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C H A P T E R  7

Hypothesis Testing  
with z Tests
The z Table

Raw Scores, z Scores, and Percentages
The z Table and Distributions of Means

The Assumptions and Steps of Hypothesis Testing
The Three Assumptions for Conducting Analyses
The Six Steps of Hypothesis Testing

An Example of the z Test BEFORE YOU GO ON

 ■ You should understand how 
to calculate a z statistic for a 
distribution of scores and for a 
distribution of means (Chapter 6).

 ■ You should understand that the z 
distribution allows us to determine 
the percentage of scores (or means) 
that fall below a particular z statistic 
(Chapter 6).
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158  CHAPTER 7 ■ Hypothesis Testing with z Tests

When statistician R. A. Fisher offered a cup of tea to Dr. B. Muriel 
Bristol, the doctor politely declined, but for a strange reason. She 
preferred the taste of tea when the milk had been poured into the 
cup first.

“Nonsense. Surely it makes no difference,” Fisher replied.
William Roach (who had witnessed the exchange between 

his two colleagues and would later marry Dr. Bristol) suggested, 
“Let’s test her.” Roach poured cups of tea, some with tea first and 
 others with milk first. But Fisher’s mind was awhirl with statisti-
cal concerns about how many cups should be used, their order of 
presentation, and how to control chance variations in temperature 
or sweetness. The case of the doctor drinking tea connected prob-
ability to experimental design and became one chapter’s opening 
story in Fisher’s classic textbook, The Design of Experiments (Fisher, 
1935/1971).

With only two choices, Dr. Bristol had a 50% chance of getting it 
right—that is, of selecting a beverage-first cup of tea. But how often 
would she need to be above the 50% accuracy level, the expected 
rate of success for a chance hit, for us to believe in her tea-tasting 
abilities? Obviously, 100% accuracy would be convincing, but other 
factors (such as the temperature of the tea) shouldn’t play a role in 
the test. Would 55% convince us? 70%? 95%? William Roach report-
edly said, “Miss Bristol divined correctly more than enough of those 
cups into which tea had been poured first to prove her case” (Box, 
1978, p. 134). (Her success in divining tea-first cups of tea turned 

out to be somewhere above the 50% chance rate.) But no one specified a numerical 
hypothesis about what “more than enough” actually meant. Regardless, William Roach 
was in love, so he might have been biased. The important point here is that Fisher’s grand 
insight from this ordinary event was that probability could be used to test a hypothesis. 

We begin our own adventures into the liberating power of hypothesis testing with 
the simplest hypothesis test, the z test. We learn how the z distribution and the z test 
make fair comparisons possible through standardization. Specifically, we learn:

 1. How to use a z table.
 2. How to implement the basic steps of hypothesis testing.
 3. How to conduct a z test to compare a single sample to a known population.

The z Table
In Chapter 6, we learned that (1) about 68% of scores fall within one z score of the 
mean, (2) about 96% of scores fall within two z scores of the mean, and (3) nearly all 
scores fall within three z scores of the mean. These guidelines are useful, but the table 
of z statistics and percentages is more specific. The z table is printed in its entirety in 
Appendix B.1 but, for your convenience, we have provided an excerpt in Table 7-1. 
In this section, we learn how to use the z table to calculate percentages when the 
z score is not a whole number.

Raw Scores, z Scores, and Percentages
Just as the same person might be called variations of a single name—“Christina,” 
“Christy,” or “Tina,” for instance—z scores are just one of three different ways to 
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Experimental Design R. A. Fisher was inspired by the 
“lady drinking tea” who claimed that she could distinguish the 
taste of a cup of tea that had been poured tea first versus milk 
first. In his book, The Design of Experiments, he demonstrated 
how statistics become meaningful within the context of an 
experimental design.
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CHAPTER 7 ■ Hypothesis Testing with z Tests  159

TABLE 7-1. Excerpt from the z Table

The z table provides the percentage of scores between the mean and a given z value. The full table includes 
positive z statistics from 0.00 to 4.50. The negative z statistics are not included because all we have to do is 
change the sign from positive to negative. Remember, the normal curve is symmetric: One side always mirrors 
the other. See Appendix B.1 for the full table.

z % Between Mean and z
. .

 .

. .
 .

0.97 33.40

0.98 33.65

0.99 33.89

1.00 34.13

1.01 34.38

1.02 34.61

. .
 .

. .
 .

identify the same point beneath the normal curve: raw score, z score, and percen-
tile ranking. The z table is how we transition from one way of naming a score to 
another. More importantly, the z table gives us a way to state and test 
 hypotheses by standardizing different kinds of observations onto the 
same scale.

For example, we can determine the percentage associated with a 
given z statistic by following two steps.

Step 1: Convert a raw score into a z score.
Step  2: Look up a given z score on the z table to find the  percentage 

of scores between the mean and that z score.
Note that the z scores displayed in the z table are all positive, but that is just to 

save space. The normal curve is symmetric, so negative z scores (any scores below 
the mean) are the mirror image of positive z scores (any scores above the mean) 
(Figure 7-1).

◀ Mastering the ConCept

7-1: We can use the z table to look up the 

percentage of scores between the mean of 

the distribution and a given z statistic. 

FIGURE 7-1
The Standardized z Distribution

We can use a z table to determine the percentages below and above a particular z score. For example, 34% of 
scores fall between the mean and a z score of 1.

0�1�2�3 1 2 3

34%34%

14% 14%2% 2%
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160  CHAPTER 7 ■ Hypothesis Testing with z Tests

EXAMPLE 7.1 Here is an interesting way to learn how to use the z table: A research team (Sandberg, 
Bukowski, Fung, & Noll, 2004) wanted to know whether very short children tended 
to have poorer psychological adjustment than taller children and, therefore, should be 
treated with growth hormone. They categorized 15-year-old boys and girls into one of 
three groups—short (bottom 5%), average (middle 90%), or tall (top 5%)—based on pub-
lished norms for a given age and gender (Centers for Disease Control  National Center 
for Health Statistics, 2000; Sandberg et al., 2004). The mean height for 15-year-old boys 
was approximately 67.00 inches, with a standard deviation of 3.19. For 15-year-old girls, 
the mean height was approximately 63.80 inches, with a standard deviation of 2.66. We’ll 
consider two 15-year-olds, one taller than average and the other shorter than average.

Jessica is 66.41 inches tall (just over 5 feet, 6 inches).

We use the mean ( μ = 63.80) and standard 
deviation (σ = 2.66) for the heights of girls:

z =
(X − μ)

σ =
(66.41 − 63.80)

2.66
= 0.98

Once we know that the associated percent-
age is 33.65%, we can determine a number 
of percentages related to her z score. Here 
are three.

1. Jessica’s percentile rank—the percentage of scores below her score: We add the percent-
age between the mean and the positive z score to 50%, which is the percentage 
of scores below the mean (50% of scores are on each side of the mean).

Jessica’s percentile is 50% + 33.65% = 83.65%

Figure 7-2 shows this visually. As we can do when we are evaluating the calculations 
of z scores, we can run a quick mental check of the likely accuracy of the answer. We’re 
interested in calculating the percentile of a positive z score. Because it is above the mean, 
we know that the answer must be higher than 50%. And it is.

step 1: Convert her raw score to a 
z score, as we learned how 
to do in Chapter 6.

step 2: Look up 0.98 on the z table 
to find the associated 
percentage between the 
mean and Jessica’s z score.

0�1�2�3 1

0.98

2 3

50.00% 33.65%

FIGURE 7-2
Calculating the Percentile for a Positive z Score

Drawing curves helps us find someone’s percentile rank. For Jessica’s positive z score of 0.98, add the 50% below 
the mean to the 33.65% between the mean and her z score of 0.98; Jessica’s percentile rank is 83.65%.
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CHAPTER 7 ■ Hypothesis Testing with z Tests  161

2. The percentage of scores above Jessica’s score: We subtract the percentage between 
the mean and the positive z score from 50%, which is the full percentage of 
scores above the mean:

50% − 33.65% = 16.35%

So 16.35% of 15-year-old girls’ heights are above Jessica’s height. Figure 7-3 shows 
this visually. Here, it makes sense that the percentage would be smaller than 50%; 
because the z score is positive, we could not have more than 50% above it. As an 
 alternative, a simpler method is to subtract Jessica’s percentile rank of 83.65% from 
100%. This gives us the same 16.35%. We could also look under the “In the tail” 
 column in the z table in Appendix B.1.

0�1�2�3 1

0.98

2 3

16.35%

33.65%

FIGURE 7-3
Calculating the Percentage 
Above a Positive z Score

For a positive z score, we subtract 
the percentage between the mean 
and that z score from 50% (the total 
percentage above the mean) to get the 
percentage above that z score. Here, we 
subtract the 33.65% between the mean 
and the z score of 0.98 from 50%, 
which yields 16.35%.

3. The scores at least as extreme as Jessica’s z score, in both directions: When we begin 
hypothesis testing, it will be useful to know the percentage of scores that are at 
least as extreme as a given z score. In this case, 16.35% of heights are extreme 
enough to have z scores above Jessica’s z score of 0.98. But remember that the 
curve is symmetric. This means that another 16.35% of the heights are extreme 
enough to be below a z score of −0.98. So we can double 16.35% to find the 
total percentage of heights that are as far as or farther from the mean than is 
Jessica’s height:

16.35% + 16.35% = 32.70%

Thus 32.7% of heights are at least as extreme as Jessica’s height in either direction. 
Figure 7-4 shows this visually.

