
Activity.

On a scale of 1-10, 
how much do you like 
pineapple on pizza?



Our news channel surveyed one people. Here are the results:
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Our news channel surveyed five people. Here’s their average:
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Our news channel surveyed three people. Here’s their average:
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Our news channel surveyed one people. Here are the results:

FOX ABC NBC PBS



Pattern 1.

Average of a large SRS is often less extreme 
and closer to the true population mean.





Our news channel surveyed ten people. Sampling distribution of size 10:

Our news channel surveyed three people. Sampling distribution of size 3:
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Our news channel surveyed one people. Sampling distribution of size 1:
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Our news channel surveyed one people. Sampling distribution of size 1:



Our news channel surveyed ten people. Sampling distribution of size 10:

Our news channel surveyed three people. Sampling distribution of size 3:
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One dot = one person’s opinion

One dot = 10 people’s opinions, averaged

Our news channel surveyed one people. Sampling distribution of size 1:



https://onlinestatbook.com/stat_sim/sampling_dist/

https://onlinestatbook.com/stat_sim/sampling_dist/


Pattern 2: Central Limit Theorem (CLT).

The distribution of average of samples of size 
𝑛 approaches normal distribution as 𝑛 → ∞.



Pattern 2: Central Limit Theorem (CLT).

The distribution of average of samples of size 
𝑛 approaches normal distribution as 𝑛 → ∞.

This distribution is called the
sampling distribution of ҧ𝑥 of size n.



Sampling with replacement 
vs Sampling without replacement
10% Condition.
Suppose we sample without replacement via SRS (simple random sample).
If the population size N is at least 10 times the sample size n, then sampling 
without replacement is approximately like sampling with replacement.



Sampling with replacement 
vs Sampling without replacement
10% Condition.
Suppose we sample without replacement via SRS (simple random sample).
If the population size N is at least 10 times the sample size n, then sampling 
without replacement is approximately like sampling with replacement.

Type equation here.

When 𝑛 ≈ 𝑁, it’s likely to interview 
the same person twice, so 
sampling without replacement ≠ 
sampling with replacement.

When 𝑛 ≤
1

10
𝑁, it’s unlikely to 

interview the same person twice, so 
sampling without replacement ≈ 
sampling with replacement.





𝑋𝑖  are roughly 
independent RVs 
because the 10% 
Condition holds.

Why? If 𝑋𝑖  is RV of 𝑖th person, then the sample mean is a RV 𝑋 =
1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛):
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𝑛
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𝑛
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𝜎𝑋
2 =

1

𝑛2
𝜎𝑋1+⋯+𝑋𝑛
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1

𝑛2
𝜎𝑋1

2 + ⋯ + 𝜎𝑋𝑛

2 =
1

𝑛2
𝑛𝜎2  ⇒  𝜎𝑋 =

𝜎

√𝑛



Sample Mean Example 1



Sample Mean Example 2



Sample Mean Example 3
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