 probability that any given burglary will not result in the arrest of a suspect). For 
each of the remaining crime types in Table 6.2, calculate the percentage of crimes not 
cleared, and state the probability that a crime will or will not be cleared.

LEARNING CHECK
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Probability theory is grounded in assumptions about infinite trials; in other words, probabili-
ties concern what is expected over the long run. Think back to the coin flip example. Since p(tails) 
on any given flip is. 50, then over the course of a long-term flipping session, exactly half of the flips 
will yield tails.

Theoretical prediction: A prediction, grounded in logic, about whether or not a certain 
event will occur.
Empirical outcome: A numerical result from a sample, such as a mean or frequency. 
Also called observed outcomes.

There is a distinct difference, though, between theoretical predictions and empirical out-
comes (empirical outcomes can also be called observed outcomes; we will use the two terms inter-
changeably). Quite simply, and as you have undoubtedly already learned in life, you do not always 
get what you expect. You can see this in practice. First, imagine that you flipped a coin six times. 
How many of those flips would you expect to land tails side up? Three, of course, because every 
flip has p(tails) = .50 and so you would expect half of all f lips to result in tails. Now, grab a real 
coin, flip it six times, and record each outcome. How many tails did you get? Try 20 flips. Now 
how many tails? Transfer the following chart to a piece of paper and fill it in with your numbers.

6 flips proportion tails = ?
6
=

20 flips proportion tails = 
?

20
=

You might have found in your 6-flip exercise that the number of tails departed noticeably 
from three; you might have gotten one, five, or even six or zero tails. On the other hand, the num-
ber of tails yielded in the 20-flip exercise should be approximately 10 (with a little bit of error; 
it might have been 9 or 11). Why is this? It is because you increased the number of trials and 
thereby allowed the underlying probability to appear in the empirical outcomes. The knowledge 
that half of coin flips will produce tails over time is a theoretical prediction, whereas the f lip 
experiment you just conducted is an empirical test and finding. Theory guides us in outlining 
what we expect to see (e.g., if you are asked how many times you would expect to see tails in a 
series of six f lips, your best guess would be three), but sometimes empirical results do not match 
expectations (e.g., you may see one tail, or possibly all six of the f lips will produce tails).

The relationship between theoretical predictions and empirical findings is at the heart of sta-
tistical analysis. Researchers constantly compare observations to expectations to determine if 
empirical outcomes conform to theory-based predictions about those outcomes. The extent of the 
match (or mismatch) between what we expect (theory) and what we see (reality) is what leads us to 
make certain conclusions about both theory and reality.
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Now, let us add another layer to the discussion. We have thus far covered four examples of situ-
ations in which probability can be used to make predictions: coin tosses, die roles, card selections, 
and clearance rates. You might have noticed that clearance rates stand apart from the other three 
examples—unlike coins, dice, and cards, the probability of clearance is not equal across the differ-
ent crime types. Whereas a rolled die offers equal probability of landing on 2 versus 6 (each one is 
.17), a crime will vary in its clearance probability based on the type of crime that it is. Motor vehicle 
theft has a .12 clearance probability, and there is a .63 chance of a homicide being cleared. Unlike 
each of the six sides of a die, any given crime does not have an equal probability of clearance.

This leads us to an important point: In most cases, the different possible outcomes have unequal 
probabilities of occurring. The existence of outcomes that have greater or lesser theoretical prob-
abilities of being the one that actually occurs forms the basis for everything else we are going to 
discuss in this chapter. Some outcomes are much more likely than others.

If you are thus far finding the material to be about as clear as mud, then you are expe-
riencing the perfectly normal learning process for this topic. These ideas take time to 
sink in. A highly recommended study technique is to spend time simply thinking about 
these concepts. Work them over in your mind. It may be advisable to take fairly frequent 
breaks as you read so that you can digest what you have read so far before continuing 
on. If needed, practice additional probability calculations.

LEARNING CHECK

The general population is roughly 50% female, meaning that 50% of babies newly 
being born are female. Suppose there are two hospitals, Hospital A and Hospital B. In 
Hospital A, four babies are born each day. In Hospital B, 20 babies are born per day. 
In which hospital would you expect to see roughly half of the babies born each day be 
female? That is, in which hospital would the sex of the babies born each day be rep-
resentative of the entire population? Explain your answer. What about over the course 
of a year? If you tracked the sex of babies born for a year, would there be a difference 
between the two hospitals’ female-baby percentages? Why or why not?

LEARNING CHECK

A probability distribution is a table or graph showing the full array of theoretical probabili-
ties for any given variable. These probabilities represent not what we actually see but, rather, the 
gamut of potential empirical outcomes and each outcome’s probability of being the one that actu-
ally happens. Probability distributions are theoretical, not empirical. A probability distribution is 
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constructed on the basis of an underlying parameter or statistic (such as a proportion or a mean) 
and represents the probability associated with each possible outcome. Two types of probability 
distributions are discussed in this chapter: binomial and continuous.

Probability distribution: A table or graph showing the entire set of probabilities asso-
ciated with every possible empirical outcome.

Discrete Probability: The Binomial Probability Distribution

A trial is a particular act with multiple different possible outcomes (e.g., rolling a die, where the 
die will land on any one of its six sides). Binomials are trials that have exactly two possible out-
comes (this type of trial is also called dichotomous or binary). Coin flips are binomials because 
coins have two sides. Research Example 6.1 describes two types of binomials that criminal justice 
and criminology researchers have examined. Binomials are used to construct binomial prob-
ability distributions. The binomial probability distribution is a list of expected probabilities; it 
contains all possible results over a set of trials and lists the probability of each result.