FIGURE 7-4
Calculating the Percentage 
at Least as Extreme as the 
z Score

For a positive z score, we double 
the percentage above that z score 
to get the percentage of scores that 
are at least as extreme—that is, at 
least as far from the mean—as the 
z score is. Here, we double 16.35% 
to calculate the percentage at least 
this extreme: 32.70%.

0�1�2�3 1

0.98

2 3

16.35%

�0.98

16.35%
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162  CHAPTER 7 ■ Hypothesis Testing with z Tests

What group would Jessica fall in? Because 16.35% of 15-year-old girls are taller than 
Jessica, she is not in the top 5%. So she would be classified as being of average height, 
according to the researchers’ definition of average. ■

EXAMPLE 7.2 Now let’s repeat this process for a score below the mean. Manuel is 61.20 inches 
tall (about 5 feet, 1 inch) so we want to know if Manuel can be classified as short. 
Remember, for boys the mean height is 67.00 inches, and the standard deviation for 
height is 3.19 inches.

We use the mean ( μ = 67.00) and stan-
dard deviation (σ = 3.19) for the heights 
of boys:

z =
(X − μ)

σ =
(61.20 − 67.00)

3.19
= 1.82

We can again determine a number of per-
centages related to the z score; however, this 
time, we need to use the full table in Appen-
dix B. The z table includes only  positive z 
scores, so we look up 1.82 and find that 
the percentage between the mean and the 

z score is 46.56%. Of course, percentages are always positive, so don’t add a negative 
sign here!

1. Manuel’s percentile score—the percentage of scores below his score: For a negative 
z score, we subtract the percentage between the mean and the z score from 
50% (which is the total percentage below the mean):

Manuel’s percentile is 50% − 46.5% = 3.44% (Figure 7-5).

step 1: Convert his raw score to a 
z score:

step 2: Calculate the percentile, 
the percentage above, and 
the percentage at least as 
extreme for the negative 
z score for Manuel’s height.

0�1�2�3 1 2 3

�1.82

3.44%

46.56%

FIGURE 7-5
Calculating the Percentile for a 

Negative z Score

As with positive z scores, drawing curves 
helps us to determine the appropriate 
percentage for negative z scores. For 

a negative z score, we subtract the 
percentage between the mean and that 

z score from 50% (the percentage below 
the mean) to get the percentage below 

that negative z score, the percentile. 
Here we subtract the 46.56% between 

the mean and the z score of −1.82 
from 50%, which yields 3.44%.

2. The percentage of scores above Manuel’s score: We add the percentage between the 
mean and the negative z score to 50%, the percentage above the mean:

50% + 46.56% = 96.56%

So 96.56% of 15-year-old boys’ heights fall above Manuel’s height (Figure 7-6).
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3. The scores at least as extreme as Manuel’s z score, in both directions: In this case, 
3.44% of 15-year-old boys have heights that are extreme enough to have z 
scores below −1.82. And because the curve is symmetric, another 3.44% of 
heights are extreme enough to be above a z score of 1.82. So we can double 
3.44% to find the total percentage of heights that are as far as or farther from 
the mean than is Manuel’s height:

3.44% + 3.44% = 6.88%

So 6.88% of heights are at least as extreme as Manuel’s in either direction  (Figure 7-7).

0�1�2�3 1 2 3

�1.82

46.56% 50.00%

FIGURE 7-6
Calculating the Percentage 
Above a Negative z Score

For a negative z score, we add the 
percentage between the mean and 
that z score to 50% (the percentage 
above the mean) to get the percentage 
above that z score. Here we add the 
46.56% between the mean and the 
z score of −1.82 to the 50% above the 
mean, which yields 96.56%.

In what group would the researchers classify Manuel? Manuel has a percentile rank 
of 3.44%. He is in the lowest 5% of heights for boys of his age, so he would be classi-
fied as short. Now we can get to the question that drives this research. Does Manuel’s 
short stature doom him to a life of few friends and poor social adjustment? Researchers 
compared the means of the three groups—short, average, and tall—on several measures 
of peer relations and social adjustment, but they did not find evidence of mean differ-
ences among the groups (Sandberg et al., 2004). ■

0�1�2�3 1 2 3

3.44%

�1.82 1.82

3.44%

FIGURE 7-7
Calculating the Percentage 
at Least as Extreme as the 
z Score

With a negative z score, we double the 
percentage below that z score to get 
the percentage of scores that are at 
least as extreme—that is, at least as 
far from the mean—as the z score is. 
Here, we double 3.44% to calculate the 
percentage at least this extreme: 6.88%.

EXAMPLE 7.3This example demonstrates (a) how to seamlessly shift among raw scores, z scores, and 
percentile ranks; and (b) why drawing a normal curve makes the calculations much 
easier to understand.

Many high school students in North America take the Scholastic Aptitude Test 
(SAT). The parameters for each part of the SAT are set at a mean of 500 and a standard 
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164  CHAPTER 7 ■ Hypothesis Testing with z Tests

deviation of 100. So let’s imagine that Jo, a high school student hoping to attend college, 
took the SAT and scored at the 63rd percentile on one part. What was her raw score? 
Begin by drawing a curve, as in Figure 7-8. Then add a line at the point below which 
approximately 63% of scores fall. We know that this score is above the mean because 
50% of scores fall below the mean, and 63% is larger than 50%.

FIGURE 7-8
Calculating a Score from a 

Percentile

We convert a percentile to a raw score 
by calculating the percentage between 

the mean and the z score, and then 
looking up that percentage on the 

z table to find the associated z score. 
We then convert the z score to a raw 

score using the formula. Here, we look 
up 13.00% on the z table (12.93% 

is the closest percentage) and find a 
z score of 0.33, which we can convert 

to a raw score.

0�1�2�3 1

0.33

2 3

50.00%

13.00%

Using the drawing as a guideline, we see that we have to calculate the percentage 
between the mean and the z score of interest. So, we subtract the 50% below the mean 
from Jo’s score, 63%:

63% − 50% = 13%

We look up the closest percentage to 13% in the z table (which is 12.93%) and 
find an associated z score of 0.33. This is above the mean, so we do not label it with a 
negative sign. We then convert the z score to a raw score using the formula we learned 
in Chapter 6:

X = z(σ) + μ = 0.33(100) + 500 = 533

Jo, whose SAT score was at the 63rd percentile, had a raw score of 533. Double 
check! This score is above the mean of 500, and the percentage is above 50%. ■

The z Table and Distributions of Means
Let’s shift our focus from the z score of an individual within a group to the z statistic 
for a group. There are a couple changes to the calculations. First, we will use means 
rather than individual scores because we are now studying a sample of many scores 
rather than studying one individual score. Fortunately, the z table can also be used to 
determine percentages and z statistics for distributions of means calculated from many 
people. The other change is that we need to calculate the mean and the standard error 
for the distribution of means before calculating the z statistic. 

EXAMPLE 7.4 Many psychology graduate programs require that applicants take the Graduate 
Record Exam (GRE) subject test in psychology. The test has been used for many 
years, so we know the actual population mean and standard deviation. For example, 
the mean was 603 and the standard deviation was 101 for one recent year, numbers 
that we will treat as population parameters for this example (http://nces.ed.gov/
programs/digest/d12/tables/dt12_380.asp). z statistics make it possible to compare 
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psychology students at our institution to that known standard. We record the psy-
chology test scores of a representative sample, 90 graduating seniors in a psychology 
department, and find that the mean score is 622. Before we calculate the z statistic, 
let’s use proper symbolic notation to indicate the mean and the standard error of 
this distribution of means:

μM = μ = 603

σM =
σ

√N
=

101

√90
= 10.646

At this point, we have all the information we need to calculate the percentage using 
the two steps we learned earlier.

z =
(M − μM)

σM
=

(622 − 603)

10.646
= 1.785

Draw it! Draw a curve that includes the 
mean of the z distribution, 0, and this z sta-
tistic, 1.785, rounded to 1.79 (Figure 7-9). 

Then shade the area in which we are interested: everything below 1.79. Now we look 
up the percentage between the mean and the z statistic of 1.79. The z table indicates that 
this percentage is 46.33, which we write in the section of the curve between the mean 
and 1.79. We write 50% in the half of the curve below the mean. We add 46.33% to the 
50% below the mean to get the percentile rank, 96.33%. (Subtracting from 100%, only 
3.67% of mean scores would be higher than the mean if they come from this popula-
tion.) Based on this percentage, the mean GRE psychology test score of the sample is 
quite high. But we still can’t arrive at a conclusion about whether these students are 
performing above the national average of 603 until we conduct a hypothesis test. ■

step 1: We convert to a z statistic 
using the mean and standard 
error that we just calculated.

step 2: We determine the percentage 
below this z statistic.

