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Learning Objectives

1. lllustrate how information from several samples are connected to the population and to the sampling
distribution

2. Understand how the sampling distribution of the sample means relates to a sample and the population
distribution

3. Apply the Central Limit Theorem to approximate the sampling distribution of the sample mean
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Where are we?

Collecting
data

Categorical
vs. Numeric

Summary
statistics

Data
visualization

Probability

Probability
rules

Independence,
conditional

Random
variables and
probability
distributions

Linear
combinations

Binomial,
Normal, and
Poisson

Sampling Variability,
and Statistical
Inferenca

Intervals

Hypothesis
tests

Inference for continuous data/outcomes

One sample 3+ independent Simple linear

regression /
t-test samples & .
correlation

2 sample tests:
paired and
independent

Power and Non-parametric
sample size tests

Inference for categorical data/outcomes

One proportion Fisher’s exact Non-parametric

test test tests

Chi-squared 2 proportion Power and
test test sample size

. o Data Data .
R R PrOJeCtS o
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From Lesson 1: Population vs. sample

(Target) Population

e Group of interest being studied e Group on which data are collected
e Group from which the sample is selected e Often af the population
= Studies often have inclusion and/or exclusion e Easier to collect dataon
criteria

e If we do it right, we might be able to answer our
e Almost always too expensive or logistically guestion about the target population
impossible to collect data for every casein a

population K

e Goal is to get a representative sample of the population: the characteristics of the sample are similar to the
characteristics of the population
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Why sample statistics?

* When we want to estimate features of the population

= \We can use corresponding summary statistics calculated from our sample
summary statisi

= Often called or

* Much easier to measure statistics from our sample (Lesson 1)

= However, statistics from our sample are not exactly the same as the population measurements that we're
aiming for

= We call the population measurements population parameters

e So we need to start by distinguishing between the population parameters and sample statistics
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Population parameters vs. sample statistics

Population parameter Sample s
e Mean: i (“mu”) e Sample mean: x X- laa Vv
e Standard deviation: o (“sigma”) e Sample standard deviation: s

2 2

e Variance: o e Sample variance: s

 Proportion: p, 7 (“pi”) e Sample proportion: p (“p-hat”)

e Correlation e Sample correlation coefficient: r
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Poll Everywhere Question 1

13:39 Wed Oct 30 ® T ¢ 83% wm

Join by Web  PollEv.com/nickywakim275

Suppose we randomly sample 1,000 adults from each state in the US.
Would you expect the sample means of their heights to be the same,
somewhat different, or very different?

Very different 10%

Not the same, but only somewhat 4

Exactly the same 0%

Powered by @ Poll Everywhere
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Learning Objectives

1. lllustrate how information from several samples are connected to the population and to the sampling

distribution

2. Understand how the sampling distribution of the sample means relates to a sample and the population
distribution

3. Apply the Central Limit Theorem to approximate the sampling distribution of the sample mean
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Population

Example to facilitate our thinking:
Population height
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Take one sample

Sample of red people
Mean: x, SD: s

Lesson 9 Slides



Take one sample

Sample of red people
Mean: x, SD: s

Heights of 10 people:

>0 3 3 3 3 3 3 3 3 3
O O OO0 0O 00000
>0 J 3 3 3 33 33 35 o
m ® ® ® ® ® ® M D @D
w o oun unu n n n nu nnuon
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Take one sample

Sample of red people | x=65.3
Mean: x, SD: s -

~

From our red people sample, this
is our best estimate of the
population’s average height and
standard deviation

When we are researching, this is
usually the end of our data
collection process!
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Take one sample

Sample of red people | x=65.3
Mean: x, SD: s S =.

~

Even though this is the best
estimate based on our sample, it
may not truly capture the

population.

Can we measure how well our
sample captures the population?
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Take one sample

Sample of red people | x=65.3
Mean: x, SD: s S =.

~

Even though this is the best
estimate based on our sample, it
may not truly capture the

population.

Can we measure how well our
sample captures the population?

BUILD A SAMPLING DISTRIBUTION
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Take another sample

Mean: x, SD: s

Sample of red people | x=65.3
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Take another sample
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Sample of red people | Xx=65.3
S .

Mean: x, SD: s

Sample of blue people
Mean: x, SD: s




Take another sample

ean: x,SD: s

e of red people | x=65.3
S .

e of blue people
ean: x,SD: s

[ of 10 people:

5 33335399055 35 5
O O O O O O O O O 0O
o gl i M M i e - = - 2 73
™ ® ® ®®®®M®TM®TM®TM® M
nw u u u . nu u unu . nu u n
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Poll Everywhere Question 2

13:45 Wed Oct 30 eT W ¢ 81% @m

Join by Web  PollEv.com/nickywakim275

Calculate the mean for the blue sample. Is it the same as the red
sample?

Sample of red people
Mean: x, SD: s

Sample of blue people
Mean: x, SD: s

Heights of 10 people:

64 inches

67 inches No Q 88%
66 inches

61 inches
69 inches
68 inches

63 inches
71 inches

64 inches 2 tired 2 calculate

68 inches

Powered by Q Poll Everywhere
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Take another sample
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Mean: x, SD: s

Sample of red people | X=65.3
S .

