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Sample 

n = 16 
106, 101, 98, 
102, 100, 99, 

111, 92, 108, 95, 
110, 104... 

Population 

Sample Statistics 
 

X = 106 
s = 15.2 

Treatment 

Two Possible Explanations: 
 
1.  There is no effect of 

ginseng on IQ scores and 
the 6-point increase is due 
to sampling error, ε 

2.  There is a real effect of 
ginseng on IQ scores, τ+ε 
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Proportion More Extreme Value 

A p-value is way of describing how extreme a score is 
in a distribution. A p-value is the proportion of a 
distribution more extreme than a given score.  

a.k.a. p-value 

One-Tailed P-Value: 
Proportion of distribution 
more extreme in one tail 

Two-Tailed P-Value: 
Proportion of distribution 

more extreme in both tails 
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The Distribution 
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The Logic of Hypothesis Testing 

Hypothesis Test 

A hypothesis test is a statistical method 
that uses sample data to evaluate a 

hypothesis about a population 
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Null Hypothesis 
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In the population there is no change, no 

difference, or no relationship. For an 
experiment, this means no effect of treatment 

Null Hypothesis 

(H0) 
In the population there is no change, no 

difference, or no relationship. For an 
experiment, this means no effect of treatment 

The difference observed 
is due to sampling error only 

Alternative Hypothesis 

(H1) 
In the population there is a change, a 

difference, or a relationship. For an 
experiment, this means an effect of treatment 

Alternative Hypothesis 

(H1) 
In the population there is a change, a 

difference, or a relationship. For an 
experiment, this means an effect of treatment 

The difference observed 
is due to sampling error 

AND a real effect 
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Alpha Level, α 
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A test statistic is a numerical summary of the 
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samples predicted by the null hypothesis 

Sample 

n = 16 
106, 101, 98, 
102, 100, 99, 

111, 92, 108, 95, 
110, 104... 

Treatment 

Population 
IQ of All 

Individuals in 
the USA 
µμ  =  100	

σ  =  15	


Treatment 

Population 
Treated IQ of 

All Individuals in 
the USA 
µμ  =  100	

σ  =  15	


H
ypothetical  	


Sample 

n = 16 
106, 101, 98, 
102, 100, 99, 

111, 92, 108, 95, 
110, 104... 

If H0 is true 

Sample Statistics 
 

X = 106 
s = 15.2 
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Z-Test Statistic 

zX =
X − µ

X

σ X

Z-Test Statistic 

zX =
X − µ

X

σ X
value for µμ 

assuming H0 
is true 

89 

zX =
Xi − µX

σ X

106 −100
15

16
= 6
3.75

=1.6

σ X = σ
n

-4 -3 -2 -1 0 1 2 3 4

Sample 
n = 16 

106, 101, 98, 
102, 100, 99, 
111, 92, 108, 
95, 110, 104... 

Population 

Sample Statistics 
 

X = 106 
s = 15.2 

Treatment 

IQ of All 
Individuals in 

the USA 
µμ  =  100	

σ  =  15	


FROM 
BEFORE 
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• Alpha Level 

• H0 Null hypothesis 
• H1 Alternative Hypothesis 

Form Statistical 
Hypotheses 

Predict and 
Establish Standard 

of Evidence 

Test Hypotheses 

Evaluate 

• H0 Null hypothesis 
• H1 Alternative Hypothesis 

• Alpha Level 

• Data collection 
•  Test statistic 

Form Statistical 
Hypotheses 

Predict and 
Establish Standard 

of Evidence 

Test Hypotheses 

Evaluate 

• H0 Null hypothesis 
• H1 Alternative Hypothesis 

• Alpha Level 

• Data collection 
•  Test statistic 

Form Statistical 
Hypotheses 

Predict and 
Establish Standard 

of Evidence 

Test Hypotheses 

Evaluate 

Distribution  of  Sample  Means	


.5	
 1	
 1.5	
 2	
 2.5	
-­‐‑.5	
-­‐‑1	
-­‐‑1.5	
-­‐‑2	
-­‐‑2.5	
Z	

103.75	
 107.5	
96.25	
92.5	
 100	
94.38	
 101.88	
 105.63	
 109.38	
98.13	
90.63	
X	


0.025	
 0.025	
� 

α = 0.05

zcritical  =  -­‐‑1.96  	

zcritical  =  +1.96  	
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Distribution  of  Sample  Means	


.5	
 1	
 1.5	
 2	
 2.5	
-­‐‑.5	
-­‐‑1	
-­‐‑1.5	
-­‐‑2	
-­‐‑2.5	
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103.75	
 107.5	
96.25	
92.5	
 100	
94.38	
 101.88	
 105.63	
 109.38	
98.13	
90.63	
X	


0.025	
 0.025	


zcritical  =  -­‐‑1.96  	

zcritical  =  +1.96  	


� 

α = 0.05

Xobserved  =  106  
zx  =  1.6	


Proportion More Extreme Value 

A p-value is way of describing how extreme a score is 
in a distribution. A p-value is the proportion of a 
distribution more extreme than a given score.  

a.k.a. p-value 

One-Tailed P-Value: 
Proportion of distribution 
more extreme in one tail 

Two-Tailed P-Value: 
Proportion of distribution 

more extreme in both tails 
96 

FROM 
BEFORE 

Distribution  of  Sample  Means	
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Distribution  of  Sample  Means	
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 107.5	
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 100	
94.38	
 101.88	
 105.63	
 109.38	
98.13	
90.63	
X	


0.025	
 0.025	


zcritical  =  -­‐‑1.96  	

zcritical  =  +1.96  	


� 

α = 0.05

Xobserved  =  106  
zx  =  1.6	


Reject  H0	

“Statistically  Significant”	


Hypothesis Test

p-value <α

Fail  to  Reject  H0	

or  Retain  H0      

	


p-value >α

Distribution  of  Sample  Means	
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High  Probability  Samples  
if  H0  is  True	
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Sample 

n = 16 
106, 101, 98, 
102, 100, 99, 

111, 92, 108, 95, 
110, 104... 

Treatment 

Population 
IQ of All 

Individuals in 
the USA 
µμ  =  100	

σ  =  15	


Treatment 

Population 
Treated IQ of 

All Individuals in 
the USA 
µμ  =  100	

σ  =  15	


H
ypothetical  	


Sample 

n = 16 
106, 101, 98, 
102, 100, 99, 

111, 92, 108, 95, 
110, 104... 

If H0 is true 

Sample Statistics 
 

X = 106 
s = 15.2 
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zX =
X − µ

X

σ X

zX =
X − µ

X

σ X

Two-tailed P-value 

• H0 Null hypothesis 
• H1 Alternative Hypothesis 

• Alpha Level 

• Data collection 
•  Test statistic 

Form Statistical 
Hypotheses 

Predict and 
Establish Standard 

of Evidence 

Test Hypotheses 

Evaluate • p < α: Reject H0  
• p > α : Fail to reject H0 

• H0 Null hypothesis 
• H1 Alternative Hypothesis 

• Alpha Level 

• Data collection 
•  Test statistic 

Form Statistical 
Hypotheses 

Predict and 
Establish Standard 

of Evidence 

Test Hypotheses 

Evaluate 


