
CHAPTER 17:
Tests of

Significance:
The Basics

Basic Practice of 
Statistics
7th Edition

Lecture PowerPoint Slides

1



In Chapter 17, we cover …

● The reasoning of tests of significance
● Stating hypotheses
● P-value and statistical significance
● Tests for a population mean
● Significance from a table
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Statistical inference
● Confidence intervals are one of the two most common types 

of statistical inference. Use a confidence interval when your 
goal is to estimate a population parameter.

● The second common type of inference, called tests of 
significance, has a different goal: to assess the evidence 
provided by data about some claim concerning a population.

o A test of significance is a formal procedure for 
comparing observed data with a claim (also called a 
hypothesis) whose truth we want to assess. 

o Significance tests use an elaborate vocabulary, but 
the basic idea is simple: an outcome that would 
rarely happen if a claim were true is good evidence 
that the claim is not true.
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● Claim: “John gets 80% of free shots”
● Data: results on 1000 free shots.
● Law of large numbers: average number 

of shots scored should be close to the 
true scoring percentage.

● Data: average number of shots scored 
is 60%.

What are Tests of Significance?
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● How likely would it be to see the 
results we saw if the claim were true?

   (if John truly gets 80% of his shots, 
how likely is he to get only 60% in 
1000 shots?!!)

● Do the data give enough evidence 
against the claim?

   (what if John scored 75%? 20%?)

Reasoning of Tests of Significance
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The reasoning of tests of significance (part I)
●  
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The reasoning of tests of significance (part II)
●  
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The reasoning of tests of significance (part III)

● If the claim that μ = 0 is true (no loss of sweetness, on 
average), the sampling distribution of     from 10 tasters 
is Normal with μ = 0 and standard deviation

● The data yielded    = 1.02, which is more than three 
standard deviations from μ = 0.  This is strong evidence 
that the new cola lost sweetness in storage.

● If the data yielded    = 0.3, which is less than one 
standard deviations from μ = 0, there would be no 
evidence that the new cola lost sweetness in storage. 
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The reasoning of tests of significance (illustrated)

●  
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Reasoning of Significance Tests (1 of 2)
If you observe an outcome that would _________ 
happen if a claim were true, you have good evidence 
that the claim is _______.

a) frequently; true
b) rarely; true
c) frequently; not true
d) rarely; not true
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Reasoning of Significance Tests (1 of 2) (answer)

If you observe an outcome that would _________ 
happen if a claim were true, you have good evidence 
that the claim is _______.

a) frequently; true
b) rarely; true
c) frequently; not true
d) rarely; not true

The correct answer is D.
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Reasoning of Significance Tests (2 of 2)
●  
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Reasoning of Significance Tests (2 of 2) 
(answer)

●  
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Stating hypotheses
●  
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Stating hypotheses: two-tailed example (part I)
●  
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Stating hypotheses: two-tailed example (part II)

●  
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Take an SRS of size n from a Normal 
population with unknown mean μ and 
known standard deviation σ.  The test 
statistic for hypotheses about the mean
 (H0: μ = μ0) of a Normal distribution is the 
standardized version of     :                          
(called the 
                                                 z-score)

Test Statistic
Testing the Mean of a Normal Population

17



Sweetening Colas
Case Study 

If the null hypothesis of no average sweetness loss is 
true, the test statistic would be:

Because the sample result is more than 3 standard 
deviations above the hypothesized mean 0, it gives 
strong evidence that the mean sweetness loss is not 0, 
but positive.
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Examples and Exercises(Making Hypotheses 
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Examples and Exercises(Making Hypotheses 
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Examples and Exercises(Making Hypotheses 
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Stating Hypotheses (1 of 6)
●  



Stating Hypotheses (1 of 6) 
(answer)
●  



Stating Hypotheses (2 of 6)
●  



Stating Hypotheses (2 of 6) 
(answer)
●  



Stating Hypotheses (3 of 6)
Null and alternative hypotheses always refer to: 

a) a sample statistic.
b) a sampling distribution.
c) a population parameter.



Stating Hypotheses (3 of 6) 
(answer)
Null and alternative hypotheses always refer to:

a) a sample statistic.
b) a sampling distribution.
c) a population parameter.

The correct answer is C.



