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The Sampling Distribution for a Statistic

The distribution of values taken by the statistic in all possible samples of the same size from the 

same population. 

XThe Sampling Distribution for 

 The mean of the sampling distribution equals the population mean (! )

 The  SD  of the sampling distribution is equal to 
n

"

 If X has a Normal distribution, then the distribution for X is exactly Normal. 

The Central Limit Theorem (CLT)

For a SRS of size n from a population with mean= ! , SD=" , and any shape, the sampling 

distribution for X is approximately Normal with mean=!  and SD=
n

"
.

 
n

"
 is the Standard Deviation of X



• • •

P
o
p
u

la
ti

o
n

 
=

 4
5

0
g

!
=

 5
g

S
R

S
 o

f 
n

=
1

6

x x x

M
et

a-
ex

p
er

im
en

t

ex
p
er

im
en

t

L
et

 X
b

e 
a 

R
.V

. 
d

en
o

ti
n

g
 t

h
e 

w
ei

g
h

t 
o

f 
a 

ch
o

co
la

te
 b

ar
 i

n
 g

ra
m

s.

W
h
at

 i
s 

th
e 

p
ro

b
ab

il
it

y
 t

h
at

 a
 s

am
p
le

 a
v
er

ag
e 

w
il

l 
b
e 

le
ss

 t
h
an

 4
4
8

?
g

D
is

tr
ib

u
ti

o
n

 

fo
r 

X

S
a

m
p

li
n

g
S

a
m

p
li

n
g

D
is

tr
ib

u
ti

o
n

D
is

tr
ib

u
ti

o
n

fo
r 

m
e
a
n

4
5

0
g

4
5

0
g

S
D

5
g

5
/"

1
6

=
1

.2
5

g

X

The distribution of heights, X, at a college is normal with   
  
           µ = 65  inches     and         = 3  inches 

 
1) Find the probability that a randomly selected individual is between 62 and 67 inches 

 
2) Find the probability that a randomly selected individual is more than 62 inches tall. 

 
 
A Simple Random Sample of n = 6 is selected from the population. 
 

3) Describe the Sampling Distribution for X  (Shape, Center, Spread) 
 

4) Find the probability that the sample average is between 62 and 67 inches. 
 

5) Find the 90th percentile of the Sampling Distribution for X . 
     State in plain terms what this value represents. 

 
6) Find the probability that all six individuals have a height that is more than 62 inches. 
 



Statistical Inference 
 

• drawing conclusions about a population, based on a sample.  
 
• uses properties of the sampling distribution and random sampling. 

 
 
 
Example: 
 
 Population:  GRE results for a new exam format on the quantitative section 
 Sample: n=300 test scores 
 
   Population    Sampling Dist. for X  
 shape  normal?    approx. normal 
  
 mean  μ (unknown)   μ 

 SD  σ =100 (assume known)  
100 5.8
300X n

σσ = = =  

 
 
 
 

~95% of the Sampling Distribution is within 2 Xσ± i  of  μ. 
 
1) In ~95% of the samples of n=300, X  is within +/- 11.6 pts of μ. 
 
2) In ~95% of the samples of n=300, μ is within +/- 11.6 pts of X . 
 
3) In ~95% of the samples of n=300, μ lies between 11.6 11.6X and X− + . 
 
4) We are ~95% confident that we have one of the samples that gives an interval containing μ. 

 



 

 
 
 
1. Identify the response variable. Is it quantitative or categorical? 
 
2. Identify the blocking variables and 2 levels for each one. 
 
3. Identify the explanatory variable. 

 
4. If the population SD for the total symptom scores was � = 50 units, how many subjects would 

be necessary to have a margin of error equal to 2 units at the 90% confidence level? 
 
 How many would be needed at the 98% confidence level? 

•
•
•

Population
� = 54cm ??
� = 4.5cm

SRS of n=9

x

x

x

Meta-experiment

57x cm� experiment

Let X be a R.V. denoting the length of a fish in cm.

Does 57 give strong evidence that >54 ?
How likely are we to get 57 if =54 ?

x cm
x cm

�
�

�
�



Conditions for a Valid 1-Sample CI and level � Test 
 
� The data are a SRS from the population.  
� If n is small, the population must be approximately normal. 
� The population must be large enough (at least 10 x larger than the sample size).  
 
 
If these conditions are not met, then the actual confidence level and/or  
level of significance are different from what we claim. 
 
 � actual vs. nominal level of significance (l.o.s.) 
 
 “observed level of significance” vs. p-value 
 



 
Hypothesis Testing 
 

• Null Hypothesis (Ho ):  The population mean is 54 cm. 
 

• Alternative Hypothesis (HA ): The population mean is greater than 54 cm. 
 
p-value 

 
• Measures the strength of the sample evidence against Ho 
 
• A small p-value gives strong evidence against Ho 

 
• Definition:  

 
The probability, computed assuming that Ho is true, of a sample result ( X ) as extreme  
or more extreme than the one from our sample. 

 
Rule of Thumb for the significance of p-values 
 

• If the p-value is less than .05, then our results are statistically significant at the .05 level 

 

Ho: µ=54 cm   
4.5 1.5

9X
cm cmσ = =  

Ha: µ>54  (µa = 58)     α = .05 
 
 
4 Steps for finding the Power in a test of hypotheses 
 

1) Write the RR for Ho in terms of z-scores:    1.645sz ≥

2) Write the RR for Ho in terms of X :  
54 1.645 56.47

1.5
X X−

≥ → ≥  

3) Find the probability of a Type II error  
    if µ=58              β(58) = P(Accept Ho | Ha is true [µ=58] ) 
 
 
4) Power = 1 – P(Type II Error) :  PWR(58) = 1 – β(58)  
 

 

     



 
Ho: µ = 40 mpg 
HA: µ < 40     

Population Standard Deviation: σ = 6 mpg   
Significance Level:  α = .01 

Sample Results:   A SRS of  n = 16  gives  X  = 36.7 
 
1) Write the rejection rule (RR) for Ho in terms of z-scores. 

2) Write the rejection rule (RR) for Ho in terms of X . 

3) Find the probability of a Type II error if µ=38 [ ]. ., (38)i e β  
 
a) Find the sample z-score (zs ). 
b) State a conclusion for the test at the α = .01 level. 
c) Find the p-value. 
 

 
Study Design 
 
The number of observations needed to detect a true difference ∆ = µA - µo  
at the α level of significance with power=1-β is 
 

• 1-sided alternative:  ( )
2 2

2n z zα β
σ

= +
∆   

• 2-sided alternative:  (
2 2

/ 22n z zα β
σ

= +
∆

)   

 
Ex: Find the sample size needed to detect a 2 mpg difference at the α=.01 level with 80% power. 
 
 Ho: µ = 40 mpg 
 HA: µ < 40     

 Population Standard Deviation: σ = 6 mpg   
 