Trial: An act that has several different possible outcomes.

Binomial: A trial with two possible outcomes. Also called a dichotomous or binary 
variable empirical outcome.

Are Police Officers Less Likely to Arrest an Assault Suspect When the 
Suspect and the Alleged Victim Are Intimate Partners?

Critics of the police response to intimate 
partner violence have accused police 
of being “soft” on offenders who abuse 
intimates. Klinger (1995) used a variable 
measuring whether or not police made an 
arrest when responding to an assault of 
any type. The variable was coded as arrest/
no arrest. He then examined whether the 
probability of arrest was lower when the 

perpetrator and victim were intimates as 
compared to assaults between strangers 
or nonintimate acquaintances. The results 
indicated that police were unlikely to make 
arrests in all types of assault, regardless of the 
victim-offender relationship and that they 
were not less likely to arrest offenders who 
victimized intimate partners relative to those 
who victimized strangers or acquaintances.

RESEARCH EXAMPLE 6.1
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Binomial probability distribution: A numerical or graphical display showing the prob-
ability associated with each possible outcome of a trial.

Binomial coefficient: The formula used to calculate the probability for each possible 
outcome of a trial and to create the binomial probability distribution.

So, how do we go about building the binomial probability distribution? The distribution is con-
structed using the binomial coefficient. The formula for this coefficient is a bit intimidating, but 
each component of the coefficient will be discussed individually in the following pages so that 
when you are done reading, you will understand the coefficient and how to use it. The binomial 
coefficient is given by the formula:

 
p r

N
r

prqN r ,( ) 







= −  Formula 6(2)

where p(r) = the probability of r,

r = the number of successes,

N = the number of trials/sample size,

p = the probability that a given event will occur, and

q = the probability that a given event will not occur.

The ultimate goal of binomials is to find the value of p(r) for every possible value of r. The result-
ing list of p(r) values is the binomial probability distribution.

Before we get into the math, let’s first consider a conceptual example using the clearance data. 
Table 6.2 shows that 62.50% of homicides result in arrest, meaning that any given homicide has a 
.63 probability of clearance. Suppose you gathered a random sample of 10 homicide cases. Out of 
these 10, there are 11 separate possible (i.e., theoretical) outcomes: Anywhere from 0 to all 10 could 
have been cleared by arrest. Each of these individual outcomes has a certain probability of being 
the one that occurs in reality. You might have already guessed that the most likely outcome is that 6 
or 7 of them would be cleared (since 62.50% of 10 is 6.25), but what are the other possible outcomes’ 
probabilities of occurrence? This is what we use the binomial probability distribution for.

Successes and Sample Size: N and r

The binomial coefficient formula contains the variables N and r. The N represents sample size or 
the total number of trials. As an example, we will use a hypothetical study of jail inmates who have 
been booked on arrest and are awaiting word as to whether they will be released on bail or whether 
they will remain confined while they await criminal-court proceedings. The Bureau of Justice 
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Statistics reports that 62% of felony defendants are released from jail prior to the final disposition 
of their case (Reaves, 2013), so p = .62. Let’s say we draw a random sample of five recently arrested 
jail inmates. This means that for the binomial coefficient formula, N = 5.

In the binomial coefficient, r represents the number of successes or, in other words, the number 
of times the outcome of interest happens over N trials. A researcher decides what “success” will 
mean in a given study. In the current example, we will define success as a defendant obtaining pre-
trial release. There are multiple values that r takes on in any given study, since there are multiple 
possible successes. If we wanted to find the probability that three of the five defendants would be 
released, we would input r = 3 into the binomial coefficient formula; if we wanted the probability 
that all five would be released, then r = 5.

Success: The outcome of interest in a trial.

The Number of Ways r Can Occur, Given N: The Combination

In our sample of five defendants, there are a lot of possibilities for any given value of r. For instance, 
if one defendant was released (i.e., r = 1), then it could be that Defendant 1 was released and the 
remaining four were detained. Alternatively, Defendant 4 might have been the one who made bail. 
The point is, a given value of r can occur in multiple different ways. If a release is symbolized r, then 
for the purpose of an illustration, let us call a detention d (remember that release and detention are 
binary; each defendant receives one of these two possible outcomes). Consider the following sets of 
possible arrangements of outcomes:

{r, d, d, d, d} {d, r, d, d, d} {d, d, r, d, d} {d, d, d, r, d} {d, d, d, d, r}

What these sets tell you is that there are five different ways for r = 1 (i.e., one success) to occur 
over N = 5 trials. The same holds true for any number of successes—there are many different ways 
that r = 2, r = 3, and so on can occur in terms of which defendants are the successes and which are 
the failures.

The total number of ways that r can occur in a sample of size N is called a combination and is 
calculated as

 

N!
r! N r !

,
−( )

 Formula 6(3)

where N = the total number of trials or total sample size,

r = the number of successes, and

! = factorial.
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The factorial symbol ! tells you to multiply together the series of descending whole numbers start-
ing with the number to the left of the symbol all the way down to 1.00. If r = 3, then r! = 3 · 2 · 1 = 6. If 
N = 5, then N! = 5 · 4 · 3 · 2 · 1 = 120.

Combination: The total number of ways that a success r can occur over N trials.

Factorial: Symbolized !, the mathematical function whereby the first number in a 
sequence is multiplied successively by all numbers below it down to 1.00.

There is also shorthand notation for the combination formula that saves us from having to write 

the whole thing out. The shorthand notation is N
r









  , which is pronounced “N choose r.” Be very 

careful! This is not a fraction. Do not mistake it for “N divided by r.”