Stating Hypotheses (4 of 6)
●  



Stating Hypotheses (4 of 6) 
(answer)
●  



Stating Hypotheses (5 of 6)
●  



Stating Hypotheses (5 of 6) 
(answer)
●  



Stating Hypotheses (6 of 6)
The hypotheses should express the hopes or suspicions 
we have _______ we see the data. 

a) after
b) before
c) at the same time



Stating Hypotheses (6 of 6) 
(answer)
The hypotheses should express the hopes or suspicions 
we have _______ we see the data. 

a) after
b) before 
c) at the same time

The correct answer is B.



P-value and statistical significance (part I)
●  
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The following figure is about P−value for test for a population mean 
μ, 

where
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Ha:  μ > μ0
● P-value is the probability of getting a value as large or larger than 

the observed z-score.

Ha:  μ < μ0
● P-value is the probability of getting a value as small or smaller 

than the observed z-score.

Ha:  μ ≠ μ0
● P-value is two times the probability of getting a value as large or 

larger than the absolute value of the observed   z-score.



Sweetening Colas

Case Study 

For test statistic z = 3.23 and alternative hypothesis
Ha: μ > 0, the P-value would be:

P-value = P(Z > 3.23) = 1 – 0.9994 = 0.0006

If H0 is true, there is only a 0.0006 (0.06%) chance that 
we would see results at least as extreme as those in the 
sample; thus, since we saw results that are unlikely if H0 
is true, we therefore have evidence against H0 and in 
favor of Ha.
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Sweetening Colas

Case Study 
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Studying Job Satisfaction
Case Study II

Suppose job satisfaction scores follow a Normal 
distribution with standard deviation σ = 60.  Data from 18 
workers gave a sample mean score of 17.  If the null 
hypothesis of no average difference in job satisfaction is 
true, the test statistic would be:
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Studying Job Satisfaction
Case Study II

For test statistic z = 1.20 and alternative hypothesis
Ha: μ ≠ 0, the P-value would be:

P-value = P(Z < -1.20 or Z > 1.20) 
= 2 P(Z < -1.20) = 2 P(Z > 1.20)
= (2)(0.1151) = 0.2302 

If H0 is true, there is a 0.2302 (23.02%) chance that we 
would see results at least as extreme as those in the 
sample; thus, since we saw results that are likely if H0 is 
true, we therefore do not have good evidence against H0 
and in favor of Ha.
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Studying Job Satisfaction
Case Study II
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P-value and statistical significance (part II)
●  
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Exercises and Examples (Finding P−value )
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Exercises and Examples (Finding P−value )
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α, rejection region, and critical value C = −z∗  ,or C′ = z∗  in the graphs below 

Note: C = −z∗  ,or C′ = z∗  can be gained in the tables according to α. 
44
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Tests of significance
THE FOUR-STEP PROCESS

● STATE: What is the practical question that requires a 
statistical test?

● PLAN: Identify the parameter, state null and alternative 
hypotheses, and choose the type of test that fits your 
situation.

● SOLVE: Carry out the test in three phases:
1. Check the conditions for the test you plan to use.

2. Calculate the test statistic.

3. Find the P-value.
● CONCLUDE: Return to the practical question to describe 

your results in this setting.
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Sweetening colas—one-sided P-value
●  
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Job satisfaction—two-sided P-value
●  
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Four steps: “HAT C”
1.  Step 1 (H): Make Hypotheses 

• H0:  μ = μ0  and Ha:  μ > μ0 , μ < μ0, or μ ≠ μ0
2. Step 2 (A): α ⇒ Critical value of z=z∗ and Rejection 

region  
• z∗ and the rejection region can be gained in z-table 

according to α. But when n is very large, we can use 
t-table (Table C) to get z∗. 

3. Step 3 (T): Calculate Test statistic or P−value 
• See for the previous slides how to calculate p-value

4. Step 4 (C): Conclusion to reject H0 or not.
H0 is rejected when the test statistic is in the rejection 
region. 
• Method 1) Comparing critical value with test statistic

We reject H0 when |z|≥z∗, z≥ z∗ ,and z≤−z∗ respectively 
where z∗ is positive. 

• Method 2) Comparing α with P −value 
    We reject H0 when α ≥ P −value 
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Significance from a table
● Statistics in practice uses technology to get P-values quickly 

and accurately. In the absence of suitable technology, you can 
get approximate P-values by comparing your test statistic with 
critical values from a table.