0�1�2�3 1

1.79

2 3

50.00%

46.33%

FIGURE 7-9
Percentile for the Mean of a Sample

We can use the z table with sample means in addition to sample scores. The only difference is that we use the mean 
and standard error of the distribution of means rather than the distribution of scores. Here, the z score of 1.79 is 
associated with a percentage of 46.33% between the mean and z score. Added to the 50% below the mean, the 
percentile is 50% + 46.33% = 96.33%.
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In the next section, we learn (a) the assumptions for conducting hypothesis testing; 
(b) the six steps of hypothesis testing using the z distribution; and (c) whether to reject 
or fail to reject the null hypothesis. In the last section, we demonstrate a z test.

CheCK YoUr Learning
Reviewing the Concepts > Raw scores, z scores, and percentile rankings are three ways to describe the same score 

within a normal distribution.

> If we know the mean and the standard deviation of a population, we can convert a raw 
score to a z score and then use the z table to determine percentages below, above, or at 
least as extreme as this z score.

> We can use the z table in reverse as well, taking a percentage and converting it into a 
z score and then a raw score.

> These same conversions can be conducted on a sample mean instead of on a score. The 
procedures are identical, but we use the mean and the standard error of the distribution 
of means, instead of the distribution of scores.

Clarifying the Concepts 7-1 What information do we need to know about a population of interest in order to use 
the z table?

 7-2 How do z scores relate to raw scores and percentile ranks?

Calculating the Statistics 7-3 If the percentage of scores between a z score of 1.37 and the mean is 41.47%, what 
percentage of scores lies between −1.37 and the mean?

 7-4 If 12.93% of scores fall between the mean and a z score of 0.33, what percentage of 
scores falls below this z score?

Applying the Concepts 7-5 Every year, the Educational Testing Service (ETS) administers the Major Field Test in 
Psychology (MFTP) to graduating psychology majors. Baylor University wondered 
how its students compared to the national average. On its Web site, Baylor reported 
that the mean and the standard deviation of the 18,073 U.S. students who took this 
exam were 156.8 and 14.6, respectively. Thirty-six students in Baylor’s psychology and 
neuroscience department took the exam; these students had a mean score of 164.6.

a. What is the percentile rank for the sample of students at Baylor? Use symbolic 
notation and write out your calculations.

b. What percentage of samples of this size scored higher, on average, than the students 
at Baylor?Solutions to these Check Your 

Learning questions can be found in 
Appendix D.  c. What can you say about how Baylor students compared to students across the nation?

The Assumptions and Steps of Hypothesis Testing
The story of the doctor tasting tea was an informal experiment; however, the formal 
process of hypothesis testing is based on particular assumptions about the data. At 
times it might be safe to violate those assumptions and proceed through the six steps 
of formal hypothesis testing, but it is essential to understand the assumptions before 
making such a decision.

The Three Assumptions for Conducting Analyses
Think of “statistical assumptions” as the ideal conditions for hypothesis testing. More 
formally, assumptions are the characteristics that we ideally require the population from which 

 ■ An assumption is a 
characteristic that we ideally 
require the population from 
which we are sampling to have 
so that we can make accurate 
inferences.
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we are sampling to have so that we can make accurate inferences. Why go through all the 
effort to understand and calculate statistics if you can’t believe the story they tell?

The assumptions for the z test apply to several other hypothesis tests, especially para-
metric tests, which are inferential statistical analyses based on a set of assumptions about the popu-
lation. By contrast, nonparametric tests are inferential statistical analyses that are not based on a 
set of assumptions about the population. Learning the three main assumptions for parametric 
tests will help you to select the appropriate statistical test for your particular data set.

Assumption 1: The dependent variable is assessed using a scale measure. If it’s clear that 
the dependent variable is nominal or ordinal, we could not make this 
first assumption and thus should not use a parametric hypothesis test. 

Assumption 2:  The participants are randomly selected. Every member of the population of 
interest must have had an equal chance of being selected for the study. 
This assumption is often violated; it is more likely that participants 
are a convenience sample. If we violate this second assumption, we 
must be cautious when generalizing from a sample to the population.

Assumption 3:  The distribution of the population of interest must be approximately normal. 
Many distributions are approximately normal, but it is important 
to remember that there are exceptions to this guideline (Micceri, 
1989). Because hypothesis tests deal with sample means rather than 
individual scores, as long as the sample size is at 
least 30 (recall the discussion about the central limit 
 theorem), it is likely that this third assumption is met.

Many parametric hypothesis tests can be conducted even if some of 
the assumptions are not met (Table 7-2), and are robust against viola-
tions of some of these assumptions. Robust hypothesis tests are those that 
produce fairly accurate results even when the data suggest that the population 
might not meet some of the assumptions.

These three statistical assumptions represent the ideal conditions 
and are more likely to produce valid research. Meeting the assumptions 
improves the quality of research, but not meeting the assumptions doesn’t 
necessarily invalidate research.

The Six Steps of Hypothesis Testing
Hypothesis testing can be broken down into six standard steps.

Step 1: Identify the populations, comparison distribution, and assumptions.
When we first approach hypothesis testing, we consider the characteristics of the 

data in order to determine the distribution to which we will compare the sample. 
First, we state the populations represented by the groups to be compared. Then we 

 ■ A parametric test is an 
inferential statistical analysis 
based on a set of  assumptions 
about the population.

 ■ A nonparametric test is an 
inferential statistical analysis 
that is not based on a set 
of  assumptions about the 
population.

 ■ A robust hypothesis test 
is one that produces fairly 
accurate results even when 
the data suggest that the 
population might not meet 
some of  the assumptions.

◀ Mastering the ConCept

7-2: When we calculate a parametric 

statistic, ideally we have met assumptions 

regarding the population distribution. For 

a z test, there are three assumptions: The 

dependent variable should be on a scale 

measure, the sample should be randomly 

selected, and the underlying population 

should have an approximately normal 

distribution.

TABLE 7-2. The Three Assumptions for Hypothesis Testing

We must be aware of the assumptions for the hypothesis test that we choose, and we must be cautious in choosing 
to proceed with a hypothesis test when the data may not meet all of the assumptions. Note that in addition to these 
three assumptions, for many hypothesis tests, including the z test, the independent variable must be nominal.

The Three Assumptions Breaking the Assumptions

1. Dependent variable is on a scale measure Usually OK if the data are not clearly nominal or ordinal

2. Participants are randomly selected OK if we are cautious about generalizing

3. Population distribution is approximately normal OK if the sample includes at least 30 scores
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identify the comparison distribution (e.g., a distribution of means). Finally, we review 
the assumptions of hypothesis testing. The information we gather in this step helps us 
to choose the appropriate hypothesis test (Appendix E, Figure E-1, provides a quick 
guide for choosing the appropriate test).

Step 2: State the null and research hypotheses.
Hypotheses are about populations, not about samples. The null hypothesis is usually 

the “boring” one that posits no change or no difference between groups. The research 
hypothesis is usually the “exciting” one that posits, for example, that a given inter-
vention will lead to a change or a difference—for instance, that a particular kind of 
psychotherapeutic intervention will reduce general anxiety. State the null and research 
hypotheses in both words and symbolic notation.

Step 3: Determine the characteristics of the comparison distribution.
State the relevant characteristics of the comparison distribution (the distribution 

based on the null hypothesis). In a later step, we will compare data from the sample 
(or samples) to the comparison distribution to determine how extreme the sample 
data are. For z tests, we will determine the mean and standard error of the comparison 
distribution. These numbers describe the distribution represented by the null hypoth-
esis and will be used when we calculate the test statistic.

Step 4: Determine the critical values, or cutoffs.
The critical values, or cutoffs, of the comparison distribution indicate how 

extreme the data must be, in terms of the z statistic, to reject the null hypothesis. 
Often called simply cutoffs, these numbers are more formally called critical values, the 
test statistic values beyond which we reject the null hypothesis. In most cases, we determine 
two cutoffs: one for extreme samples below the mean and one for extreme samples 
above the mean.

The critical values, or cutoffs, are based on a somewhat arbitrary standard—the 
most extreme 5% of the comparison distribution curve: 2.5% on either end. At times, 
cutoffs are based on a less conservative percentage, such as 10%, or a more conservative 
percentage, such as 1%. Regardless of the chosen cutoff, the area beyond the cutoff, or 
critical value, is often referred to as the critical region. Specifically, the critical region is 
the area in the tails of the comparison distribution in which the null hypothesis can be rejected. 
These percentages are typically written as probabilities; that is, 5% would be written 
as 0.05. The probabilities used to determine the critical values, or cutoffs, in hypothesis testing 
are p levels (often called alphas).

Step 5: Calculate the test statistic.
We use the information from step 3 to calculate the test statistic, in this case the 

z statistic. We can then directly compare the test statistic to the critical values to deter-
mine whether the sample is extreme enough to warrant rejecting the null hypothesis.

Step 6: Make a decision.
Using the statistical evidence, we can now decide whether to reject or fail to reject 

the null hypothesis. Based on the available evidence, we either reject the null hypothesis 
if the test statistic is beyond the cutoffs, or we fail to reject the null hypothesis if the 
test statistic is not beyond the cutoffs.

These six steps of hypothesis testing are summarized in Table 7-3.
Language Alert! When we reject the null hypothesis, we often refer to the results as 

“statistically significant.” A finding is statistically significant if the data differ from what 
we would expect by chance if there were, in fact, no actual difference. The word significant is 
another one of those statistical terms with a very particular meaning. The phrase statisti-
cally significant does not necessarily mean that the finding is important or meaningful. 
A small difference between means could be statistically significant but not practically 
significant or important.

