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CHAPTER 8: Hypothesis Testing 

 
In this chapter we will learn …. 
 

 To use an inferential method called a hypothesis test 
 To analyze evidence that data provide 
 To make decisions based on data 

 

Major Methods for Making Statistical Inferences about a 
Population 
 

 The traditional Method 
 The p-value Method 
 Confidence Interval 
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Section 8-1: Steps in Hypothesis Testing – Traditional Method 

 
The main goal in many research studies is to check whether the 
data collected support certain statements or predictions. 
 
Statistical Hypothesis – a conjecture about a population 
parameter.  This conjecture may or may not be true. 
 
Example: The mean income for a resident of Denver is equal to 
the mean income for a resident of Seattle. 
 

 Population parameter is mean income 
 One population consists of residents of Denver while the 

other consists of residents of Seattle.  
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There are two types of statistical hypotheses:  
 
Null Hypothesis (H0) – a statistical hypothesis that states that 
there is no difference between a parameter and a specific value, 
or that there is no difference between two parameters.  
  
Alternative Hypothesis (H1) – a statistical hypothesis that 
states the existence of a difference between a parameter and a 
specific value, or states that there is a difference between two 
parameters. 
 
Can you formulate a null and alternative hypothesis for the income 
example? 



 

CH8: Hypothesis Testing  Santorico - Page 272 

 

We tend to want to reject the null hypothesis so we assume it is 
true and look for enough evidence to conclude it is incorrect. 
 
We tend to want to accept the alternative hypothesis. If the null 
hypothesis is rejected then we must accept that the alternative 
hypothesis is true. 
 
Note: H0 will ALWAYS have an equal sign (and possibly a less 
than or greater than symbol, depending on the alternative 
hypothesis). The alternative hypothesis has a range of values 
that are alternatives to the one in     



H0. 
 
The null and alternative hypotheses are stated together.  The 
following are typical hypothesis for means, where k is a specified 
number. 
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Note:  Right-tailed and left-tailed tests are distinguished by the 
way the greater than or less than points. It is the direction where 
are alterative places the true mean.

k 
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Examples: State the     



H0 and     



H1  for each case. 
 
A researcher thinks that if expectant mothers use vitamins, the 
birth weight of the babies will increase. The average birth weight 
of the population is 8.6 pounds. 
 
 H0:  = 8.6     H1:  > 8.6 
 
 
An engineer hypothesizes that the mean number of defects can 
be decreased in a manufacturing process of compact disks by 
using robots instead of humans for certain tasks. The mean 
number of defective disks per 1000 is 18. 
 

    



H0 :          



H1 : 
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A psychologist feels that playing soft music during a test will 
change the results of the test. The psychologist is not sure 
whether the grades will be higher or lower.  In the past, the 
mean of the scores was 73. 
 

    



H0 :          



H1 : 
 
 
 
When a researcher conducts a study, he or she is generally 
looking for evidence to support a claim of some type of 
difference.  In this case, the claim should be stated as the 
alternative hypothesis.  Because of this, the alternative 
hypothesis is sometimes called the research hypothesis. 
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Keywords help to indicate what the null and/or alternative 
hypotheses should be. 
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After stating the hypotheses, the researcher designs the study. 
 

 Select the correct statistical test 
 Choose an appropriate level of significance 
 Formulate a plan for conducting the study 

 
Statistical Test – uses the data obtained from a sample to make 
a decision about whether the null hypothesis should be rejected. 
 
Test Value (test statistic) – the numerical value obtained from a 
statistical test. 
 
**Each statistical test that we will look at will have a different formula for calculating the test value. 
 
In reality, the null hypothesis may or may not be true, and a decision is made to reject or not reject it on the basis of the data obtained from a sample.  Below 
are the four possible outcomes. 
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When we make a conclusion from a statistical test there are 
two types of errors that we could make. They are called:  
Type I and Type II Errors 
 

Type I error – reject H0 when H0 is true. 
  

Type II error – do not reject H0 when H0 is false. 
 