SIGNIFICANCE FROM A TABLE OF CRITICAL VALUES

● To find the approximate P-value for any z statistic, compare z 
(ignoring its sign) with the critical values z* at the bottom of 
Table C. If z falls between two values of z*, the P-value falls 
between the two corresponding values of P in the “One-sided 
P” or the “Two-sided P” row of Table C.
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Sweetening Colas
Case Study I

1. Hypotheses: H0: μ = 0
Ha: μ > 0

2. Test Statistic:

3. P-value: P-value = P(Z > 3.23) = 1 – 0.9994 = 0.0006
4. CONCLUSION:

Since the P-value is smaller than α = 0.01, there is very 
strong evidence that the new cola loses sweetness on 
average during storage at room temperature.
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Studying Job Satisfaction

Case Study II

1. Hypotheses: H0: μ = 0
Ha: μ ≠ 0

2. Test Statistic:

3. P-value: P-value = 2P(Z > 1.20) = (2)(1 – 0.8849) = 0.2302
4. CONCLUSION:

Since the P-value is larger than α = 0.10, there is not 
sufficient evidence that mean job satisfaction of assembly 
workers differs when their work is machine-paced rather 
than self-paced.
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Confidence Intervals & Two-Sided Tests
A level α two-sided significance test 
rejects the null hypothesis H0: μ = μ0 
exactly when the value μ0 falls outside a 
level (1 – α) confidence interval for μ.
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Case Study II

A 90% confidence interval for μ is:  

Since μ0 = 0 is in this confidence interval, it is plausible that 
the true value of μ is 0; thus, there is not sufficient evidence  
(at α = 0.10) that the mean job satisfaction of assembly 
workers differs when their work is machine-paced rather 
than self-paced.

Studying Job Satisfaction

55



Examples and exercises(z testing for μ )
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Examples and exercises(z testing for μ )
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Examples and exercises(z testing for μ )
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Comprehensive Example 
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STEP 4 (C)) 
–  Method 1) z-statistic > z∗.
    It means that z-statistic is in the rejection region. 
–  Method 2) P−value=0.0003 by using Table A. So P−value < α = 0.01. 
–  Hence we reject H0. We conclude that there is sufficient evidence to
    support the alternative hypothesis that , on average, fecal coliform levels 
    in these Ohio State Park swimming areas are unsafe. 
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Comprehensive Exercise 1 

Glycerol is a major by-product of ethanol fermentation in wine 
production and contributes to the sweetness, body, and fullness of 
wines. The article “A Rapid and Simple Method for Simultaneous 
Determination of Glycerol, Fructose, and Glucose in Wine” 
(American J. of Enology and Viticulture, 2007: 279–283) includes 
the following observations on glycerol concentration (mg/mL) for 
samples of standard-quality (uncertified) white wines: 2.67, 4.62, 
4.14, 3.81, 3.83 assuming that the population distribution of 
glycerol concentration is normal. Suppose the desired 
concentration value is 4. Does the sample data suggest that true 
average concentration is something other than the desired value at 
α = 0.05? σ = 0.75 is given. 



● If we know the standard deviation σ of the population, a 
confidence interval for the mean μ is:

● To test a hypothesis H0: μ = μ0 we use the one-sample z 
statistic:

● These are called z procedures because they both 
involve a one-sample z-score and use the standard 
Normal distribution.

z Procedures
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P-Value, Statistical Significance (1 of 12) 
The probability (computed assuming that H0 is true) 
that the test statistic would take a value as extreme or 
more extreme than that actually observed is called the 
__________ of the test. 

a) P-value
b) confidence interval
c) conditional probability 
d) null hypothesis



P-Value, Statistical Significance (1 of 12) (answer) 

The probability (computed assuming that H0 is true) 
that the test statistic would take a value as extreme or 
more extreme than that actually observed is called the 
__________ of the test. 

a) P-value
b) confidence interval
c) conditional probability 
d) null hypothesis

The correct answer is A.



P-Value, Statistical Significance (2 of 12)
●  



P-Value, Statistical Significance (2 of 12) (answer)

●  



P-Value, Statistical Significance (3 of 12)
●  



P-Value, Statistical Significance (3 of 12) (answer)

●  



P-Value, Statistical Significance (4 of 12)
There is evidence against the null hypothesis whenever 

the P-value is:

a) small.
b) large.
c) 0.5.
d) 1.