Mean: x, SD: s

Sample of blue people |x=66.1

Are these two sample



Take several samples
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Sample_ of red people
Mean\x) SD: s

Sample of blue people
Meanix,SD: s

Sample of orange people
I\/Iean:(f%SD: S

Sample of green people
Mean{x,)SD: s




Difference between samples?

From our red sample alone, we don’t
know how well it captures the

population.

If we had a s to many samples wd

get a betterp of the po p I
AND how the d mpl elat the

population.
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Learning Objectives

1. lllustrate how information from several samples are connected to the population and to the sampling
distribution 5(‘ ! S

2. Understand how the sampling distribution cf the sample means relates to a sample and the population

distribution

3. Apply the Central Limit Theorem to approximate the sampling distribution of the sample mean
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More concrete example with height (1/3)

Variation in population (o):

Probability Density

0.00
55 60 45 70 75
Height (inches)

@ = 65 inches

o = 3 inches
\_—_/
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More concrete example with height (2/3)

Variati

on in population (o):

g

2
2

5 0.10

Qo

2

5005

®

Ne]

o

% 0.00

55 60 65 70 75
Height (inches)
i = 65 inches

o = 3 inches

Variation within samples (s):
- -

1 Sample 50 pegple
%= 65.1

Sample 50 people
X =64.7,s = 3.1

Sample 50 people
X=647,s=25

Sample 50 people
X =66.1,s=34

5 Sample 50 people
. | x=65.3s5s=29

Sample 50 people
10.00 X =649,s=3.2
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More concrete example with height (3/3)% Sampling Aishribtion

Variation within samples (s):  Variation between samples (SE):

Variation in population (o):

> 300
@
S 0.10 >
a & 200
>
= >
= =
5005 £ 100
L
g 3 ple@people
.
% 0.00 64.7,5 = 2.5 0
55 0 65 70 75

height from samples (inches)

55 60 . 65.3 70 75
Height (inches) Samp eople
s =34

@ = 65 inches

Sample 50 people p~ = 64.975 inches
) GIER 72/( SE — 0.414 inches

e 50 people
64.9,s = 3.2

o = 3 inches

1000
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Sampling Distribution of Sample Means v

e The sampling distribution is the distribution of sample means Variation between samples (SE):
calculated from repeated random samples of the same size from the 7(’ - GS . l
same population n= g"o
e |tisuseful to think of a @ticular sample statistic as being drawn from 500
a sampling distribution S 00
— o
= Sotheredsample withax = 65.1 is just one sample mean in the ;{100 < -~
sampling distribution t
. allll
55 60 66 70 75

Mean height from samples (inches)

p~ = 64.975 inches
SE = 0.414 inches
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For following Poll Everywhere Question

How are the center, shape, and spread similar and/or different?

Sampling distribution((n=50) Sampling distributioy (n=100)
M 100

B

60 e
[ | 75
> o >
2 ! :
o 40 M H M 0]
- 3 50
o o
0] 0]
f . j .
[ L
) wrrﬂ-ﬂn )
0 == O = 0

63 64 65 66 67
Mean height from samples (inches)

| . .z

.l W
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Mean height frorﬁ&amples (inches)
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Poll Everywhere Question 3

13:55 Wed Oct 30

Join by Web  PollEv.com/nickywakim275

0T (¢ 78% wm

How are th ansimilar and/or different? 222

J\

Sampling distribution (n=50)

Mean height fromisamples (inches)

1

Powered by Q Poll Everywhere

Center, shape, and spread
are roughly the same

Shape and spread are roughly the
same, but the centers are different

Center and shape are roughly the same,
but spread for sampling distribution
with n=100 is larger than that of n=50

Center and shape are roughly the same,

buor sampling distribution
with n=50 is larger than that of n=100
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Okay, but in real life we only have one sample...?

e In astudy, conclusions about a population parameter must be drawn from the data collected from a single
sample

¢ The sampling distribution of ;(-is a theoretical concept

= Obtaining repeated samples by conducting a study many times is not possible

* Not feasible to calculate the population mear@y finding the mean of the sampling distribution for X

¢ In the next lesson on confidence intervals, we'll see what kind of statements we can make about the population
mean from a single sample
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Learning Objectives

1. lllustrate how information from several samples are connected to the population and to the sampling

distribution
2. Understand how the sampling distribution of the sample means relates to a sample and the population

distribution

3. Apply the Central Limit Theorem to approximate the sampling distribution of the sample mean
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.. n=50 , iahts
The Central Limit Theorem (CLT) S gampud SO ppl's Wiy
e If asample consists ofnt observations, then the sampling distribution of the sample
mean is approximated by & rmormal model W.M"I' %O '\V\ eAcﬂ L; -

« ” . @ % S 'F-DV A” oy
e Aka, for “large” sample sizes (n > 30), SﬂV\AP SOWV\EM ofF €D ,p,o)