 ■ A critical value is a test 
statistic value beyond which 
we reject the null hypothesis; 
often called a cutoff.

 ■ The critical region is the area 
in the tails of  the comparison 
distribution in which the null 
hypothesis can be rejected.

 ■ The probability used to 
determine the critical values, or 
cutoffs, in hypothesis testing is 
a p level (often called alpha).

 ■ A finding is statistically 
significant if  the data differ 
from what we would expect by 
chance if  there were, in fact, 
no actual difference.
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TABLE 7-3. The Six Steps of Hypothesis Testing

We use the same six basic steps with each type of hypothesis test.

1. Identify the populations, distribution, and assumptions, and then choose the appropriate hypothesis test.

2. State the null and research hypotheses, in both words and symbolic notation.

3. Determine the characteristics of the comparison distribution.

4. Determine the critical values, or cutoffs, that indicate the points beyond which we will reject the null hypothesis.

5. Calculate the test statistic.

6. Decide whether to reject or fail to reject the null hypothesis.

CheCK YoUr Learning
Reviewing the Concepts > When we conduct hypothesis testing, we have to consider the assumptions for that 

 particular test.

> Parametric statistics are those that are based on assumptions about the population 
 distribution; nonparametric statistics have no such assumptions. Parametric statistics are 
often robust to violations of the assumptions.

> The three assumptions for a z test are that the dependent variable is on a scale measure, the 
sample is randomly selected, and the underlying population distribution is approximately 
normal.

> There are six standard steps for hypothesis testing. First, we identify the population, 
 comparison distribution, and assumptions, all of which help us to choose the appropriate 
hypothesis test. Second, we state the null and research hypotheses. Third, we determine the 
characteristics of the comparison distribution. Fourth, we determine the critical values, or 
cutoffs, of the comparison distribution. Fifth, we calculate the test statistic. Sixth, we decide 
whether to reject or fail to reject the null hypothesis.

> The standard practice of statisticians is to consider scores to be statistically significant and 
to warrant rejection of the null hypothesis if they occur less than 5% of the time based 
on the null hypothesis; observations that occur more often than 5% of the time do not 
support this decision, and thus we would fail to reject the null hypothesis in these cases.

Clarifying the Concepts 7-6 Explain the three assumptions made for most parametric hypothesis tests.

 7-7 How do critical values help us to make a decision about the hypothesis?

Calculating the Statistics 7-8 If a researcher always sets the critical region as 8% of the distribution, and the null hypoth-
esis is true, how often will he reject the null hypothesis if the null hypothesis is true?

 7-9 Rewrite each of these percentages as a probability, or p level:

a. 15%

b. 3%

c. 5.5%

Applying the Concepts 7-10 For each of the following scenarios, state whether each of the three basic assumptions 
for parametric hypothesis tests is met. Explain your answers and label the three 
assumptions (1) through (3).

a. Researchers compared the ability of experienced clinical psychologists versus 
clinical psychology graduate students to diagnose a patient, based on a 1-hour 

continued on next page
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interview. For 2 months, either a psychologist or a student interviewed every 
outpatient at the local community mental health center who had already received 
diagnoses based on a number of criteria. For each diagnosis, the psychologists and 
graduate students were given a score of correct or incorrect.

 b. Behavioral scientists wondered whether animals raised in captivity would be 
healthier with diminished human contact. Twenty large cats (e.g., lions, tigers) were 
randomly selected from all the wild cats living in zoos in North America. Half 
were assigned to the control group—no change in human interaction. Half were 
assigned to the experimental group—no humans entered their cages except when 
the animals were not in them, one-way mirrors were used so that the animals could 
not see zoo visitors, and so on. The animals received a score for health over 1 year; 
points were given for various illnesses; a very few sickly animals had extremely high 
scores.

Solutions to these Check Your 
Learning questions can be found in 
Appendix D.

An Example of the z Test
The story of the doctor tasting tea inspired statisticians to use hypothesis testing as a 
way to understand the many mysteries of human behavior. In this section, we apply 
what we’ve learned about hypothesis testing—including the six steps—to a specific 
example of a z test. (The logic of the z test is a gateway to understanding all statistical 
tests; however, in practice, z tests are rarely used because researchers seldom have one 
sample and know both the mean and the standard deviation of the population.)

EXAMPLE 7.5 New York City was the first U.S. city to require that chain restaurants post calorie counts 
for all menu items. Shortly after the new law was implemented, the research team of 
Bollinger, Leslie, & Sorensen (2010) decided to test the law’s effectiveness. For more than 
a year, they gathered data on every transaction at Starbucks coffee shops in several cities. 
They determined a population mean of 247 calories in products purchased by customers 

at stores without calorie postings. Based on the range of 0 to 
1208 calories in customer transactions, we estimate a standard 
deviation of approximately 201 calories, which we’ll use as the 
population standard deviation for this example.

The researchers also recorded calories for a sample in New 
York City after calories were posted on Starbucks menus. 
They reported a mean of 232 calories per purchase, a decrease 
of 6%. For the purposes of this example, we’ll assume a sample 
size of 1000. Here’s how to apply hypothesis testing when 
comparing a sample of customers at Starbucks with calories 
posted on their menus to the general population of customers 
at Starbucks without calories posted on their menus.

We’ll use the six steps of hypothesis testing to analyze the 
calorie data. These six steps will tell us if customers visiting 
a Starbucks with calories listed on the menu consume fewer 
calories, on average, than customers visiting a Starbucks with-
out calories listed on the menu. In fact, we use the six-step 
approach so often in this book that it won’t be long before it 
becomes an automatic way of thinking for you. Each step in 
the example below is followed by a summary that models how 
to report hypothesis tests.

D
on

na
 R

an
ie

ri

The z Test and Starbucks We only use z tests when we have one 
sample and know the population mean and standard deviation, a rare 
situation. For example, on average, do people consume fewer calories 
when they know how many calories are in their favorite latte and muffin? 
We can use the z test to compare the average numbers of calories that 
Starbucks customers consume when calorie counts are either posted or 
not posted on their menu boards.
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First, we identify the populations, compari-
son distribution, and assumptions, which 
help us to determine the appropriate 

hypothesis test. The populations are (1) all customers at those Starbucks with calories 
posted on the menu (whether or not the customers are in the sample) and (2) all 
customers at those Starbucks without calories posted on the menu. Because we are 
studying a sample rather than an individual, the comparison distribution is a distribu-
tion of means. We compare the mean of the sample of 1000 people visiting those 
Starbucks that have calories posted on the menu (selected from the population of all 
people visiting those Starbucks with calories posted) to a distribution of all possible 
means of samples of 1000 people (selected from the population of all people visiting 
those Starbucks that don’t have calories posted on the menu). The hypothesis test will 
be a z test because we have only one sample and we know the mean and the standard 
deviation of the population from the published norms.

Now let’s examine the assumptions for a z test. (1) The data are on a scale measure, 
calories. (2) We do not know whether sample participants were selected randomly from 
among all people visiting those Starbucks with calories posted on the menu. If they 
were not, the ability to generalize beyond this sample to other Starbucks customers 
would be limited. (3) The comparison distribution should be normal. The individual 
data points are likely to be positively skewed because the minimum score of 0 is much 
closer to the mean of 247 than it is to the maximum score of 1208. However, we have 
a sample size of 1000, which is greater than 30; so based on the central limit theo-
rem, we know that the comparison distribution—the distribution of means—will be 
approximately normal.
Summary: Population 1: All customers at those Starbucks that have calories posted 
on the menu. Population 2: All customers at those Starbucks that don’t have calories 
posted on the menu.

The comparison distribution will be a distribution of means. The hypothesis test will 
be a z test because we have only one sample and we know the population mean and 
standard deviation. This study meets two of the three assumptions and may meet the 
third. The dependent variable is scale. In addition, there are more than 30 participants 
in the sample, indicating that the comparison distribution will be normal. We do not 
know whether the sample was randomly selected, however, so we must be cautious 
when generalizing.

Next we state the null and research hypoth-
eses in words and in symbols. Remember, 
hypotheses are always about populations, not 

samples. In most forms of hypothesis testing, there are two possible sets of hypotheses: 
directional (predicting either an increase or a decrease, but not both) or nondirectional 
(predicting a difference in either direction).

The first possible set of hypotheses is directional. The null hypothesis is that custom-
ers at those Starbucks that have calories posted on the menu do not consume fewer 
mean calories than customers at those Starbucks that don’t have calories posted on the 
menu; in other words, they could consume the same or more mean calories, but not 
fewer. The research hypothesis is that customers at those Starbucks that have calories 
posted on the menu consume fewer mean calories than do customers at Starbucks that 
don’t have calories posted on the menu. (Note that the direction of the hypotheses 
could be reversed.)

The symbol for the null hypothesis is H0. The symbol for the research hypothesis 
is H1. Throughout this text, we use μ for the mean because hypotheses are about 

step 1: Identify the populations, 
distribution, and assumptions.

step 2: State the null and research 
hypotheses.
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 ■ A one-tailed test is a 
hypothesis test in which 
the research hypothesis is 
directional, positing either a 
mean decrease or a mean 
increase in the dependent 
variable, but not both, as a 
result of  the independent 
variable.