P-Value, Statistical Significance (4 of 12) (answer)

There is evidence against the null hypothesis whenever 
the P-value is:

a) small.
b) large.
c) 0.5.
d) 1.

The correct answer is A.



P-Value, Statistical Significance (5 of 12)
The data are statistically significant whenever the 

P-value:

a) > α.
b) ≤ α.
c) ≠ α.
d) ≠ µ.



P-Value, Statistical Significance (5 of 12) (answer)

The data are statistically significant whenever the 
P-value:

a) > α.
b) ≤ α.
c) ≠ α.
d) ≠ µ.

The correct answer is B.



P-Value, Statistical Significance (6 of 12)
●  



P-Value, Statistical Significance (6 of 12) (answer)

●  



P-Value, Statistical Significance (7 of 12)
● Suppose the P-value for a hypothesis test is 0.0304. 

Using α = 0.05, what is the appropriate conclusion?

a) Reject the null hypothesis.
b) Reject the alternative hypothesis.
c) Do not reject the null hypothesis.
d) Do not reject the alternative hypothesis.



P-Value, Statistical Significance (7 of 12) (answer)

● Suppose the P-value for a hypothesis test is 0.0304. 
Using α = 0.05, what is the appropriate conclusion?

a) Reject the null hypothesis.
b) Reject the alternative hypothesis.
c) Do not reject the null hypothesis.
d) Do not reject the alternative hypothesis.

The correct answer is A.



P-Value, Statistical Significance (8 of 12)
● Suppose the P-value for a hypothesis test is 0.304. 

Using α  = 0.05, what is the appropriate conclusion?

a) Reject the null hypothesis. 
b) Reject the alternative hypothesis.
c) Do not reject the null hypothesis.
d) Do not reject the alternative hypothesis.



P-Value, Statistical Significance (8 of 12) (answer)

● Suppose the P-value for a hypothesis test is 0.304. 
Using α  = 0.05, what is the appropriate conclusion?

a) Reject the null hypothesis. 
b) Reject the alternative hypothesis.
c) Do not reject the null hypothesis.
d) Do not reject the alternative hypothesis.

The correct answer is C.



P-Value, Statistical Significance (9 of 12)
The significance level is denoted by:

a) µ.
b) σ .
c) α.
d) the P-value.



P-Value, Statistical Significance (9 of 12) 
(answer)

The significance level is denoted by:

a) µ.
b) σ.
c) α.
d) the P-value.

The correct answer is C.



P-Value, Statistical Significance (10 of 12)

“Significant” in the statistical sense does not mean 
“important”; it means simply “not likely to happen just 
by chance.” 

a) true
b) false



P-Value, Statistical Significance (10 of 12) (answer)

“Significant” in the statistical sense does not mean 
“important”; it means simply “not likely to happen just 
by chance.” 

a) true
b) false

The correct answer is A.



P-Value, Statistical Significance (11 of 12)

Suppose a significance test is being conducted using a 
significance level of 0.10. If a student calculates a 
P-value of 1.9, the student:

a) should reject the null hypothesis.
b) should not reject the null hypothesis.
c) made a mistake in calculating the P-value.



P-Value, Statistical Significance (11 of 12) (answer)

Suppose a significance test is being conducted using a 
significance level of 0.10. If a student calculates a 
P-value of 1.9, the student:

a) should reject the null hypothesis.
b) should not reject the null hypothesis.
c) made a mistake in calculating the P-value.

The correct answer is C.



P-Value, Statistical Significance (12 of 12)

A small P-value means that there is a strong association 
between variables under investigation. 

a) true
b) false



P-Value, Statistical Significance (12 of 12) (answer)

A small P-value means that there is a strong association 
between variables under investigation. 

a) true
b) false

The correct answer is B.



Tests for a Population Mean (1 of 3) 
●  



Tests for a Population Mean (1 of 3) (answer)
●  



Tests for a Population Mean (2 of 3) 
●  



Tests for a Population Mean (2 of 3) (answer)
●  



Tests for a Population Mean (3 of 3) 
●  



Tests for a Population Mean (3 of 3) (answer) 
●  