In this chapter and subsequent ones, you will see various notations representing mul-
tiplication. The most popular symbol, x, will not be used; in statistics, x represents raw 
data values and so using this symbol to also represent multiplication would be confus-
ing. Instead, we will rely on three other indicators of multiplication. First is the centered 
dot that connects the numbers being multiplied, such as 2 · 3 = 6. Second are parenthe-
ses; numbers separated by parentheses should be multiplied together. This could appear 
as 2(3) = 6 or (2)(3) = 6. Third, sometimes no operand is used, and it is merely the place-
ment of two numbers or symbols right next to each other that signals multiplication. An 
example of this is xy, where whatever numbers x and y symbolized, respectively, would 
be multiplied together. If x = 2 and y = 3, then xy = 2 · 3 = 6.

LEARNING CHECK

Most calculators meant for use in math classes (which excludes the calculator that 
came free with that new wallet you bought) will compute factorials and combinations 
for you. The factorial function is labeled ! The combination formula is usually repre-
sented by nCr or sometimes just C. Depending on the type of calculator you have, these 
functions are probably either located on the face of the calculator and accessed using 

LEARNING CHECK
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The combination formula can be used to replicate the previously presented longhand demon-
stration wherein we were interested in the number of ways that one release and four detentions can 
occur. Plugging the numbers into the combination formula yields

5
1

5!
1! 5 1 !

120
1 4 !

 
120

1 24
5









 ( ) ( ) ( )

=
−

= = = .

When we wrote out the possible ways for r = 1 to occur, we concluded that there were five 
options; we have now confirmed this mathematically using the combination formula. There are 
five different ways for one person to be released and the remaining four to be detained.

We will do one more example calculation before moving on. Suppose that three of the five defen-
dants were released. How many combinations of three are there in a sample of five? Plug the num-
bers into the combination formula to find out:

5
3

5!
3! 5 3 !

120
3! 2 !

120
6 2

120
12

10






 ( ) ( ) ( )

=
−

= = = =

There are 10 combinations of three in a sample of five. In the context of the present example, 
there are 10 different ways for three defendants to be released and two to be detained. This has to 
be accounted for in the computation of the probability of each possible result, which is why you see 
the combination formula included in the binomial coefficient.

The Probability of Success and the Probability of Failure: p and q

The probability of success (symbolized p) is at the heart of the binomial probability distribution. 
This number is obtained on the basis of prior knowledge or theory. In the present example pertain-
ing to pretrial release, we know that 62% of felony defendants obtain pretrial release. This means 
that each defendant’s probability of release is p = .62.

We know that release is not the only possible outcome, though—defendants can be detained, 
too. The opposite of a success is a failure. Because we are dealing with events that have two 

a 2nd or alpha key, or can be found in a menu accessed using the math, stat, or prob 
buttons, or a certain combination of these functions. Take a few minutes right now to 
find these functions on your calculator. 

Also, note that 1 factorial and 0 factorial both equal 1. Try this out on your calculator 
to see for yourself. Since 0! = 1, you do not need to worry if you end up with a zero in 
the denominator of your fractions.

1! = 1
0! = 1
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potential outcomes, we need to know the probability of failure in addition to that of success. The 
probability of failure is represented by the letter q; to compute the value of q, the bound rule and 
the rule of the complement must be invoked. In Chapter 5, you learned that

p(A) + p(Not A) = 1.00; therefore,

p(Not A) = 1.00 – p(A).

What we are doing now is exactly the same thing, with the small change that p(A) is being 
changed to simply p, and p(Not A) will now be represented by the letter q. So,

 q = 1.00 – p. Formula 6(4)

With q = .62, the probability that a felony defendant will be detained prior to trial (i.e., will not 
obtain pretrial release) is

q = 1.00 – .62 = .38.

Putting It All Together: Using the Binomial  
Coefficient to Construct the Binomial Probability Distribution

Using p and q, the probability of various combinations of successes and failures can be computed. 
When there are r successes over N trials, then there are N – r failures over that same set of trials. 
There is a formula called the restricted multiplication rule for independent events that guar-
antees that the probability of r successes and N – r failures is the product of p and q. In the pres-
ent example, there are three successes (each with probability p = .62) and two failures (each with 
probability q = .38). You might also recall from prior math classes that exponents can be used as 
shorthand for multiplication when a particular number is multiplied by itself many times. Finally, 
we also have to account for the combination of N and r. The probability of three successes is thus

p p successs p successs p successs p failur3 =
5

3
. ( ). ( ). ( ). (( ) 







 ee p failure). ( )

=
5

3
. . . . .









 p p p q q

=
5

3
3 2







 p q

=
5

3
.623 .382







( )( )

= 10(.24)(.14)

= .34.
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Failure: Any outcome other than success or the event of interest.

Restricted multiplication rule for independent events: A rule of multiplication that 
allows the probability that two events will both occur to be calculated as the product of 
each event’s probability of occurrence: that is, p(A and B) = p(A) · p(B).

This result means that given a population probability of .62, there is a .34 probability that if we 
pulled a sample of five felony defendants, three would obtain pretrial release.

To create the binomial probability distribution, repeat this procedure for all possible values of r. 
The most straightforward way to do this is to construct a table like Table 6.3. Every row in the table 
uses a different r value, whereas the values of N, p, and q are fixed. The rightmost column, p(r), is 

obtained by multiplying the 
N
r







 pr, and qN–r terms.