Results of a statistical test:  
 

     



H0 is True     



H0 is False 

Reject     



H0 
Type I  
Error 

Correct  
Decision 

Do not Reject     



H0 
Correct  
Decision 

Type II   
Error 
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Example: Decision Errors in a Legal Trial .  What are     



H0 and     



H1? 

 
 
H0: Defendant is innocent.  
H1: Defendant is not innocent, i.e., guilty
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If you are the defendant, which is the worse error?  Why? 
 

 The decision of the jury does not prove that the defendant 
did or did not commit the crime.   

 The decision is based on the evidence presented.   
 If the evidence is strong enough the defendant will be 

convicted in most cases, if it is weak the defendant will be 
acquitted.   

 So the decision to reject the null hypothesis does not prove 
anything.   
 

 The question is how large of a difference is enough 
to say we have enough evidence to reject the null 
hypothesis? 
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Significance level - is the maximum probability of committing a 
Type I error.  This probability is symbolized by



.  

    



P(Type I error| H0 is true) 
 
Critical or Rejection Region – the range of values for the test 
value that indicate a significant difference and that the null 
hypothesis should be rejected. 
 
Non-critical or Non-rejection Region – the range of values for 
the test value that indicates that the difference was probably due 
to chance and that the null hypothesis should not be rejected. 
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Critical Value (CV) – separates the critical region from the 
non-critical region, i.e., when we should reject H0 from 
when we should not reject H0. 
 

 The location of the critical value depends on the 
inequality sign of the alternative hypothesis. 
 

 Depending on the distribution of the test value, you 
will use different tables to find the critical value. 
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One-tailed test – indicates that the null 

hypothesis should be rejected when the 

test value is in the critical region on one 

side. 

 

 Left-tailed test – when the 

critical region is on the left side 

of the distribution of the test 

value. 

 

 Right-tailed test – when the 

critical region is on the right side 

of the distribution of the test 

value. 

 

Two-tailed test – the null hypothesis 

should be rejected when the test value is 

in either of two critical regions on either 

side of the distribution of the test value. 
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To obtain the critical value, the researcher must choose the 
significance level, 



, and know the distribution of the test value. 
 

 The distribution of the test value indicates the shape of the 
distribution curve for the test value.  This will have a shape 
that we know (like the standard normal or t distribution). 

 Let’s assume that the test value has a standard normal 
distribution. 

 We should use Table E (the standard normal table) or Table 
F (using the bottom row of the t distribution, which is 
equivalent to a standard normal distribution) to find the 
critical value. 
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Finding the Critical Values for Specific α Values, Using Table 
E  
 
Step 1:  Draw a figure for the distribution of the test values and 
indicate the appropriate area for the rejection region. 
 

 If the test is left-tailed, the critical region, with area equal to 
α, will be on the left side of the distribution curve. 

 If the test is right-tailed, the critical region, with area equal 
to α, will be on the right side of the distribution curve. 

 If the test is two-tailed, α must be divided by 2; the critical 
regions will be in each end of the distribution curve - half 
the area in the left part of the distribution and half of the 
area in the right part of the distribution. 
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Step 2: 
 

 For a left-tailed test, use the z value that corresponds to the 
area equivalent to 



 in Table E, i.e.,     



z1 , the 



 percentile of 
the distribution. 

 For a right-tailed test, use the z value that corresponds to 
the area equivalent to   



1 in Table E, i.e.,   



z, the   



1 
percentile of the distribution. 

 For a two-tailed test, use the z value that corresponds to 
  



 /2 for the left lower CV.  It will be negative. Change the 
sign to positive and you will get the critical value for the 
right side. 
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Example:  Find the critical value(s) for each situation and draw the 
appropriate figure, showing the critical region. 
 
Left-tailed test with α = 0.005 
 

              Looking up 0.005 in the Z table 
                                  We have Z = -2.575. 
 
 
 
Right-tailed test with α = 0.01 
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Two-tailed test with α = 0.1 

 
 
 
Left-tailed test with α = 0.2 
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Right-tailed test with α = 0.15 

 
 

Two-tailed test with α = 0.09 
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Hypothesis Test Procedure (Traditional Method) 
 
Step 1 State the hypotheses and identify the claim. 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
Step 3 Compute the test value. 
 
Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
Step 5 Summarize the results. 
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Section 8-2: z Test for a Mean 
 
MOTIVATING SCENARIO: It has been reported that the 
average credit card debt for college seniors is $3262.  
 
The student senate at a large university feels that their 
seniors have a debt much less than this, so it conducts a 
study of 50 randomly selected seniors and finds that the 
average debt is $2995, and the population standard 
deviation is $1100.  
 

Can we support the student senate’s claim using 
the data collected?
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How….the z Test for a Mean 
 
A statistical test uses the data obtained from a sample to make a 
decision about whether the null hypothesis should be rejected.   
 
The numerical value obtained from a statistical test is called the 
test value. 
 
You will notice that our statistical tests will resemble the general 
formula for a z-score: 
 
  Test Value = observed value – expected value 
        standard error 
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The z test for Means 
 
The z test is a statistical test for the mean of a population. It can 
be used when n ≥ 30, or when the population is normally 
distributed and σ is known. 
  

 The formula for the z-test is: 

  



z 
X 


n

, where 

 

  



X       



   
 



          



n  
 

 
We use our standard normal distribution…our z table! 
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Hypothesis Test Procedure (Traditional Method) 
 
Step 1 State the hypotheses and identify the claim. 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
Step 3 Compute the test value. 
 
Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
Step 5 Summarize the results. 
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Example: It has been reported that the average credit card debt 
for college seniors is $3262. The student senate at a large 
university feels that their seniors have a debt much less than 
this, so it conducts a study of 50 randomly selected seniors and 
finds that the average debt is $2995, and the population 
standard deviation is $1100. Let’s conduct the test based on a 
Type I error of =0.05. 
 

Step 1 State the hypotheses and identify the claim. 
 

H0: =$3262     H1: <$3262 
 
                 
           
 

   CLAIM 
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Step 2 Find the critical value(s) from the appropriate table. 
 

Left-tailed test, =0.05  Z will be negative and have probability 
0.05 underneath it 
  
 
 
 
 
 
 
 
 
 

 Z = -1.645 or 
 Z = -1.65 

0.05 
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Step 3 Compute the test value.  
 

 
 
 
 
Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 

Since this is a left-tailed test, our rejection region consists of 
values of Z that are smaller than our critical value of Z = -
1.645. 
 
Since our test value (-1.716341) is less than our critical value 
(-1.645), we reject the null hypothesis. 

2995 3262
-1.716341

1100

50

X
z

n
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Step 5 Summarize the results. 
 
We have evidence to support the student senate claim that the 
university’s seniors have credit card debt that is less than the 
reported average debt. 
 
This is based on a Type I error rate of 0.05. This means we falsely 
make the claim above 5% of the time. 
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Example: The medical Rehabilitation Education Foundation 
reports that the average cost of rehabilitation for stroke victims 
is $24,672.  
 
To see if the average cost of rehab is different at a particular 
hospital, a researcher selects a random sample of 35 stroke 
victims at the hospital and finds the average cost of their rehab is 
$25,250. The standard deviation of the population is $3251.  
 
At α = 0.01, can it be concluded that the average cost of stroke 
rehabilitation at a particular hospital is different from $24,672? 
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Step 1 State the hypotheses and identify the claim. 
 
 
 
 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
 
 
 
Step 3 Compute the test value. 
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Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
 
 
 
 
Step 5 Summarize the results. 
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IMPORTANT NOTE:  
 
When the null hypothesis is not rejected, we do not accept it 
as true. There is merely not enough evidence to say that it is 
false.   
 
Consider the jury trial analogy.  We don’t find people innocent, 
only guilty or not guilty. If someone is found not guilty, it does 
not mean that they were proved innocent; it only means that 
there is not enough evidence to reach a guilty verdict. 
 
We conclude the alternative hypothesis (when we reject the 
null) because the data clearly support that conclusion. 
 
See the following slide for ways of describing your results.  
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See page 415 to help you remember what you can say in summarizing the 
results based on where the claim is (    



H0 or     



H1) and whether you rejected     



H0 

or not. 
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P-Value Method for Hypothesis Testing 
 
We often test hypotheses at common levels of significance (α = 
0.05, or 0.01).  Recall that the choice of alpha depends on the 
seriousness of the Type I error.  There is another approach that 
utilizes a P-value. 
 