 ■ A two-tailed test is a 
hypothesis test in which the 
research hypothesis does 
not indicate a direction of  the 
mean difference or change in 
the dependent variable, but 
merely indicates that there will 
be a mean difference.

Mastering the ConCept ▶

7-3: We conduct a one-tailed test if we 

have a directional hypothesis, such as 

that the sample will have a higher (or 

lower) mean than the population. We use a 

two-tailed test if we have a nondirectional 

hypothesis, such as that the sample will 

have a different mean than the population 

does.

 populations and their parameters, not about samples and their statistics. So, in symbolic 
notation, the hypotheses are:

H0: μ1 ≥ μ2

H1: μ1 < μ2

For the null hypothesis, the symbolic notation says that the mean calories consumed 
by those in population 1, customers at those Starbucks with calories posted on the 
menu, is not lower than the mean calories consumed by those in population 2, custom-
ers at those Starbucks without calories posted on the menu. For the research hypothesis, 
the symbolic notation says that the mean calories consumed by those in population 1 
is lower than the mean calories consumed by those in population 2.

This hypothesis test is considered a one-tailed test. A one-tailed test is a hypothesis test 
in which the research hypothesis is directional, positing either a mean decrease or a mean increase 
in the dependent variable, but not both, as a result of the independent variable. One-tailed 
tests are rarely seen in the research literature; they are used only when the researcher 
is absolutely certain that the effect cannot go in the other direction or the researcher 
would not be interested in the result if it did.

The second set of hypotheses is nondirectional. The null hypothesis states that cus-
tomers at Starbucks with posted calories (whether in the sample or not) consume the 
same number of calories, on average, as customers at Starbucks without posted calories. 
The research hypothesis is that customers at Starbucks with posted calories (whether in 
the sample or not) consume a different average number of calories than do customers 
at Starbucks without posted calories. The means of the two populations are posited to 
be different, but neither mean is predicted to be lower or higher.

The hypotheses in symbols would be:

H0: μ1 = μ2

H1: μ1 ≠ μ2

For the null hypothesis, the symbolic notation says that the mean number of calo-
ries consumed by those in population 1 is the same as the mean number of calories 
consumed by those in population 2. For the research hypothesis, the symbolic notation 
says that the mean number of calories consumed by those in population 1 is different 
from the mean number of calories consumed by those in population 2.

This hypothesis test is considered a two-tailed test. A two-tailed test is a hypothesis 
test in which the research hypothesis does not indicate a direction of the mean difference or 

change in the dependent variable, but merely indicates that there will be a mean 
difference. Two-tailed tests are much more common than are one-tailed 
tests. We will use two-tailed tests throughout this book unless we tell you 
otherwise. If a researcher expects a difference in a certain direction, he 
or she might have a one-tailed hypothesis; however, if the results are in 
the opposite direction, the researcher cannot then switch the direction 
of the hypothesis.
Summary: Null hypothesis: Customers at those Starbucks that have calo-
ries posted on the menu consume the same number of calories, on aver-
age, as do customers at Starbucks that don’t have calories posted on the 
menu—H0: μ1 = μ2. Research hypothesis: Customers at those Starbucks 
that have calories posted on the menu consume a different number of 
calories, on average, than do customers at those Starbucks that don’t have 
calories posted on the menu—H1: μ1 ≠ μ2.
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Now we determine the characteristics that 
describe the distribution with which we 
will compare the sample. For z tests, we 
must know the mean and the standard error 

of the population of scores; the standard error for samples of this size is calculated from 
the standard deviation of the population of scores. Here, the population mean for the 
number of calories consumed by the general population of Starbucks customers is 247, 
and the standard deviation is 201. The sample size is 1000. Because we use a sample 
mean in hypothesis testing, rather than a single score, we must use the standard error 
of the mean instead of the population standard deviation (of the scores). The charac-
teristics of the comparison distribution are determined as follows:

μM = μ = 247

σM =
σ

√N
=

201

√1000
 = 6.356

Summary: μM = 247; σM = 6.356

Next we determine the critical values, or 
cutoffs, to which we can compare the test 
statistic. As stated previously, the research 

convention is to set the cutoffs to a p level of 0.05. For a two-tailed test, this indicates 
the most extreme 5%—that is, the 2.5% at the bottom of the comparison distribution 
and the 2.5% at the top. Because we calculate a test statistic for the sample—specifically 
a z statistic—we report cutoffs in terms of z statistics. We use the z table to determine 
the scores for the top and bottom 2.5%.

We know that 50% of the curve falls above the mean, and we know that 2.5% 
falls above the relevant z statistic. By subtracting (50% − 2.5% = 47.5%), we determine 
that 47.5% of the curve falls between the mean and the relevant z statistic. When we 
look up this percentage on the z table, we find a z statistic of 1.96. So the critical values 
are −1.96 and 1.96 (Figure 7-10).

step 3: Determine the characteristics 
of the comparison 
distribution.

step 4: Determine the critical values, 
or cutoffs.

0�1�2�3 1

1.96�1.96

2 3

2.50% 2.50%

47.50%

FIGURE 7-10
Determining Critical Values for a z Distribution

We typically determine critical values in terms of z statistics so we can easily compare a test statistic to determine 
whether it is beyond the critical values. Here z scores of −1.96 and 1.96 indicate the most extreme 5% of the 
distribution, 2.5% in each tail.
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If the test statistic is not beyond the cutoffs, we fail to reject the null hypothesis. This 
means that we can only conclude that there is no evidence from this study to support 
the research hypothesis. There might be a real mean difference that is not extreme 
enough to be picked up by the hypothesis test. We just can’t know.
Summary: We reject the null hypothesis. It appears that fewer calories are consumed, on 
average, by customers at Starbucks that post calories on the menus than by customers 
at Starbucks that do not post calories on the menu.

The researchers who conducted this study concluded that the posting of calo-
ries by restaurants does indeed seem to be beneficial. The 6% reduction may seem 
small, they admit, but they report that the reduction was larger—a 26% decrease in 
 calories—among those consuming 250 or more calories per visit and among those 
making food purchases. Also, the researchers theorized that given data such as these, 
chains might respond by adding lower-calorie choices, leading to further reductions in 
average  calories consumed. ■

In step 5, we calculate the test statistic, in 
this case a z statistic, to find out what the 

data really say. We use the mean and standard error calculated in step 3:

z =
(M − μM)

σM
=

(232 − 247)

6.356
= −2.36

Summary: z =
(232 − 247)

6.356
= −2.36

Finally, we compare the test statistic to the 
critical values. We add the test statistic to the 

drawing of the curve that includes the critical z statistics (Figure 7-11). If the test sta-
tistic is in the critical region, we can reject the null hypothesis. In this example, the test 
statistic, −2.36, is in the critical region, so we reject the null hypothesis. An examination 
of the means tells us that the mean number of calories consumed by customers at those 
Starbucks with calories posted on the menu is lower than the mean number of calories 
consumed by customers at those Starbucks with no calories posted. So, even though we 
had nondirectional hypotheses, we can report the direction of the finding—that is, it 
appears that customers consume fewer calories, on average, at Starbucks that post calories 
on the menu than at Starbucks that do not post calories on the menu.

step 5: Calculate the test statistic.

step 6: Make a decision.

0�1�2�3 1

1.96�1.96

2 3

�2.36

FIGURE 7-11
Making a Decision

To decide whether to reject the null 
hypothesis, we compare the test 

statistic to the critical values. In this 
instance, the z score of −2.36 is 

beyond the critical value of −1.96, so 
we reject the null hypothesis. Customers 
at those Starbucks with calories posted 

on the menu consume fewer calories, 
on average, than do customers at those 

Starbucks without posted calories.

Summary: The cutoff z statistics are −1.96 and 1.96.
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reVieW oF ConCepts
The z Table
The z table has several uses when the data are distributed normally. If we know an 
individual raw score, we can convert it to a z statistic and then determine percentages 
above, below, or at least as extreme as this score. Alternatively, if we know a percentage, 
we can look up a z statistic on the table and then convert it to a raw score. The table 
can be used in the same way with means instead of scores.

The Assumptions and Steps of Hypothesis Testing
Assumptions are the criteria that are met, ideally, before a hypothesis test is conducted. 
Parametric tests are those that require assumptions about the population, whereas 
 nonparametric tests are those that do not. Three basic assumptions apply to many para-
metric hypothesis tests—the dependent variable should be on a scale measure, the data 
should be from a randomly selected sample, and the population distribution should be 
normal (or there should be at least 30 scores in the sample). A robust hypothesis test is 
one that produces valid results even when all assumptions are not met.

There are six steps that apply to every hypothesis test. First, determine the 
 populations, comparison distribution, and assumptions. This step helps us to choose 
the appropriate hypothesis test from the diagram in Appendix E, Figure E-1. Second, 

CheCK YoUr Learning
Reviewing the Concepts > We conduct a z test when we have one sample and we know both the mean and the 

standard deviation of the population.

> We must decide whether to use a one-tailed test, in which the hypothesis is directional, or 
a two-tailed test, in which the hypothesis is nondirectional.

> One-tailed tests are rare in the research literature. 

Clarifying the Concepts 7-11 What does it mean to say a test is directional or nondirectional?