Table 6.3  The Binomial Probability Distribution for Pretrial Release Among  
Five Felony Defendants

r

N
r









 pr qN–r p(r)

0

5
0

1





 =

620 = 1.00 .385–0 = 5 =	.01 .01

1

5
1

5





 =

621 =	.62 .385–1 = 4 =	.02 .06

2

5
2

10





 =

622 =	.38 .385–2 = 3 =	.05 .19

3

5
3

10





 =

623 =	.24 .385–3 = 2 =	.14 .34

4

5
4

5





 =

624 =	.15 .385–4 = 1 =	.38 .29

5

5
5

1





 =

625 =	.09 .385–5 = 0 = 1.00 .09
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Part 2 Probability and Distributions Chapter 6 | Probability132

The values in the p(r) column tell you the probability of each possible outcome being the one 
that actually occurs in any given random sample of five defendants. The probability that two of the 
five defendants will be released pending trial is .19, and the probability that all five will be released 
is .09. Probabilities can also be added together. The probability of four or more defendants being 
released is p(4) + p(5) = .29 + .09 = .38. The chance that two or fewer would be released is p(2) + 
p(1) + p(0) = .19 + .06 + .01 = .26.

Our original question was, “With a population probability of .62, what is the probability that 
three of five defendants would be released?” You can see from the table that the answer is .34. This, 
as it happens, is the highest probability in the table, meaning that it is the outcome that we would 
most expect to see in any given random sample. Another way to think of it is to imagine that some-
one who was conducting this study asked you to predict—based on a population probability of .62 
and N = 5 defendants—how many defendants would be released. Your “best guess” answer would 
be three, because this is the outcome with the highest likelihood of occurring.

Contrast this to the conclusion we would draw if none of the five defendants in the sample had 
been released. This is an extremely improbable event with only p(0) = .01 likelihood of occurring. 
It would be rather surprising to find this empirical result, and it might lead us to wonder if there 
was something unusual about our sample. We might investigate the possibility that the county we 
drew the sample from had particularly strict policies regulating pretrial release, or that we hap-
pened to draw a sample of defendants charged with especially serious crimes.

There are two neat and important things about the binomial probability distribution. The first 
is that it can be graphed using a bar chart (Figure 6.1) so as to form a visual display of the numbers 
in Table 6.3. The horizontal axis contains the r values and the bar height (vertical axis) is deter-
mined by p(r). The bar chart makes it easy to determine at a glance which outcomes are most and 
least likely to occur.

Figure 6.1  The Binominal Probability Distribution for Pretrial Release in a Sample of Five 
Defendants, With p = .62
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The second important thing about the binomial probability distribution is that the p(r) column 
sums to 1.00. This is because the binomial distribution is exhaustive; that is, all possible values of 
r are included in it. Any time an exhaustive list of probabilities is summed, the result will be 1.00. 
In Table 6.3, we covered all of the values that r can assume (i.e., zero to five); therefore, all possible 
probabilities are included and the sum is 1.00. Memorize this point! It is applicable in the context 
of continuous probability distributions, too, and will be revisited shortly.

Recall from Table 6.2 and the discussion that 62.50% of homicides are cleared by 
arrest. Use this clearance rate to construct the binomial probability distribution for a 
hypothetical sample of six homicide cases. If you feel confident, next try a sample of 
10 cases.

LEARNING CHECK

Continuous Probability: The Standard Normal Curve

The binomial probability distribution is applicable for trials with two potential outcomes; in 
other words, it is used for dichotomous categorical variables. Criminal justice and criminology 
researchers, however, often use continuous variables. The binomial probability distribution has 
no applicability in this context. Continuous variables are represented by a theoretical distribu-
tion called the normal curve. Figure 6.2 shows this curve’s familiar bell shape.

Figure 6.2 The Normal Curve for Continuous Variables

 

standard
deviation

(s)

mean(x)

We have already visited the concept of a normal distribution and have encountered four 
ways that a curve can deviate from normality. Can you remember those four deviations? 
Revisit Chapters 4 and 5, if needed.

LEARNING CHECK
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The normal curve is a unimodal, symmetric curve with an area of 1.00. It is unimodal 
because it peaks once and only once (i.e., it has one modal value; recall our discussion of the 
mode in Chapter 4). It is symmetric because the two halves (split by the mean) are identical to 
one another. It has an area of 1.00 because it encompasses all possible values of the variable in 
question. Just as the sum of the binomial probability distribution’s p(r) column always sums 
to 1.00 because all values that r could possibly take on are contained within the table, so the 
normal curve’s tails stretch out to negative and positive infinity. This may sound impossible, 
but remember that this is a theoretical distribution. This curve is built on probabilities, not 
actual data.

What Predicts Correctional Officers’ Job Stress and Job Satisfaction?

Correctional officers work in a high-stress 
environment, and their job performance 
has implications for the quality and safety 
of the correctional institution. High stress 
levels can reduce these workers’ perfor-
mance levels and can increase their likeli-
hood of physical injury; likewise, low job 
satisfaction can lead to constant staff turn-
over and to burnout, which also dampens 
the overall effectiveness of the correctional 
institution. It is important for corrections 
managers to understand the organizational 
factors that might increase or decrease 
stress and satisfaction among their staff so 
as to ensure the best work environment 
possible and thus keep the facility running 
smoothly.

Paoline, Lambert, and Hogan (2006) 
sought to uncover the predictors of cor-
rectional officers’ attitudes toward their 
jobs. They gathered a sample of jail secu-
rity staff and administered surveys that 
asked these respondents several questions 
about the levels of stress they experience 
at work and the amount of satisfaction 
they derive from their job. There were six 

stress variables and five satisfaction vari-
ables. Each set of variables was summed to 
form a single, overarching score on each 
index for each respondent. The indexes 
were continuous. Jail staff members with 
higher scores on the stress index experi-
enced greater work anxiety and tension; 
likewise, those with lower scores on the 
satisfaction index felt relatively poorly 
about their job.

