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10: Inferences Involving Two Populations
10.2 Inference for Mean Difference Two Dependent Samples

Confidence Interval Procedure

With      unknown, a 1-α confidence interval for μd=(μ1-μ2) is:

4
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Confidence Interval for Mean Difference (Dependent 

Samples)

                             to                               where df=n-1     (10.2)
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10: Inferences Involving Two Populations
10.2 Inference for Mean Difference Two Dependent Samples

Example:

Construct a 95% CI for mean difference in Brand B – A tire wear.
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Figure from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.2 Inference for Mean Difference Two Dependent Samples

Example:

Test mean difference of Brand B minus Brand A is zero.

         H0: μd=0 vs. Ha: μd≠0

6
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Figures from Johnson & Kuby, 2012.

6.3d =
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Conclusion: Significant difference in 

tread wear at .05 level.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Confidence Interval Procedure

With      and     unknown, a 1-α confidence interval for           is:
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Confidence Interval for Mean Difference (Independent 

Samples)

                                               to                            

  

where df is either calculated or smaller of df1, or df2       (10.8)
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success
 

There are three possible hypothesis pairs for the difference in 

means.

H0: μ1-μ2 ≥ 0 vs. Ha: μ1-μ2 < 0

 

 

8

Critical

Region

Reject

Non-Critical

Region

Fail to Reject

CVt * 0

Reject H0 if        less than

data indicates μ1-μ2 < 0

because       is “a lot” 

smaller than 0.

Rowe, D.B.

z
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success
 

There are three possible hypothesis pairs for the difference in 

means.

H0: μ1-μ2 ≤ 0 vs. Ha: μ1-μ2 > 0

 

 

9

Non-Critical

Region

Fail to Reject

Critical

Region

Reject

CV t *0

Reject H0 if        greater then

data indicates μ1-μ2 > 0

because          is “a lot” 

larger than 0.

( , )t df 

Rowe, D.B.
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success
 

There are three possible hypothesis pairs for the difference in 

means.

H0: μ1-μ2 = 0 vs. Ha: μ1-μ2 ≠ 0

 

 

Reject H0 if       less than 

 or if                  is greater than
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Critical

Region

Reject

Non-Critical

Region

Fail to Reject

CVt * CV t *

Critical

Region

Reject

0

( , / 2)t df 

Rowe, D.B.

data indicates μ1-μ2 ≠ 0, 

                                                   far from 0.
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10: Inferences Involving Two Populations
10.3 Inference Mean Difference 

Confidence Interval 

Example:

Interested in difference in mean heights between men and 

women. The heights of 20 females and 30 males is measured. 

Construct a 95% confidence interval for           ,     &     unknown

                                                            therefore 4.75  to 7.25

11
Rowe, D.B.
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Figure from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure

 

12
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males and females mx

fx

Is the height of males = height of females at α=.05?

x

27 values
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure

 

H0: μf=μm vs. Ha: μf≠μm
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Step 1

Step 2
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Step 4

Step 5
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure

 

H0: μf=μm vs. Ha: μf≠μm
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Step 2

Step 3

Step 4

Step 5
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Chapter 10: Inferences Involving Two Populations

Questions?

Homework: Read Chapter 10.3

 WebAssign

 Chapter 10 # 41, 45, 53, 57, 58, 59, 63

Rowe, D.B.
15
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Lecture Chapter 10.4-10.5

Rowe, D.B.
16
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

We talked about a Binomial experiment with two outcomes. 

Each performance of the experiment is called a trial. 

Each trial is independent.

n = number of trials or times we repeat the experiment.

x = the number of successes out of n trials.

p = the probability of success on an individual trial.

17

!
( ) (1 )

!( )!

x n xn
P x p p

x n x

−= −
− 0,1...,x n=

1,2,3,...n =

0 1p 

Rowe, D.B.

Chapter 5
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

When we perform a binomial experiment we can estimate the 

probability of heads as

          . 