Calculating the Statistics 7-12 Calculate the characteristics ( μM and σM) of a comparison distribution for a sample 
mean based on 53 participants when the population has a mean of 1090 and a standard 
deviation of 87.

 7-13 Calculate the z statistic for a sample mean of 1094 based on the sample of 53 people 
when μ = 1090 and σ = 87.

Applying the Concepts 7-14 According to the Web site for the Coffee Research Institute (http://www.
coffeeresearch.org/market/usa.htm), the average coffee drinker in the United States 
consumes 3.1 cups of coffee daily. Let’s assume the population standard deviation is 
0.9 cup. Jillian decides to study coffee consumption at her local coffee shop. She wants 
to know if people sitting and working in a coffee shop drink a different amount of 
coffee from what might be expected in the general U.S. population. Throughout the 
course of 2 weeks, she collects data on 34 people who spend most of the day at the 
coffee shop. The average number of cups consumed by this sample is 3.17 cups. Use 
the six steps of hypothesis testing to determine whether Jillian’s sample is statistically 
significantly different from the population mean.

Solutions to these Check Your 
Learning questions can be found in 
Appendix D.
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state the null and research hypotheses. Third, determine the characteristics of the com-
parison distribution to be used to calculate the test statistic. Fourth, determine the 
critical values, or cutoffs, usually based on a p level, or alpha, of 0.05, that demarcate 
the most extreme 5% of the comparison distribution, the critical region. Fifth, calculate 
the test statistic. Sixth, use that test statistic to decide to reject or fail to reject the null 
hypothesis. We deem a finding statistically significant when we reject the null hypothesis.

An Example of the z Test
z tests are conducted in the rare cases in which we have one sample and we know the 
mean and the standard deviation of the population. We must decide whether to use a 
one-tailed test, in which the hypotheses are directional, or a two-tailed test, in which the 
hypotheses are nondirectional.

SPSS®

SPSS can be used to transform raw data from different scales 
into standardized data on one scale based on the z distribu-
tion, allowing us to look at standardized scores instead of raw 
scores. We can try this using the numbers of first- or second-
place finishes for countries that participated in the World Cup 
from Chapter 2. The data are: 10, 8, 6, 4, 3, 3, 2, 2, 2, 2, 2, 2, 1, 
1, 1, and 1. In addition, 64 countries had 0 first- or second-
place finishes. Enter the 80 data points in one column in SPSS. 
We titled the column “top_finishes.”

To standardize the variable “top_finishes,” select:  Analyze → 
Descriptive Statistics → Descriptives. Select the relevant vari-
able by clicking it on the left side, then clicking the arrow 
to move it to the right. Check the “Save standardized values 
as variables” box and click “OK.” Part of the new column of 
standardized variables under the  heading “Ztop_finishes” is in 
the accompanying screenshot.
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How It Works
7.1 TRANSITIONING FROM RAW SCORES TO z SCORES 
AND PERCENTILES
Physician assistants (PAs) are increasingly central to the health care system in many coun-
tries. Students who graduated from U.S. PA programs reported their income (American 
Academy of Physician Assistants, 2005). The incomes of those working in emergency 
medicine had a mean of $76,553, a standard deviation of $14,001, and a median of $74,044. 
The incomes of those working in family/general medicine had a mean of $63,521, a stan-
dard deviation of $11,554, and a median of $62,935. How can we compare the income 
of Gabrielle, who earns $75,500 a year in emergency medicine, with that of Colin, who 
earns $64,300 a year in family/general medicine?

The z distribution should only be used with individual scores if the distribution is 
approximately normal, as seems to be the case here. For both distributions of incomes, the 
medians are relatively close to the means of their own distributions, suggesting that the 
distributions are not skewed. Additionally, the standard deviations are not large compared to 
the size of the respective means, which suggests that outliers are not inflating the standard 
deviation, which would indicate skew.

From the information we have, we can calculate Gabrielle’s z score and her percentile 
on income—that is, the percentage of PAs working in emergency medicine who make 
less than she does. Her z score is:

z =
(X − μ)

σ
=

(75,500 − 76,553)

14,001
= −0.08

The z table tells us that 3.19% of people fall between Gabrielle’s income and the mean. 
Because her score is below the mean, we calculate 50% − 3.19% = 46.81%. Gabrielle’s 
income is in the 46.81st percentile for PAs working in emergency medicine.

Colin’s z score is:

z =
(X − μ)

σ
=

(64,300 − 63,521)

11,554
 = 0.07

The z table tells us that 2.79% of people fall between Colin’s income and the mean. 
Because his score is above the mean, we calculate 50% + 2.79% = 52.79%. Colin’s income 
is in the 52.79th percentile for PAs working in general medicine.

Relative to those in their chosen fields, Colin is doing better financially than Gabri-
elle. Colin’s z score of 0.07, which is above the mean for general medicine PAs, is greater 
than Gabrielle’s z score of 20.08, which is below the mean for emergency medicine PAs. 
Similarly, Colin’s income is at about the 53rd percentile, whereas Gabrielle’s income is at 
about the 47th percentile.

7.2 CONDUCTING A z TEST
Summary data from the Consideration of Future Consequences (CFC) scale found a mean 
CFC score of 3.20 with a standard deviation of 0.70 for a large sample (Adams, 2012). (For 
the sake of this example, let’s assume that this sample comprises the entire population of 
interest.) You wonder whether students who joined a career discussion group might have 
different CFC scores compared with those of the population. Forty-five students in your 
psychology department attended these discussion groups and then completed the CFC 
scale. The mean for this group is 3.45. From this information, how can we conduct all six 
steps of a two-tailed z test with a p level of 0.05?

step 1: Population 1: All students who participated in career discussion groups.  Population 2: 
All students who did not participate in career discussion groups.

  The comparison distribution will be a distribution of means. The hypothesis 
test will be a z test because we have only one sample and we know the population 
mean and standard deviation. This study meets two of the three assumptions but 
does not seem to meet the third. The dependent variable is on a scale measure. 
In addition, there are more than 30 participants in the sample, indicating that the 
comparison distribution will be normal. The data were not randomly selected, 
however, so we must be cautious when generalizing.
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step 2: Null hypothesis: Students who participated in career discussion groups had 
the same mean CFC scores as students who did not participate: H0: μ1 = μ2. 
Research hypothesis: Students who participated in career discussion groups had 
mean CFC scores that differed from those of students who did not participate: 
H1: μ1 ≠ μ2.

step 3: μM = μ = 3.20; σM =
σ

√N
=

0.70

√45
= 0.104

step 4: The critical z statistics are −1.96 and 1.96.

step 5: z =
(M − μM)

σM
=

(3.45 − 3.20)

0.104
 =   2.40

step 6: Reject the null hypothesis. It appears that students who participate in  career 
 discussions have higher mean CFC scores than do students who do not 
 participate.

Exercises
Clarifying the Concepts

 7.1 What is a percentile?

 7.2 When we look up a z score on the z table, what 
 information can we report?

 7.3 How do we calculate the percentage of scores below a 
particular positive z score?

 7.4 How is calculating a percentile for a mean from a 
 distribution of means different from doing so for a 
score from a distribution of scores?

 7.5 In statistics, what do we mean by assumptions?

 7.6 What sample size is recommended in order to meet 
the assumption of a normal distribution of means, 
even when the underlying population of scores is not 
normal?

 7.7 What is the difference between parametric tests and 
nonparametric tests?

 7.8 What are the six steps of hypothesis testing?

 7.9 What are critical values and the critical region?

 7.10 What is the standard size of the critical region used by 
most statisticians?

 7.11 What does statistically significant mean to statisticians?

 7.12 What do these symbolic expressions mean: H0: μ1 = μ2 
and H1: μ1 ≠ μ2?

 7.13 Using everyday language rather than statistical language, 
explain why the words critical region might have been 
chosen to define the area in which a z statistic must fall 
in order for a researcher to reject the null hypothesis.

 7.14 Using everyday language rather than statistical language, 
explain why the word cutoff might have been chosen 
to define the point beyond which we reject the null 
hypothesis.

 7.15 What is the difference between a one-tailed hypothesis 
test and a two-tailed hypothesis test in terms of critical 
regions?

 7.16 Why do researchers typically use a two-tailed test rather 
than a one-tailed test?

 7.17 Write the symbols for the null hypothesis and research 
hypothesis for a one-tailed test.

Calculating the Statistics

 7.18 Calculate the following percentages for a z score of 
−1.61, with a tail of 5.37%: 

a. What percentage of scores falls above this z score?

b. What percentage of scores falls between the mean 
and this z score?

c. What proportion of scores falls above a z score of 
1.61?

 7.19 Calculate the following percentages for a z score of 
0.74, with a tail of 22.96%: 

a. What percentage of scores falls below this z score?

b. What percentage of scores falls between the mean 
and this z score?

c. What proportion of scores falls below a z score of 
−0.74?

 7.20 Using the z table in Appendix B, calculate the follow-
ing percentages for a z score of −0.08: 

a. Above this z score

b. Below this z score

c. At least as extreme as this z score

 7.21 Using the z table in Appendix B, calculate the follow-
ing percentages for a z score of 1.71:

a. Above this z score
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b. Below this z score

c. At least as extreme as this z score

 7.22 Rewrite each of the following percentages as prob-
abilities, or p levels: 

a. 5%

b. 83%

c. 51%

 7.23 Rewrite each of the following probabilities, or p levels, 
as percentages: 

a. 0.19

b. 0.04

c. 0.92

 7.24 If the critical values for a hypothesis test occur where 
2.5% of the distribution is in each tail, what are the 
cutoffs for z? 