Paoline et al. found that the most 
consistent predictors of both stress and 
satisfaction were organizational factors 
specific to the jail itself; in particular, 
officers who felt that that the jail policies 
were clear and fair and who had posi-
tive views toward their coworkers experi-
enced significantly less stress and greater 
satisfaction as compared to those officers 
who were not happy about the policies 
and their coworkers. These findings sug-
gest that jail managers who seek to fos-
ter a positive work environment for their 
employees should ensure clear, fair poli-
cies and should promote harmony and 
teamwork among jail staff.

RESEARCH EXAMPLE 6.2
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Normal curve: A distribution of raw scores from a sample or population that is sym-
metric, unimodal, and has an area of 1.00. Normal curves are expressed in raw units 
and differ from one another in metrics, means, and standard deviations.

The characteristics that determine a normal curve’s location on the number line and its shape 
are its mean and standard deviation, respectively. When expressed in raw units, normal curves are 
scattered about the number line and take on a variety of shapes. This is a product of variation in 
metrics, means, and standard deviations. Figure 6.3 depicts this concept.

Figure 6.3 Variation in Normal Curves: Different Means and Standard Deviations

 

s4

s3

s2
s1

x1 x2 x3 x4

This inconsistency in locations and dimensions of normal curves can pose a problem in statis-
tics. It is impossible to determine the probability of a certain empirical result when every curve 
differs from the rest. What is needed is a way to standardize the normal curve so that all variables 
can be represented by a single curve. This widely applicable single curve is constructed by convert-
ing all of a distribution’s raw scores to z scores. The z-score transformation is straightforward:

 
z

x x
s

,x =
−

 Formula 6(5)

where zx = the z score for a given raw score x,

x = a given raw score,

x = the distribution mean, and

s = the distribution standard deviation.

z score: A standardized version of a raw score that offers two pieces of information 
about the raw score: (1) how close it is to the distribution mean and (2) whether it is 
greater than or less than the mean.
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Part 2 Probability and Distributions Chapter 6 | Probability136

A z score conveys two pieces of information about the raw score on which the z score is based. 
First, the absolute value of the z score reveals the location of the raw score in relation to the distri-
bution mean. Z scores are expressed in standard deviation units. A z score of .25, for example, tells 
you that the underlying raw score is exactly one fourth of one standard deviation away from the 
mean. A z score of –1.50, likewise, signifies a raw score that is one and-one-half standard devia-
tions away from the mean.

It is very important that you understand standard deviations; z scores will not make 
much sense if you did not fully grasp this earlier concept from Chapter 5. If necessary, 
go back and review these pages. What is a standard deviation, conceptually? What two 
pieces of complementary information are given by the mean and the standard deviation?

LEARNING CHECK

The second piece of information is given by the sign of the z score. Although standard devia-
tions are always positive, z scores can be negative. A z score’s sign indicates whether the raw score 
that the z score represents is greater than the mean (producing a positive z score) or is less than 
the mean (producing a negative z score). A z score of .25 is above the mean, while a score of -1.50 
is below it. Figure 6.4 shows the relationship between raw scores and their z-score counterparts. 
You can see that every raw score has a corresponding z score. The z score tells you the distance 
between the mean and an individual raw score, as well as whether that raw score is greater than 
or less than the mean.

Figure 6.4 Raw Scores and z Scores

 x

−z score

x

+z score

x

When all of the raw scores in a distribution have been transformed to z scores and plotted, the 
result is the standard normal curve. The z-score transformation dispenses with the original, raw 
values of a variable and replaces them with numbers representing their position relative to the 
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distribution mean. A normal curve, then, is a curve constructed of raw scores, while the standard 
normal curve is composed of z scores.

Standard normal curve: A distribution of z scores. The curve is symmetric and uni-
modal and has a mean of zero, a standard deviation of 1.00, and an area of 1.00.

Like ordinary normal curves, the standard normal curve is symmetric, unimodal, and has an 
area of 1.00. Unlike regular normal curves, though, the standard normal curve’s mean and stan-
dard deviation are fixed at 0 and 1, respectively. They remain fixed irrespective of the units in 
which the variable is measured or the original distribution’s mean and standard deviation. This 
allows probabilities to be computed.

To understand the process of using the standard normal curve to find probabilities, it is necessary 
to comprehend that in this curve, area is the same as proportion and probability. A given area of the 
curve (such as the area between two raw scores) represents the proportion of scores that are between 
those two raw values. Figures 6.5 and 6.6 display the relationship between z scores and areas.

In Chapter 5, you learned that approximately two-thirds of the scores in any normal distribu-
tion lie between one standard deviation below and one standard deviation above the mean for 
that set of scores. (Refer back to Figure 5.4.) In Figure 6.5, you can see that .3413 (or 34.13%) of 
the scores are located between the mean and one standard deviation. If you add the proportion of 
cases—that is, area of the curve—that is one standard deviation below the mean to the proportion 
or area that is one standard deviation above, you get .3413 + .3413 = .6826, or 68.26%. This is just 
over two-thirds! The bulk of scores in a normal distribution cluster fairly closely to the center and 
those scores that are within one standard deviation of the mean (i.e., z scores that have absolute 
values of 1.00 or less) are considered the typical or normal scores. This affirms what we saw in 
Chapter 5 when we talked about the “normal” range being between 1 sd above and 1 sd below the 
mean.