The P-Value (or probability value) is the probability of getting a 
sample statistic (such as the mean) or a more extreme sample 
statistic in the direction of the alternative hypothesis when the 
null hypothesis is true. 
 
The P-value is the actual area under the standard normal 
distribution curve of the test value or a more extreme value 
(further in the tail). 
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A General Rule for Finding P-values using the Z 
distribution or the t distribution: 

 
Suppose that   



z * is the test statistic of a z test and   



t * is the test 
statistic of a t test 
 
Left-tailed test:  p-value   



P(Z  z*) or p-value    



P(T t*) 
(depending on whether we are doing a z test or a t test). 
 
Right-tailed test:  p-value   



P(Z  z*) or p-value    



P(T t*) 
(depending on whether we are doing a z test or a t test). 
 
Two-tailed test: p-value     



2P(Z  z *) or p-value      



2P(T  t *) 

(depending on whether we are doing a z test or a t test). 
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The smaller the P-value, the stronger the evidence is against H0. 
 
We use Table E to find P-Values that use a z Test.  
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Examples:  
 
Suppose you have a left-tailed test and find the area in the tail to 
be 0.0489. What is the P-value? Would you reject this at α = 
0.05?  α = 0.01? 
 
 
 
Suppose you have a two-tailed test and find the area in one tail 
to be 0.0084. What is the P-value? Would you reject this at α = 
0.05?  α = 0.01? 
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P-Value 
 
If p-value is ≤ α then we ________________________. 
 
If p-value is > α then we_________________________. 
 
Let’s reconsider the hypothesis tests we did earlier and find the 
corresponding P-values. 
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Example: It has been reported that the average credit card debt 
for college seniors is $3262. The student senate at a large 
university feels that their seniors have a debt much less than 
this, so it conducts a study of 50 randomly selected seniors and 
finds that the average debt is $2995, and the population 
standard deviation is $1100. Let’s conduct the test based on a 
Type I error of =0.05. 
 
Step 3 Compute the test value and find the P-value. 
 
Z= -1.72 
 
 
Step 4 and Step 5 
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Example: The medical Rehabilitation Education Foundation reports 
that the average cost of rehabilitation for stroke victims is $24,672. To 
see is the average cost of rehab is different at a particular hospital, a 
researcher selects a random sample of 35 stroke victims at the hospital 
and find the average cost of their rehab is $25250. The standard 
deviation of the population is $3251. At α = 0.01, can it be concluded 
that the average cost of stroke rehabilitation at a particular hospital is 
different from $24,672? 
 
Step 3 Compute the test value and find the P-value. 
 
Z = 1.05 
 
 
 
Step 4 and Step 5 
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Section 8-3: t Test for a Mean 
 

When a population is normally or approximately normally 
distributed, but the population standard deviation is unknown, 
the z test is inappropriate for testing hypotheses involving 
means.  Instead we will use the t test when 



  is unknown and 
the distribution of the variable is approximately normal. 
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The one-sample t test is a statistical test for the mean of a 
population and is used when the population is normally or 
approximately normally distributed and σ is unknown.  
 
The formula for the test value of the one-sample t test is: 
 

    

  



t 
X 

s

n

  d.f. = n-1 

 
 

Recall from Chapter 7 that the t 
distribution is a family of curves 

and requires us to know the 
degrees of freedom in order to 
find the appropriate t value. 
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Finding Critical Values Using Table F 
 

 Determine if the test is one-tailed or two tailed. 
 Determine the degrees of freedom 
 Find the significance level 



 by looking in the appropriate 
row for the number of tails and down the column with the 
degrees of freedom. 

 If the degrees of freedom is not in the table, always round 
DOWN to the nearest table value (this is a conservative 
approach). 

 If the test is a left-tailed test, then the critical value is the 
NEGATIVE of the value given in the table. 
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Example:  Find the critical t value for   



 0.01 with sample size of 13 
for a left-tailed test. 
 