 7.25 For each of the following p levels, what percentage of 
the data will be in each critical region for a two-tailed 
test? 

a. 0.05

b. 0.10

c. 0.01

 7.26 State the percentage of scores in a one-tailed critical 
region for each of the following p levels: 

a. 0.05

b. 0.10

c. 0.01

 7.27 You are conducting a z test on a sample of 50 people 
with an average SAT verbal score of 542 (assume 
we know the population mean to be 500 and the 
 standard deviation to be 100). Calculate the mean 
and the spread of the comparison distribution ( μM 
and σM). 

 7.28 You are conducting a z test on a sample of 132 people 
for whom you observed a mean SAT verbal score of 
490. The population mean is 500, and the standard 
deviation is 100. Calculate the mean and the spread of 
the comparison distribution ( μM and σM). 

 7.29 If the cutoffs for a z test are −1.96 and 1.96, deter-
mine whether you would reject or fail to reject the null 
hypothesis in each of the following cases: 

a. z = 1.06

b. z = −2.06

c. A z score beyond which 7% of the data fall in 
each tail

 7.30 If the cutoffs for a z test are −2.58 and 2.58, deter-
mine whether you would reject or fail to reject the null 
hypothesis in each of the following cases: 

a. z = −0.94

b. z = 2.12

c. A z score for which 49.6% of the data fall between 
z and the mean

 7.31 Use the cutoffs of −1.65 and 1.65 and a p level of 
approximately 0.10, or 10%. For each of the following 
values, determine whether you would reject or fail to 
reject the null hypothesis: 

a. z = 0.95

b. z = −1.77

c. A z statistic that 2% of the scores fall above 

 7.32 You are conducting a z test on a sample for which you 
observe a mean weight of 150 pounds. The population 
mean is 160, and the standard deviation is 100. 

a. Calculate a z statistic for a sample of 30 people.

b. Repeat part (a) for a sample of 300 people.

c. Repeat part (a) for a sample of 3000 people.

Applying the Concepts

 7.33 Percentiles and unemployment rates: The U.S. 
Bureau of Labor Statistics’ annual report published in 
2011 provided adjusted unemployment rates for 10 
countries. The mean was 7, and the standard deviation 
was 1.85. For the following calculations, treat 7 as the 
population mean and 1.85 as the population standard 
deviation. 

a. Australia’s unemployment rate was 5.4. Calculate 
the percentile for Australia—that is, what percent-
age is less than that of Australia?

b. The United Kingdom’s unemployment rate was 
8.5. Calculate its percentile—that is, what percent-
age is less than that of the United Kingdom?

c. The unemployment rate in the United States was 
8.9. Calculate its percentile—that is, what percent-
age is less than that of the United States?

d. The unemployment rate in Canada was 6.5. 
 Calculate its percentile—that is, what percentage is 
less than that of Canada?

 7.34 Height and the z distribution, question 1: Elena, 
a 15-year-old girl, is 58 inches tall. Based on what we 
know, the average height for girls at this age is 63.80 
inches, with a standard deviation of 2.66 inches. 

a. Calculate Elena’s z score.

b. What percentage of girls are taller than Elena?

c. What percentage of girls are shorter?

d. How much would Elena have to grow to be per-
fectly average?

e. If Sarah is in the 75th percentile for height at 
age 15, how tall is she?

f. How much would Elena have to grow in order to 
be at the 75th percentile with Sarah?
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 7.35 Height and the z distribution, question 2: Kona, 
a 15-year-old boy, is 72 inches tall. According to the 
CDC, the average height for boys at this age is 67.00 
inches, with a standard deviation of 3.19 inches. 

a. Calculate Kona’s z score.

b. What is Kona’s percentile score for height?

c. What percentage of boys this age are shorter than 
Kona?

d. What percentage of heights are at least as extreme 
as Kona’s, in either direction?

e. If Ian is in the 30th percentile for height as a 
15-year-old boy, how tall is he? How does he com-
pare to Kona?

 7.36 Height and the z statistic, question 1: Imagine a 
class of thirty-three 15-year-old girls with an average 
height of 62.6 inches. Remember, μ = 63.8 inches and 
σ = 2.66 inches. 

a. Calculate the z statistic.

b. How does this sample of girls compare to the dis-
tribution of sample means?

c. What is the percentile rank for this sample?

 7.37 Height and the z statistic, question 2: Imagine 
a basketball team comprised of thirteen 15-year-old 
boys. The average height of the team is 69.5 inches. 
Remember, μ = 67 inches and σ = 3.19 inches.

a. Calculate the z statistic. 

b. How does this sample of boys compare to the 
 distribution of sample means?

c. What is the percentile rank for this sample?

 7.38 The z distribution and statistics test scores: 
Imagine that your statistics professor lost all records 
of students’ raw scores on a recent test. However, 
she did record students’ z scores for the test, as well 
as the class average of 41 out of 50 points and the 
 standard deviation of 3 points (treat these as popula-
tion parameters). She informs you that your z score 
was 1.10. 

a. What was your percentile score on this test?

b. Using what you know about z scores and percen-
tiles, how did you do on this test?

c. What was your original test score?

 7.39 The z statistic, distributions of means, and height, 
question 1: Using what we know about the height of 
15-year-old girls (again, μ = 63.8 inches and σ = 2.66 
inches), imagine that a teacher finds the average height 
of 14 female students in one of her classes to be 62.4 
inches. 

a. Calculate the mean and the standard error of the 
distribution of mean heights.

b. Calculate the z statistic for this group.

c. What percentage of mean heights, based on a 
sample size of 14 students, would we expect to be 
shorter than this group?

d. How often do mean heights equal to or more 
extreme than this size occur in this population?

e. If statisticians define sample means that occur less 
than 5% of the time as “special” or rare, what would 
you say about this result?

 7.40 The z statistic, distributions of means, and height, 
question 2: Another teacher decides to average the 
heights of all 15-year-old male students in his classes 
throughout the day. By the end of the day, he has mea-
sured the heights of 57 boys and calculated an average 
of 68.1 inches (remember, for this population μ = 67 
inches and σ = 3.19 inches). 

a. Calculate the mean and the standard error of the 
distribution of mean heights.

b. Calculate the z statistic for this group.

c. What percentage of groups of people would we 
expect to have mean heights, based on samples of 
this size (57), taller than this group?

d. How often do mean heights equal to or more 
extreme than 68.1 occur in this population?

e. How does this result compare to the statistical sig-
nificance cutoff of 5%?

 7.41 Directional versus nondirectional hypotheses: For 
each of the following examples, identify whether the 
research has expressed a directional or a nondirectional 
hypothesis: 

a. A researcher is interested in studying the relation 
between the use of antibacterial products and the 
dryness of people’s skin. He thinks these products 
might alter the moisture in skin differently from 
other products that are not antibacterial.

b. A student wonders if grades in a class are in any way 
related to where a student sits in the classroom. In 
particular, do students who sit in the front row get 
better grades, on average, than the general popula-
tion of students?

c. Cell phones are everywhere, and we are now avail-
able by phone almost all of the time. Does this 
translate into a change in the closeness of our long-
distance relationships?

 7.42 Null hypotheses and research hypotheses: For 
each of the following examples (the same as those 
in Exercise 7.41), state the null hypothesis and the 
research hypothesis, in both words and symbolic 
notation: 

a. A researcher is interested in studying the relation 
between the use of antibacterial products and the 
dryness of people’s skin. He thinks these products 
might alter the moisture in skin differently from 
other products that are not antibacterial.
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b. A student wonders if grades in a class are in any way 
related to where a student sits in the classroom. In 
particular, do students who sit in the front row get 
better grades, on average, than the general popula-
tion of students?

c. Cell phones are everywhere, and we are now avail-
able by phone almost all of the time. Does this 
translate into a change in the closeness of our long-
distance relationships?

 7.43 The z distribution and Hurricane Katrina: Hurri-
cane Katrina hit New Orleans on August 29, 2005. The 
National Weather Service Forecast Office maintains 
online archives of climate data for all U.S. cities and 
areas. These archives allow us to find out, for example, 
how the rainfall in New Orleans that August compared 
to that in the other months of 2005. The table below 
shows the National Weather Service data (rainfall in 
inches) for New Orleans in 2005. 

January 4.41

February 8.24

March 4.69

April 3.31

May 4.07

June 2.52

July 10.65

August 3.77

September 4.07

October 0.04

November 0.75

December 3.32

a. Calculate the z score for August, the month in 
which Hurricane Katrina hit. (Note: These are raw 
data for the population, rather than summaries, so 
you have to calculate the mean and the standard 
deviation first.)

b. What is the percentile for the rainfall in August? 
Does this surprise you? Explain.

c. When results surprise us, it is worthwhile to exam-
ine individual data points more closely or even to 
go beyond the data. The daily climate data as listed 
by this source for August 2005 shows the code “M” 
next to August 29, 30, and 31 for all climate sta-
tistics. The code says: “[REMARKS] ALL DATA 
MISSING AUGUST 29, 30, AND 31 DUE TO 
HURRICANE KATRINA.” Pretend you were 
hired as a consultant to determine the percentile 
for that August. Write a brief paragraph for your 
report, explaining why the data you generated are 
likely to be inaccurate.

d. What raw scores mark the cutoff for the top and 
bottom 10% for these data? Based on these scores, 
which months had extreme data for 2005? Why 
should we not trust these data?