Z scores that are greater than 1.00 or less than –1.00 are relatively rare, and they get increas-
ingly rare as you trace the number line away from zero in either direction. These very large z scores 
do happen, but they are improbable, and some of them are incredibly unlikely. In Figure 6.6, you 
can see that a full 95% of scores (i.e., .9544) are within two standard deviations above and below 
the mean. In other words, only about 5% of scores in a normal distribution will be either greater 
than 2 sd above the mean (i.e., have a z value greater than 2.00) or more than 2 sd below the mean  
(a z value less than –2.00).

This is all getting very abstract, so let us get an example going. According to the 2005 Census of 
State and Federal Adult Correctional Facilities (CSFACF; see Data Sources 3.1), maximum-security 
state prisons with fewer than 750 inmates have a mean of 158 full-time correctional officers. The 
standard deviation is 97.

Suppose that a facility has 57 officers. To find this prison’s z score, plug the numbers into 
Formula 6(5):

z
57

57 158
97

101
97

1.04=
−

=
−

= −
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Figure 6.5 Standard Normal Curve: Area Between the Mean and One Standard Deviation

 area = .6826

area = .3413 area = .3413

z = 1.00xz = −1.00

Figure 6.6 Standard Normal Curve: Area Between the Mean and Two Standard Deviations

 area = .9544

area = .4772 area = .4772

z = 2.00xz = −2.00

This facility was just over one standard deviation below the group mean on staffing. Substan-
tively speaking, this facility is right outside—but not by far—the typical zone of ± 1sd.

Now for another one. One institution employed 237 correctional officers, so its z score is

z237
237 158

97
79
97

.81=
−

= = .

This institution is less than one standard deviation above the mean, so it is squarely within the 
typical zone. One more example. A third complex has 586 officers. Its z score is thus

z586
586 158

97
428
97

4.41=
−

= = .
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For this facility, z = 4.41; that is, this prison’s raw score is nearly four and one-half standard 
deviations greater than the sample mean. Let’s draw a hypothetical plot that offers a visualization 
of the three raw and z scores used in these examples and each one’s relationship to the mean. You 
can see in Figure 6.7 each pair of xs and zs and how close to or far from the mean they are, as well 
as whether they are above or below it. The larger the z score is, the farther away from the mean 
that score is.

The z Table and Area Under the Standard Normal Curve

It is also possible to use z scores to find the area (i.e., proportion of values) between the mean and 
a particular score, or even the area that is beyond that score (in other words, the area that is in the 
tail of the distribution).

To do this, the z table is used. The z table is a chart containing the area of the curve that is 
between the mean and a given z score. Appendix B contains the z table. The area associated with 
a particular z score is found by decomposing the score into an x.x and .0x format such that the 
first half of the decomposed score contains the digit and the number in the 10ths position, and 
the second half contains a zero in the 10ths place and the number that is in the 100ths position. In 
the three previous examples, we calculated z scores of –1.04, .81, and 4.41. The first z score would 
be broken down as –1.0 + .04. Note that it does not matter that the z score is negative because the 
standard normal curve is symmetric and, therefore, the z table is used the same way irrespective of 
an individual score’s sign. Go to the z table and locate the 1.0 row and .04 column; then trace them 
to their intersection. The area is .3508.

z table: A table containing a list of z scores and the area of the curve that is between the 
distribution mean and each individual z score.

The z score of .81 would decompose as .8 + .01, for an area of .2910. The z score of 4.41 is 
tricky because the table stops at 4.0; a z score that large encompasses the vast majority of val-
ues and leaves very few left. Figure 6.8 shows the areas between the mean and each of our three 

Figure 6.7 Raw and z Scores in Relation to the Sample Mean

 

z = −1.04

x = 57

z = .81

x = 237

z = 4.41

x = 158

x = 586

                                                                        Copyright ©2016 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



Part 2 Probability and Distributions Chapter 6 | Probability140

z scores. Approximately .35 or 35% of the scores lie between the mean and z = -1.04, about .29 
or 29% are between the mean and z = .81, and more than .49 or 49% fall between the mean 
and z = 4.41.

Finding the area between the mean and a z score is informative, but what is generally of 
interest to criminology and criminal justice researchers is the area beyond that z score; that is, 
researchers usually want to know how big or small a z score would have to be in order to fall 
into the very tip of either the positive or negative tail of the distribution. To do this, we rely 
on a simple fact: Because the entire area of the standard normal curve is 1.00, the mean splits 
the curve exactly in half so that 50% of scores are below it and 50% are above. In other words, 
the area on each side of the mean is .50. As such, we have two pieces of information. First, 
we know that the total area on a particular side is .50. Second, we know, for any individual 
z score, the area between the mean and that score. We are looking for the third, unknown 
number, which is the area beyond that z score. How do you think we can find that number? 
If you said, “Subtraction,” you are right! We subtract the known area from .50 to figure out 
what’s left over.

Let us find the area beyond z for z = -1.04. The area between the mean and z is .3508 and the total 
area on the right-hand side is .50, so we use subtraction, as such:

.50 – .3508 = .1492

Thus, .1492 (or approximately 15%) of the scores in the standard normal distribution for correctional-
facility staff size are less than 57 (z = –1.04). This is a relatively small proportion of scores, suggesting  
that it is rare for a correctional facility to have a staff this small. How about for a staff size of 237 officers 
(z = .81)? We found that the area between the mean and z is .2910, so

.50 – .2910 = .2090.

Approximately .21 (or 21%) of raw scores are greater than 237. Figure 6.9 depicts each of these 
calculated z scores’ location on the standard normal curve.