 Left tailed means the critical t value will be negative 
 n=13 means the degrees of freedom are n-1 = 12 
 The critical value is -2.681 
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Example:  Find the critical t value for   



 0.05 with sample size 
of 21 for a right-tailed test. 
 
 
 
 
 
 
Example:  Find the critical t value for   



 0.10 with sample size 
of 59 for a two-tailed test. 
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Finding P-Values Using Table F 
 
To find a p-value:   
 

 Draw a picture of the area we’re trying to find. 
 Find row corresponding to     



df n1. 

 Find the 2 values in the row that the value of the test 
statistic falls between. 

 Find the α’s that corresponds to these values 
 The α’s are the values that the p-value falls between 
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You can calculate the exact p-value using your calculator: 
 

 2nd -> VARS (DISTR) 
 

 tcdf(lowerbound, upperbound, df) 
o lowerbound corresponds to the value on the left that you 

are computing probability in between 
o upperbound corresponds to the value on the right that 

you are computing probability in between 
o use EE99 for  
o use –EE99 for - 
 

 You will need to multiply by 2 if you are performing a two-
tailed test. 
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Example: Let     



n 29 and your test value be     



t 2.21.  Find the p-
value for a right-tailed hypothesis test.  Find the p-value for a 
left-tailed test.  Find the p-value for a two-tailed hypothesis test. 
 
 
 
 
 
 
 
 
 
 
 
Degrees of freedom = 29 – 1 = 28  
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Right-tailed p-value  
 is between 0.025 and 0.01 based on the table 
 is 0.018 based on the calculator 

  
Left-tailed p-value  
 is between 0.975 and 0.99 based on the table 
 is 0.982 based on the calculator 

 
Two-tailed p-value  
 is between 0.05 and 0.02 based on the table 
 is 0.035 based on the calculator 
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Right tailed       Left tailed        Two-tailed 
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Example: Let     



n 11 and your test value be     



t 1.35.  Find the p-
value for a left-tailed hypothesis test. Find the p-value for a right-
tailed hypothesis test.  Find the p-value for a two-tailed 
hypothesis test. 
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Example: We wish to check that normal body temperature may 
be less than 98.6 degrees.  In a random sample of     



n 18 
individuals, the sample mean was found to be 98.217 and the 
standard deviation was .684.  Assume the population is normally 
distributed.  Use   



 0.05. 
 
Step 1 State the hypotheses and identify the claim. 
 
H0: =98.6    
H1: <98.6           CLAIM 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
Left tailed,   



 0.05, df=18-1=17          t critical value = 1.740 
 
Step 3 Compute the test value and determine the P-value. 
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98.217 98.6

-2.375631 2.38
0.684

18

t


   
      

 
 
 
 
 
 
 
p-value is between 0.01 and 0.025 
 
p-value = 0.0146 
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Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
Since our p-value is less than our  = 0.05, we reject the null 
hypothesis. 
 
The same conclusion is reached by looking at the critical value. 
Our test value is smaller than the critical value of -1.74. 
 
You only need to do it one way. The decision will always match. 
 
Step 5 Summarize the results. 
 
We have enough evidence to support the claim that average 
body temperature is less than 98.6 degrees. 
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Example:  A certain company would like to determine the 
amount of time employees waste at work each day.  A random 
sample of 10 of its employees shows a mean time of 121.80 
minutes wasted per day with a standard deviation of 9.45 
minutes per day.  Does the data provide evidence that the mean 
amount of time wasted by employees each day is more than 120 
minutes?  Test at α=.05.  Assume the population is at least 
approximately normally distributed. 

 

Let μ = mean daily wasted time for employees of this company. 
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Step 1 State the hypotheses and identify the claim. 
 
 
 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
 
 
 
Step 3 Compute the test value and determine the P-value. 
 
 
 
 



 

CH8: Hypothesis Testing  Santorico - Page 328 

 

Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
 
 
 
 
 
Step 5 Summarize the results. 
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Suppose the previous test were two-tailed instead of one-tailed.  
 
What would the critical values/regions be? 
 
 
 
What would the p-value for the test be? 
 