 7.44 Steps 1 and 2 of hypothesis testing for a study 
of the Wechsler Adult Intelligence Scale-Revised: 
Boone (1992) examined scores on the Wechsler Adult 
Intelligence Scale-Revised (WAIS-R) for 150 adult 
psychiatric inpatients. He determined the “intrasubtest 
scatter” score for each inpatient. Intrasubtest scatter refers 
to patterns of responses in which respondents are almost 
as likely to get easy questions wrong as hard ones. In 
the WAIS-R, we expect more wrong answers near the 
end, as the questions become more difficult, so high 
levels of intrasubtest scatter would be an unusual pattern 
of responses. Boone wondered if psychiatric patients 
have different response patterns than nonpatients have. 
He compared the intrasubtest scatter for 150 patients 
to population data from the WAIS-R standardization 
group. Assume that he had access both to means and 
standard deviations for this population. Boone reported 
that “the standardization group’s intrasubtest scatter was 
significantly greater than those reported for the psychiat-
ric inpatients” and concluded that such scatter is normal. 

a. What are the two populations?

b. What would the comparison distribution be? 
Explain.

c. What hypothesis test would you use? Explain.

d. Check the assumptions for this hypothesis test. 
Label your answers (1) through (3).

e. What does Boone mean when he says significantly?

f. State the null and research hypotheses for a two-
tailed test in both words and symbols.

g. Imagine that you wanted to replicate this study. 
Based on the findings described in this exercise, 
state the null and research hypotheses for a one-
tailed test in both words and symbols.

 7.45 Step 1 of hypothesis testing for a study of college 
football: Let’s consider whether U.S. college football 
teams are more likely or less likely to be mismatched 
in the upper National Collegiate Athletic Association 
(NCAA) divisions. Overall, the 53 Football Bowl Sub-
division (FBS) games (the highest division) had a mean 
spread (winning score minus losing score) of 16.189 in 
a particular week, with a standard deviation of 12.128. 
We took a sample of 4 games that were played that 
week in the next-highest league, the Football Cham-
pionship Subdivision (FCS), to see if the mean spread 
was different; one of the many leagues within the FCS, 
the Patriot League, played 4 games that weekend. 

a. List the independent variable and the dependent 
variable in this example.

b. Did we use random selection? Explain.
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c. Identify the populations of interest in this example.

d. State the comparison distribution.

e. Check the assumptions for this test.

 7.46 Steps 2 through 6 of hypothesis testing for a 
study of college football: Refer to the scenario 
described in Exercise 7.45. 

a. State the null hypothesis and the research hypoth-
esis for a two-tailed test in both words and symbols.

b. One of our students hypothesized that the spread 
would be bigger among the FCS teams because 
“some of them are really bad and would get 
crushed.” State the one-tailed null hypothesis and 
research hypothesis, based on our student’s predic-
tion, in both words and symbols.

c. Conduct steps 3 through 6 of hypothesis testing. 
(You already conducted step 1 in Exercise 7.45, and 
step 2 above.) Remember, the population mean is 
16.189, with a standard deviation of 12.128. The 
results for the four FCS Patriot League games are 
as follows: 

 Holy Cross, 27/Bucknell, 10

  Lehigh, 23/Colgate, 15

  Lafayette, 31/Fordham, 24

  Georgetown, 24/Marist, 21

d. Would you be willing to generalize these findings 
beyond the sample? Explain.

 7.47 Passwords, red heads, and a z test: The BBC 
reported that red-haired women were more likely 
than others to choose strong passwords (Ward, 2013). 
How might a researcher study this? Computer scientist 
Cynthia Kuo and her colleagues conducted a study in 
which they gave passwords a score, with higher scores 
going to passwords that are not in “password crack dic-
tionaries” that are used by hackers, that are longer, and 
that use a mix of letters, numbers, and symbols (2006). 
They found a mean score of 15.7 with a standard devia-
tion of 7.3. For the purposes of this exercise, treat these 
numbers as the population parameters. Based on your 
knowledge of the z test, explain how you might design 
a study to test the hypothesis that red-haired women 
create stronger passwords than others. 

Putting It All Together

 7.48 The Graded Naming Test and sociocultural 
 differences: Researchers often use z tests to  compare 
their samples to known population norms. The Graded 
Naming Test (GNT) asks respondents to name objects 
in a set of 30 black-and-white drawings. The test, often 
used to detect brain damage, starts with easy words 
like kangaroo and gets progressively more difficult, end-
ing with words like sextant. The GNT population 
norm for adults in England is 20.4. Roberts (2003) 

wondered whether a sample of Canadian adults had 
different scores than adults in England. If they were 
different, the English norms would not be valid for 
use in Canada. The mean for 30 Canadian adults was 
17.5. For the purposes of this exercise, assume that the 
standard deviation of the adults in England is 3.2. 

a. Conduct all six steps of a z test. Be sure to label all 
six steps.

b. Some words on the GNT are more commonly 
used in England. For example, a mitre, the headpiece 
worn by bishops, is worn by the archbishop of Can-
terbury in public ceremonies in England. No Cana-
dian participant correctly responded to this item, 
whereas 55% of English adults correctly responded. 
Explain why we should be cautious about applying 
norms to people different from those on whom the 
test was normed.

c. When we conduct a one-tailed test instead of a 
two-tailed test, there are small changes in steps 2 
and 4 of hypothesis testing. (Note: For this example, 
assume that those from populations other than the 
one on which it was normed will score lower, on 
average. That is, hypothesize that the Canadians will 
have a lower mean.) Conduct steps 2, 4, and 6 of 
hypothesis testing for a one-tailed test.

d. Under which circumstance—a one-tailed or a two-
tailed test—is it easier to reject the null hypothesis? 
Explain.

e. If it becomes easier to reject the null hypothesis 
under one type of test (one-tailed versus two-
tailed), does this mean that there is a bigger differ-
ence between the groups with a one-tailed test than 
with a two-tailed test? Explain.

f. When we change the p level that we use as a cut-
off, there is a small change in step 4 of hypothesis 
testing. Although 0.05 is the most commonly used 
p  level, other values, such as 0.01, are often used. 
For this example, conduct steps 4 and 6 of hypoth-
esis testing for a two-tailed test and p level of 0.01, 
determining the cutoff and drawing the curve.

g. With which p level—0.05 or 0.01—is it easiest to 
reject the null hypothesis? Explain.

h. If it is easier to reject the null hypothesis with cer-
tain p levels, does this mean that there is a bigger 
difference between the samples with one p level 
versus the other p level? Explain.

 7.49 Patient adherence and orthodontics: A research 
report (Behenam & Pooya, 2007) begins, “There is 
probably no other area of health care that requires…
cooperation to the extent that orthodontics does,” and 
explores factors that affected the number of hours per 
day that Iranian patients wore their orthodontic appli-
ances. The patients in the study reported that they used 
their appliances, on average, 14.78 hours per day, with 
a standard deviation of 5.31. We’ll treat this group as 
the population for the purposes of this example. Let’s 
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say a researcher wanted to study whether a video with 
information about orthodontics led to an increase in 
the amount of time patients wore their appliances, but 
decided to use a two-tailed test to be conservative. Let’s 
say he studied the next 15 patients at his clinic, asked 
them to watch the video, and then found that they 
wore their appliances, on average, 17 hours per day. 

a. What is the independent variable? What is the 
dependent variable?

b. Did the researcher use random selection to choose 
his sample? Explain your answer.

c. Conduct all six steps of hypothesis testing. Be sure 
to label all six steps.

d. If the researcher’s decision in step 6 were wrong, 
what type of error would he have made? Explain 
your answer.

 7.50 Radiation levels on Japanese farms: Fackler (2012) 
reported in the New York Times that Japanese farmers 
have become skeptical of the Japanese government’s 

assurances that radiation levels were within legal limits 
in the wake of the 2011 tsunami and radiation disaster 
at Fukushima. After reports of safe levels in Onami, 
more than 12 concerned farmers tested their crops and 
found dangerously high levels of cesium. 

a. If the farmers wanted to conduct a z test compar-
ing their results to the cesium levels found in areas 
that had not been exposed to the radiation, what 
would their sample be? Be specific.

b. Conduct step 1 of hypothesis testing.

c. Conduct step 2 of hypothesis testing.

d. Conduct step 4 of hypothesis testing for a two-
tailed test and a p level of 0.05.

e. Imagine that the farmers calculated a z statistic of 
3.2 for their sample. Conduct step 6 of hypothesis 
testing.

f. If the farmers’ conclusions were incorrect, what 
type of error would they have made? Explain your 
answer.

Terms
assumption (p. 166)
parametric test (p. 167)
nonparametric test (p. 167)
robust (p. 167)

critical value (p. 168)
critical region (p. 168)
p level (p. 168)
statistically significant (p. 168)

one-tailed test (p. 172)
two-tailed test (p. 172)

Symbols
H0  (p. 171)
H1  (p. 171)
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