Figure 6.8 Areas Between the Mean and z

 

z = −1.04

area = .3508
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Before moving on, double-check your understanding of areas between the mean and 
z and of areas beyond z by finding both of these numbers for each of the following 
z scores:

a. z = 1.38

b. z = -.65

c. z = 2.46

d. z = -3.09

LEARNING CHECK

Another handy feature of the standard normal curve is that just as z scores can be used to find 
areas, areas can likewise be used to find z scores. Basically, you just use the z table backward. We 
might, for instance, want to know the z scores that lie in the upper 5% (.05) or 1% (.01) of the distri-
bution. These are very unlikely values and are of interest because of their relative rarity. How large 
would a z score have to be such that only .05 or .01 of scores is above it?

The process of finding these z scores employs similar logic about the area of each side of the 
curve. First, we know that the z table provides the area between z and the mean; it does not tell you 
about the area beyond z, so it cannot be used yet. This problem is surmounted using subtraction, 
as we have already seen. Let us start with the area of .01. The area between the mean and z is

.50 – .01 = .49.

Thus, the area between the mean and the z score we are searching for is .49. Since we know this, 
we can now use the z table.

Figure 6.9 Areas Between the Mean and z, Beyond z, and Total Area for Two z Scores

 total area = .50

area = .3508

z = −1.04

area = .1492

area = .2910

area = .2090

z = .81

total area = .50
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The second step is to scan the areas listed in the body of the z table to find the one that is closest to .49. 
The closest area is .4901. Third, find the z score associated with the identified area. Instead of tracing 
the two elements of a z score inward to locate the area, as you did before, now start at the area and trace 
outward along the row and column. The area of .4901 is in the 2.3 row and .03 column, so the z score is

2.3 + .03 = 2.33.

And that is the answer! We now know that .01, or 1%, of scores in the standard normal distribu-
tion area have z scores greater than 2.33.

There are two points you should be very clear on before leaving this chapter. First, 
although z scores can be negative, areas are always positive. When you are working on 

LEARNING CHECK

The text uses the example of finding the z scores that are in the top 1% of the standard 
normal distribution. What z scores are, likewise, in the bottom 1%? Hint: You do not 
need to do any math to answer this question; the calculations have already been done 
in the text.

LEARNING CHECK

Now let us find the z score associated with an area of .05, but with a twist: We will place this 
area in the lower (left-hand) tail of the distribution. Recall that we were working in the upper 
(right-hand) tail when we did the previous example using an area of .01. The first and second steps 
of the process are the same no matter which side of the distribution is being analyzed. Subtraction 
shows that .50 – .05 = .45 of the scores is between the mean and z. Going to the table, you can see 
that there are actually two areas that are closest to .45. They are .4495 and .4505. The z score for 
the former is 1.64 and that for the latter is 1.65; however, since we are on the left (or negative) side 
of the curve, these z scores are actually -1.64 and -1.65. You must be aware of the sign of your z 
score! Scores on the left side of the standard normal curve are negative.

Finally, since there are two z scores in this instance, they must be averaged:

z =
− −

=
−

= −
1.64 + ( 1.65)

2
3.29
2

1.645

That is the answer! Z scores less than -1.65 have a .05 or less probability of occurring. In other 
words, these extremely small scores happen only 5% of the time or less. That is unlikely indeed.
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CHAPTER SUMMARY

Probability is the basis of inferential statistics. This chapter introduced two of the major prob-
ability distributions: binomial and standard normal. The binomial distribution is for categorical 
variables that have two potential outcomes (dichotomous or binary variables), and the standard 
normal curve applies to continuous variables. The binomial probability distribution is constructed 
using an underlying probability derived from research or theory. This distribution shows the prob-
ability associated with each possible outcome, given an overarching probability of success and a 
predetermined number (N) of cases or trials.

The standard normal curve consists of z scores, which are scores associated with known areas 
or probabilities. Raw scores can be transformed to z scores using a simple conversion formula 
that employs the raw score, the mean, and the standard deviation. Because the area under the 
standard normal curve is a constant 1.00 (i.e., .50 on each side), areas can be added and sub-
tracted, thus allowing probabilities to be determined on the basis of z scores and vice versa.

Both distributions are theoretical, which means that they are constructed on the basis of logic 
and mathematical theory. They can be contrasted to empirical distributions, which are distribu-
tions made from actual, observed raw scores in a sample or population. Empirical distributions are 
tangible; they can be manipulated and analyzed. Theoretical distributions exist only in the abstract.

CHAPTER 6 REVIEW PROBLEMS

 1. Eight police officers are being randomly assigned to two-person teams.

a. Identify the value of N.
b. Identify the value of r.
c. How many combinations of r are possible in this scenario? Do the combination by hand first, and 

then check your answer using the combination function on your calculator.

 2. Nine jail inmates are being randomly assigned to three-person cells.

a. Identify the value of N.
b. Identify the value of r.

the left side of the standard normal z curve, scores will be negative but areas will not 
be. Second, areas/probabilities and z scores are two ways of expressing the same idea. 
Large z scores are associated with small probabilities, and small z scores represent large 
probabilities. The larger the absolute value of a z score is, the smaller the likelihood 
of observing that score will be. Z scores near zero (i.e., near the mean of the standard 
normal curve) are not unlikely or unusual, whereas scores that are very far away from 
zero are relatively rare (they are out in the far left or right tail). Take a moment now to 
graph the four z values listed in the previous Learning Check box.
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c. How many combinations of r are possible in this scenario? Do the combination by hand first, and 
then check your answer using the combination function on your calculator.

 3. In a sample of seven parolees, three are rearrested within 2 years of release.

a. Identify the value of N.
b. Identify the value of r.
c. How many combinations of r are possible in this scenario? Do the combination by hand first, and 

then check your answer using the combination function on your calculator.

