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Lecture Objectives

• Describe how hypothesis testing is part of confirmatory 
data analysis and the importance of inference. 

• Differentiate between different hypothesis testing 
frameworks.



Testing Frameworks



Definition:  
Hypothesis testing or confirmatory data analysis is the 
act of examining whether random variables (RVs) 
adhere to stated assumptions or differ.
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Definition:  
Sampling Distribution is a probability distribution of 
statistics obtained from drawing many samples from a 
population of interest.

Source

Sample of 
Population

Sampling 
Distribution

Population

http://onlinestatbook.com/stat_sim/sampling_dist/


Usefulness of Tests
… does one group differ from the next ???

vs.



Computation Types
… how can we test our assumptions ?? 

• Parametric  

• Assume a distribution and compute a test statistic based on 
asymptotic results. 

• Resampling 

• Draw samples with replacement from the sampling 
distribution. 

• Permutation 

• Shuffle the samples and sample without replacement.



Ides of Testing



Hypothesis Tests
Common Parametric Hypothesis Tests

Back cover of: Probability and Statistical Inference (9th Edition)

https://www.amazon.com/Probability-Statistical-Inference-Robert-Hogg/dp/0321923278


Decision Hierarchy

Source

https://www.peggykern.org/uploads/5/6/6/7/56678211/edu90790_decision_chart.pdf


https://lindeloev.github.io/tests-as-linear/

https://lindeloev.github.io/tests-as-linear/


"There is Only One Test"

http://allendowney.blogspot.com/2011/05/there-is-only-one-test.html

http://allendowney.blogspot.com/2011/05/there-is-only-one-test.html


Breaking Down All Tests
… the logic of a hypothesis test … 

Compute a P-value or Critical Value … 
… probability of an effect as big given the distribution …

1.
2.
3.

Compute a Test Statistic … 
… Relevant to that sampling distribution …

Make an assumption or null hypothesis…  
… about the sampling distribution the data has …

Make a decision … 
… does evidence exist to suggest the assumption is not okay?4.



Choose between: 

• z-test 

• Normal distribution 

• Known Population Variance 

• Sample size: n > 30 

• t-test 

• Student's t 

• Unknown Population Variance 

• Sample size: n < 30

Make an assumption…



Definition:  
Null Hypothesis (H0) states that the sample data 
gathered meets the sampling distributions 
assumptions.

H0 :µ = µ0
H0 :µ1 − µ2 = 0

H0 : p = p0
H0 : p1 − p2 = 0

Means Proportions

Single

Double

No difference



Definition:  
Alternative Hypothesis (Ha or H1) is the counter to the null 
hypothesis that emphasizes the underlying sample may 
not follow the assumptions laid out.

Ha :µ1 − µ2 ≠ 0
Ha :µ ≠ µ0

Ha : p > p0
Ha : p < p0

Means Proportions

One-sided

Two-sided

Evidence suggests a difference

Ha :µ1 − µ2 > 0
Ha :µ > µ0

Ha : p1 − p2 ≠ 0
Ha : p ≠ p0



Example Hypothesis
… sample of forming a statement …

H0 : p = 0.5
Ha : p ≠ 0.5

• Consider a coin flip.  
• If the coin is fair, half 

the flips should be 
heads and the other 
half tails 

• Otherwise, the 
number of flips 
between heads and 
tails will differ.

"Heads" "Tails"



One proportion z-test
Addressing a probability

H0 : p = 0.5 Ha : p > 0.5

z =
p̂ − p0
p0 1− p0( )

n

≤ z1−α

Z score

Critical 
Value

Null Alternative

p̂ = observed
total



Definition:  
P-value is the probability associated with obtaining the 
observed value or more extreme values assuming the 
null hypothesis is true.

p-value  
at cutoff



Toothpaste Kisses
… a story of p-values …

Dry Wet Wet + Toothpaste



Extra



How is  
random phenomena 
described?



Definition: 
Probability Distribution provides the outcome of a statistical 
event with the probability it occurs.

Source

https://commons.wikimedia.org/wiki/File:Dice_Distribution_(bar).svg


Normal Distribution
… an example of a probability distribution …
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µ  is the mean
σ  is the standard deviation

σ 2  is the variance



One-Tailed Hypothesis  
t-Test 

Research Question:  
Is the height of males 
significantly greater than that of 
females? 
 
Ho: The height of males is not 
significantly greater than 
females. 
 
HA: There is evidence to suggest 
the height of males is 
significantly greater than 
females.

t0.05, 20



Two-Tailed Hypothesis  
t-Test 

Research Question:  
Is there a (statistically) 
significant difference between 
the height of males and females? 

Ho: There is no (statistically) 
significant difference between 
the height of males and females. 

HA: There is evidence to suggest 
a (statistically) significant 
difference between the height of 
males and females.

t0.975, 20t0.025, 20



Summary

• Testing Frameworks 

• Discussed steps of a Hypothesis Test
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