 
 
What would our decision be? 
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Section 8-4: z-Test for a Proportion 
 
A hypothesis test involving proportions can be considered as a 
binomial experiment when there are only two outcomes and the 
probability of success does not change from trial to trial.   
 
However, when both   



n ˆ p  and   



n ˆ q  are each greater than or equal 
to 5, the Central Limit Theorem kicks in and a normal 
distribution can be used to describe the distribution of the 
sample proportions. 
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Recall:  When the central limit theorem applies to data from a 
binomial distribution, then   



ˆ p  can be well approximated by a 
normal distribution with mean p and standard deviation   



pq /n, 
i.e.,  
 

ˆ  is approximately Normal with mean =  and standard error = 
pq

p p
n . 

 

When performing our hypothesis test, we will make an 
assumption about the value of p in our null hypothesis, e.g., 
 

0 :H p k  
 

where k is some fixed value.  We can use this to determine to 
perform a hypothesis test for p.   
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Formula for the z-Test for Proportions 
 
Test value: 
 

 
 

  



ˆ p  
 
p = 
 
q =  
 
n = 
 

p̂ p
z

pq

n
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Since this is a z test we can use Table E to find critical values and 
p-values.  However, it is easier to find critical values using Table 
F using the row with degrees of freedom row ∞. 

 
 
 
 

Pick 
appropriate 
tail and  
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The p-values can be found according to the following procedure.  
If   



z * is the test value of our test then: 
 
Left-tailed test:  p-value   



P(Z  z*)  
 
 
 
 
Right-tailed test:  p-value   



P(Z  z*) 
 
 
 
 
Two-tailed test: p-value     



2P(Z  z *)  

 



 

CH8: Hypothesis Testing  Santorico - Page 335 

 

Example: An educator estimates that the dropout rate for 
seniors at high schools in Colorado is 12%.  Last year in a 
random sample of 300 Colorado seniors, 27 withdrew from 
school. At α = 0.05, is there enough evidence to reject the 
educator’s claim? 
 

Step 1 State the hypotheses and identify the claim. 
 

H0: p = 0.12     H1: p  0.12 

 
 

     CLAIM 
 
 

Step 2 Find the critical value(s) from the appropriate table. 
 

Two-tailed, =0.05  ………..   critical value is Z =  1.96  
(peak back at slide 333) 
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Step 3 Compute the test value and determine the P-value. 
 
 
 
 
 
 
 
 

27
0.12

ˆ 300

0.12(1 0.12)

300

-0.03
-1.60

0.01876166

p-value = 2*(0.0548)

=0.1096

p p
z

pq

n
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Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 

Noting that our p-value is larger than our Type I error rate of 
0.05, we fail to reject the null hypothesis. 

 

You come to the same decision by noting that our test value of   -
1.60 falls with the non-critical region of -1.96 to 1.96. 
 

Step 5 Summarize the results. 
 

We do not have sufficient evidence to reject the claim that the 
dropout rate for seniors at high schools in Colorado is 12%.   

 

Check check! Were   



n ˆ p  and   



n ˆ q  both greater than or equal to 5? 
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Let’s generate some questions about Math 2830 students that 
would allow us to test a hypothesis concerning proportions 
using our class as the sample. 
 
1. 
 
 
2. 
 
 
3.  
 
 
4.  
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Question #______ 
   
What level of significance would we like to use? __________ 
 
Our class data: 
 
 
Step 1 State the hypotheses and identify the claim. 
 
 
 
 
 
Step 2 Find the critical value(s) from the appropriate table. 
 
 



 

CH8: Hypothesis Testing  Santorico - Page 340 

 

Step 3 Compute the test value and determine the P-value. 
 
 
 
 
 
Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
 
 
 
 
Step 5 Summarize the results. 
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Question #______ 
   
What level of significance would we like to use? __________ 
 
Our class data: 
 
 
Step 1 State the hypotheses and identify the claim. 
 
 
 
 
 
Step 2 Find the critical value(s) from the appropriate table. 
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Step 3 Compute the test value and determine the P-value. 
 
 
 
 
 
Step 4 Make the decision to reject or not reject the null 
hypothesis. 
 
 
 
 
Step 5 Summarize the results. 
 