 4. Out of six persons recently convicted of felonies, five are sentenced to prison.

a. Identify the value of N.
b. Identify the value of r.
c. How many combinations of r are possible in this scenario? Do the combination by hand first, and 

then check your answer using the combination function on your calculator.

 5. Four judges in a sample of eight do not believe that the law provides them with sufficient sanction op-
tions when sentencing persons convicted of crimes.

a. Identify the value of N.
b. Identify the value of r.
c. How many combinations of r are possible in this scenario? Do the combination by hand first, and 

then check your answer using the combination function on your calculator.

 6. For each of the following variables, identify the distribution—either binomial or standard normal—that 
would be the appropriate theoretical probability distribution to represent that variable. Remember that 
this is based on the variable’s level of measurement.

a. Defendants’ completion of a drug court program, measured as success or failure
b. The total lifetime number of times someone has been arrested
c. Crime victims’ reporting of their victimization to police, measured as reported or did not report

 7. For each of the following variables, identify the distribution—either binomial or standard normal—that 
would be the appropriate theoretical probability distribution to represent that variable. Remember that 
this is based on the variable’s level of measurement.

a. The number of months of probation received by juveniles adjudicated guilty on delinquency 
charges

b. City crime rates
c. Prosecutorial charging decisions, measured as filed charges or did not file charges

 8. According to the Uniform Crime Reports (UCR), 56% of aggravated assaults reported to police in 2010 were 
cleared by arrest. Convert this percentage to a proportion and use it as your value of p to do the following:

a. Compute the binomial probability distribution for a random sample of five aggravated assaults, 
with r defined as the number of assaults that are cleared.

b. Based on the distribution, what is the outcome (i.e., number of successes) you would most expect  
to see?
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c. Based on the distribution, what is the outcome (i.e., number of successes) you would least expect  
to see?

d. What is the probability that two or fewer aggravated assaults would be cleared?
e. What is the probability that three or more would be cleared?

 9. According to the Bureau of Justice Statistics, of all criminal charges filed against defendants for domestic 
violence, 62% are for aggravated assault. Convert this percentage to a proportion and use it as your value 
of p to do the following:

a. Compute the binomial probability distribution for a random sample of six domestic-violence cases, 
with r defined as the number of cases charged as aggravated assault.

b. Based on the distribution, what is the outcome (i.e., number of successes) you would most expect  
to see?

c. Based on the distribution, what is the outcome (i.e., number of successes) you would least expect  
to see?

d. What is the probability that two or fewer of the charges would be for aggravated assault?
e. What is the probability that five or more of them would be for assault?

10. According to the UCR, 49% of the hate crimes that were reported to police in 2012 were ra-
cially motivated. Convert this percentage to a proportion and use it as your value of p to do the 
following:

a. Compute the binomial probability distribution for a random sample of six hate crimes, with r 
defined as the number that are racially motivated.

b. Based on the distribution, what is the outcome (i.e., number of successes) you would most expect  
to see?

c. Based on the distribution, what is the outcome (i.e., number of successes) you would least expect  
to see?

d. What is the probability that two or fewer of the hate crimes were motivated by race?
e. What is the probability that three or more were racially motivated?

11. According to the UCR, 61% of murders in 2009 were committed with firearms. Convert this percentage 
to a proportion and use it as your value of p to do the following:

a. Compute the binomial probability distribution for a random sample of five murders, with r defined 
as the number that are committed with firearms.

b. Based on the distribution, what is the outcome (i.e., number of successes) you would most expect  
to see?

c. Based on the distribution, what is the outcome (i.e., number of successes) you would least expect  
to see?

d. What is the probability that one or fewer murders were committed with firearms?
e. What is the probability that four or more murders were committed with firearms?

The 2007 Law Enforcement and Management Statistics (LEMAS) survey reported that the mean number 
of municipal police per 1,000 citizens in U.S. cities with populations of 100,000 or more was 1.99 (s = .84). 
Use this information to answer questions 12 through 15.

                                                                        Copyright ©2016 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



Part 2 Probability and Distributions Chapter 6 | Probability146

12. One department had 2.46 police per 1,000 citizens.

a. Convert this raw score to a z score.
b. Find the area between the mean and z.
c. Find the area in the tail of the distribution beyond z.

13. One department had 4.28 police per 1,000 residents.

a. Convert this raw score to a z score.
b. Find the area between the mean and z.
c. Find the area in the tail of the distribution beyond z.

14. One department had 1.51 police per 1,000.

a. Convert this raw score to a z score.
b. Find the area between the mean and z
c. Find the area in the tail of the distribution beyond z.

15. One department had 1.29 officers per 1,000.

a. Convert this raw score to a z score.
b. Find the area between the mean and z.
c. Find the area in the tail of the distribution beyond z.

16. What z scores fall into the upper .15 of the distribution?

17. What z scores fall into the upper .03 of the distribution?

18. What z scores fall into the lower .02 of the distribution?

19. What z scores fall into the lower .10 of the distribution?

20. What z scores fall into the lower .015 of the distribution?

KEY TERMS

Inferential statistics
Probability theory
Probability
Theoretical prediction
Empirical outcome
Probability distribution
Trial

Binomial
Binomial probability distribution
Binomial coefficient
Success
Combination
Factorial
Failure

Restricted multiplication rule for 
independent events

Normal curve
z score
Standard normal curve
z table
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS INTRODUCED IN THIS 
CHAPTER

p The probability of success

N The total number of trials; the sample size

r The number of successes over a set of N trials

N
r









The combination of “N choose r”; the number of ways for r successes to 
happen over N trials

q The probability of failure

z A score expressed in standard deviation units
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