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Announcements
• Final homework due Thursday.
• Final exam Friday 12/14 at 10:30am in CHEM 194.

Bring 2 scantrons!
• Different office hours finals week

Monday 10-11am Erin Esp
Tuesday 4-5pm Ming Zhong
Wednesday 11am-12pm Jiani Mou

Thursday 11am-12pm Katie Pollard
Thursday 12-1pm Lu Wang

Thursday 3:30-4:30pm Senke Chen

• Review session 12/12 at 6-8pm in SciLec 123



Chapter 11

• Sampling distribution of p1-p2

• Large sample z test for π1-π2

• Large sample CI for π1-π2



Two Populations

• In Ch.9-10, we considered only a single
population (either there was only one or a
separate CI or test was done for each).

• In Ch.11, we will look at problems that
involve comparing two populations.

• We will also consider the case of two
"treatments" randomized to one population.



Population Comparisons

Examples:
1. Is mean amount of a protein in tumor cells

the same as in healthy cells of same tissue?
2. Is the proportion of female professors the

same in Davis vet school and med school?
3. How does the range (max-min) of income

in the USA compare to that in China?

Ch.11



Independent Samples
Samples from two populations are independent

if selection of experimental units for one
sample does not affect selection for the other
sample. Else they are dependent (e.g. paired).

Examples:
Independent = randomly pick 100 people with

cancer and randomly pick 100 without cancer
Paired = randomly pick 100 sets of twins where

one twin has cancer and other does not.



Comparing Two Populations

Population 1

π1

Population 2

π2

Sample 1
p1

Sample 2
p2

n1 n2



Null Hypotheses About π1-π2

• Consider two populations with parameters
for the proportion of "successes" π1 and π2 .

• To test the hypothesis that the proportion is
the same in the two populations, use

H0: π1-π2 = 0
• The parameter of interest is now π1-π2.
• In general, can test H0: π1-π2 = value.



Alternative Hypotheses

• The alternative hypothesis is one of three
forms:

Ha: π1 - π2 ≠ 0  (i.e. π1 ≠ π2)
Ha: π1 - π2 > 0  (i.e. π1 > π2)
Ha: π1 - π2 < 0  (i.e. π1 < π2)

• Again, the alternative is typically what you
seek to prove and the null is the default.



Sampling Distribution of p1-p2

To obtain a test statistic for π1-π2, we need to
know some properties of the sampling
distribution of p1-p2 .

1. Mean:

2. Standard deviation:
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Assumptions
• Samples are independent.
• Both samples are randomly chosen.
• All of the following are true:

n1 p1 ≥ 10 and n1(1-p1) ≥ 10
n2 p2 ≥ 10 and n2(1-p2) ≥ 10

Then, is the sampling distribution of p1-p2 is
approximately normal.



Common pc when π1=π2

• Notice that when H0: π1-π2 = 0 is true, then
there is a common (unknown) value π.

• This common value is estimated by

• So, pc = total # of successes/total sample size
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Test Statistic

• Since p1-p2 is normally distributed (if the
assumptions hold), we can obtain a z test
statistic in the usual way:

• This standardized statistic is distributed
N(0,1) if H0: π1-π2 = 0 is true.
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P-value
• The p-value is computed in the same way as

for z tests with one population.
• Use the N(0,1) table and the statistic.
• Area depends on alternative hypothesis:

Ha: π1-π2 ≠ 0 → Upper & Lower Tail
Ha: π1-π2 > 0 → Upper Tail
Ha: π1-π2 < 0 → Lower Tail



CI for π1-π2

• A large sample confidence interval for π1-π2

(p1-p2) ± (z critical value)(standard error)
• Recall, the standard deviation of p1-p2 is:

• This can be estimated to get the s.e. by
substituting p1 for π1 and p2 for π2.

• Assumptions are the same as for the test.
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Problems on the Board