 

This is a point estimate. Recall the rule for a CI is 

 

Sample Binomial Probability

                                                                                          (9.3)

where x is the number of successes in n trials. 

18

'
x

p
n

=

point estimate some amount

Rowe, D.B.

i.e. number of H out of n flips
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

For Binomial, where x is number of successes out of n trials. 

We said that                           and                                  .

                                               and                                      .

We are often interested in comparisons between proportions

          . There is another rule that says that if x1 and x2 are 

random variables, then

                          further,

                               and                                                      .  

19
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

That is where 1. and 2. in the green box below come from

 

20
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If independent samples of size n1 and n2 are drawn … with

p1=P1(success) and p2=P2(success) , then the sampling 

distribution of has these properties:

1. mean                       
 

2. standard error                                                            (10.10)
                                                                           

3. approximately normal dist if n1 and n2 are sufficiently large. 

ie I n1,n2>20 II n1p1, n1q1, n2p2, n2q2>5 III sample<10% of pop  
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Confidence Interval Procedure

21
Rowe, D.B.

Confidence Interval for the Difference between Two 

Proportions

                                          

                                                  to                            

  

where             and            .                                             (10.11)
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Confidence Interval Procedure

 

Example: Another Semester

Construct a 99% CI for proportion of female A’s minus male A’s

difference            .

22
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Confidence Interval Procedure

 

Example: 

Construct a 99% CI for proportion of female A’s minus male A’s

difference            .

23
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Confidence Interval Procedure

 

Example: 

Construct a 99% CI for proportion of female A’s minus male A’s

difference             for a previous class.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Hypothesis Testing Procedure

We can perform hypothesis tests on the proportion

H0: p1 ≥ p2 vs. Ha: p1 < p2

H0: p1 ≤ p2 vs. Ha: p1 > p2

H0: p1 = p2 vs. Ha: p1 ≠ p2                           when                .

Test Statistic for the Difference between two Proportions-

                                                Population Proportions Known

                                          

                                                                                                                             

                                                                                      (10.12)
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+ 
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Hypothesis Testing Procedure

where we assume p1=p2  and use pooled estimate of proportion

Test Statistic for the Difference between two Proportions-

Population Proportions UnKnown

                                                                                     

               

                                                                                      (10.15)
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

27
Rowe, D.B.

Step 1

Step 2

Step 3

Step 4
Step 5

sx =

cn =cx =
sn =

Figure from Johnson & Kuby, 2012.

Fill in.

Is proportion of Salesman’s defectives less than Competitor’s? .05 =
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

H0: ps-pc≤0 vs. Ha: ps-pc>0

28
Rowe, D.B.

Step 1

Step 2

Step 3

Step 4
Step 5

sx =

cn =cx =
sn =

Figure from Johnson & Kuby, 2012.

Is proportion of Salesman’s defectives less than Competitor’s? .05 =
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

H0: ps-pc≤0 vs. Ha: ps-pc>0

29
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Step 1

Step 2

Step 3

Step 4
Step 5

sx =

cn =cx =
sn =

Figure from Johnson & Kuby, 2012.

0, 0,( ) ( )
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1 1
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 
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 

s c s c

p p

s c

p p p p
z

p q
n n.05 =

Is proportion of Salesman’s defectives less than Competitor’s? .05 =
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

H0: ps-pc≤0 vs. Ha: ps-pc>0

30
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Step 1

Step 2

Step 3

Step 4
Step 5

sx =

cn =cx =
sn =

Figure from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

H0: ps-pc≤0 vs. Ha: ps-pc>0

31
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Step 1

Step 2

Step 3

Step 4
Step 5

sx =

cn =cx =
sn =

Figure from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

 

H0: ps-pc≤0 vs. Ha: ps-pc>0

32
Rowe, D.B.

Step 1

Step 2

Step 3

Step 4
Step 5

(.10 .04) (0)
* 2.04

1 1
(.07)(.93)