= The sampling distribution of the sample mean can be approximated by a normal distribution,with
.—-\’

o Mean equal to the population mean valu@q_,
o Standard deviatio 5

e Thisis regardless of the O ginal sample is from a different distribution

= For example, if we count the number of heads in 50 coin flips, and do this for many samp?es, then our
sampling distribution will be Normally distributed aroundn - p = 50 - 0.5 = 25

S‘\’amolavd eyYor : VbM[ol(, waA/OL Td s
N st deviation mLaAé]L
Hu &aw\pli% Aistb yto
0f e sampl means”
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Other cases for Qgrmal approximation
Z-
e For small sample sizes, if the population is known to be normally distributed, then

= The sampling distribution of the sample mean is a normal distribution, with

o Mean equal to the population mean valu nd

o Standard deviatio

¢ Not technically the Central Limit Theorem, but sampling distribution approximated using same Normal
distribution
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Sampling Distribution of Sample Means (with the CLT) \

e The sampling distribution is the distribution of sample means Variation between samples (S E):
calculated from repeated random samples of the same size from the

same population

e |tis useful to think of a particular sample statistic as being drawn from

a sampling distribution

= So the red sample with x = 65.1 is just one sample mean in the

sampling distribution

With CLT and X as the RV for the

eoretically (using only population values)
Normal(,uX :@ - = SE

* Inreal use (using sample values for
X ~ Normal ,uX :@ = SE

w
o
o

N
o
o

Frequency

N
o
o

I

o

55 60 65 70 75
Mean height from samples (inches)

p~ = 64.99 inches

Uns<e S{'d eV 'FYDW\ SE = 0.304 inches
sam k tv eghimate

ch«\m{nwl LYV

sampl. meLin RV (ravwlom vamlol(
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Let’s apply the CLT to our sampling distribution when n =50 (1/2)

Frequency

[e}
o
1

AN
o
1

N
o
1

V

Sampling distribution of sample means

..

L

63

64

Mean height from samples (mches)

65

CLT tells us that we can model the sampling
distribution of mean heights using a normal
distribution:

Approximate Normal distribution

e

2 ‘\\(Ml

64.16 64.58 65.00 6542 65.84
Mean height from samples (inches)

. oy
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Let’s apply the CLT to our sampling distribution when n =50 (2/2)

Mean and SD of population: [ Approximate Normal distribution

@ = 65 inches, o @nches

From the CLT, we can figure out the theoretical mean and standard deviation
of our sampling distribution:

65 inches N S S
ol |
@: —— inches = inches = 0.424 inches [; ¥ r ed S&WLID(L ]
Vn /50 B — — .
x=65.1 s= L. &
| simulated the data, so | can calculatand SE of the sampling mm;
distribution: — 3 P ]
30 PP

(sample mean = mean(means50$means)) D\ g
[11(65.01157) :

S —o.2
(sample se = sd(means50$means)) \I N \‘/S—O/
[1K0.4254565
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Applying the CLT (1/2) Jont wo_whigogé dist

probability)that their mean height is greater than 65 inches?

For a random sample of 100 people, what is thg
ches and population standard deviation iches.

We happen to know the population mean @
= 4

/ 1. Make sure that the number of individuals in the sample is greater than 30: 100 > 30, so we can use the CLT
s —

2. Find the mean and standard error for our sampling distribution:

4
SE = 9_ = = 0.4 inches
n 100 @ ——mm

e )

X ~ Normal(64, 0.4)
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Applying the CLT (2/2)

For arandom sample of 100 people, what is the probability that their mean height is greater than 65 inches?
We happen to know the population mean is 64 inches and population standard deviation is 4 inches.

—

X
3. Calculate the probability from a Normal distribution: P(” > 65)

6
q @ mean=64, sd = 0.4,

lower.tail = F)
[1] 0.006209665 G+ ﬂc" Yo(j 0“’0\
@5 The probability that a 100-person sample has amean

of 65 or greater is 0.006. Makes me question if our
sample really came from the population...

(|
632 636 640 644 648
Mean height from samples (inches)
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Check out this video explanation of CLT

e Bunnies, Dragons and the ‘Normal’ World: Central Limit Theorem

» Creature Cast from the New York Times

» https://www.youtube.com/watch?v=jvoxEYmQHNM&feature=youtu.be

Gentral Limit Theorem

v

Vv
b

o

. " 4

y:

b [

The averages of samples have approximately normal distributions
Sample size > 8.9
Distribution of Averages > “o...
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https://www.youtube.com/watch?v=jvoxEYmQHNM&feature=youtu.be

Summary Review: Point Estimate Terminology

e Population mean:
¢ Population standard deviation: o
e Sample mean: =

e Sample standard deviation: s

e Sampling distribution: Distribution of sample means for repeated samples.

= Use X as the RV for this distribution

NG

e Standard error (SE): The standard deviation of the sampling distribution.

= Formula: SE = ﬁ

= X ~ Normal(,uX = p, 05 =SE = L)
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