150 150

z
− −

= =
 

+  

Reject H0( ) 1.65z  =

.05 =

2.04 1.65

15 6

150 150

s c
p

s c

x x
p

n n

+ +
 = =

+ +

sx =

cn =cx =
sn =

15

150

s
s

s

x
p

n
 = =

6

150

c
c

c

x
p

n
 = =

Figure from Johnson & Kuby, 2012..02 .023p value −  or

.05

Is proportion of Salesman’s defectives less than Competitor’s? .05 =

0, 0,( ) ( )
*

1 1

 − − −
=

 
  + 

 

s c s c

p p

s c

p p p p
z

p q
n n

Marquette University                                      MATH 1700



10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Hypothesis Testing Procedure

We can perform hypothesis tests on two variances

H0:            vs. Ha: 

H0:            vs. Ha: 

H0: vs. Ha: 

Test Statistic for Equality of Variances

                                          

                          with                and                .                                                                                     

                                                                                      (10.16)
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samples from normal distribution

Use new table to find areas for new statistic.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Properties of F distribution

1. F is non-negative

2. F is nonsymmetrical

3. F is a family of dists.

dfn=νn=nn-1,dfd=νd=nd-1.

               ,

                             , 
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Hypothesis Testing Procedure

Will also need critical values.

Table 9 

Appendix B

Page 722

35
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Test Statistic for Equality of Variances

                                          

                          with                 and                .              (10.16)

2

2
* n

d

s
F

s
= 1n ndf n= − 1d ddf n= −

( )( , , )n dP F F df df   =

Figure from Johnson & Kuby, 2012.
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10: Inferences Involving Two 
10.5 Inference Ratio of Two Variances

Example: Find F(5,8,0.05).

Table 9, Appendix B, Page 722.
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1n ndf n= − 1d ddf n= −

d
f d

dfn0.05 =

Pops.

Figures from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Hypothesis Testing Procedure

One tailed tests: Arrange H0 & Ha so Ha is always “greater than”

H0:            vs. Ha:                  H0:               vs. Ha: 

H0:            vs. Ha:                  H0:               vs. Ha: 

Reject H0 if                 > F(dfn,dfd,α).

Two tailed tests: put larger sample variance s2 in numerator

H0: vs. Ha:                  H0: vs. Ha: 

                                                             if           ,            if

Reject H0 if                 > F(dfn,dfd,α/2).
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples
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Step 1

Step 4

Step 5

Step 3

Fill in.

Is variance of female heights greater than that of males? .01 = 27 values
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

 

H0:             vs. Ha: 

H0:              vs. Ha: 
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Step 3
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.01 = 27 values
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Is variance of female heights greater than that of males?
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

 

H0:             vs. Ha: 

H0:              vs. Ha: 
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Step 1

Step 4

Step 5

Step 3

.01 =

Step 2

27 values
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2 2

f m 

Is variance of female heights greater than that of males?
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

 

H0:             vs. Ha: 

H0:              vs. Ha: 
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Step 5

Step 3
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Step 2
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Is variance of female heights greater than that of males?
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

 

H0:             vs. Ha: 

H0:              vs. Ha: 
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Step 1

Step 4

Step 5

Step 3

.01 =

Step 2
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Is variance of female heights greater than that of males?
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10.5 Inference for Ratio of Two Variances Two Ind. Samples

 

H0:             vs. Ha: 

H0:              vs. Ha: 
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Step 1

Step 4

Step 5

Step 3

.01 =

Step 2
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Is variance of female heights greater than that of males?

Marquette University                                      MATH 1700



Chapter 10: Inferences Involving Two Populations

Questions?

Homework: Read Chapter 10.4-10.5

 WebAssign 

 Chapter 10# 83, 85, 91, 98, 99, 101, 111,

 113, 115, 117, 119, 125, 133

Rowe, D.B.
44
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