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Intervention Optimization Initiative

• Interpret main effects and interaction effects

In the previous lesson you learned how 
to:

3



• Understand the basics of powering a factorial 
experiment

In this lesson you will learn how to:



• To analyze the data from a factorial optimization 
trial you will use factorial analysis of variance 
(ANOVA)

• We are going to approach this discussion using the t-
test, which is closely related

Review of the logic of hypothesis testing



• Suppose you are interested in whether two means, 
𝜇𝜇1and 𝜇𝜇2, are different

• You cannot directly observe the parameters 𝜇𝜇1and 
𝜇𝜇2

• Instead, you can estimate them in a sample via the 
statistics �𝑌𝑌1 and �𝑌𝑌2

Review of the logic of hypothesis testing



• Null hypothesis: 𝐻𝐻0: 𝜇𝜇1 − 𝜇𝜇2 = 0

• Suppose 𝐻𝐻0 is true.  Would you expect to observe �𝑌𝑌1 − �𝑌𝑌2 = 0 every 
time? 

• Suppose 𝐻𝐻0 is false.  Would you expect to observe �𝑌𝑌1 − �𝑌𝑌2 ≠ 0 every 
time? 

• But you need to draw a conclusion about whether the null 
hypothesis is false.  What can you do?

Review of the logic of hypothesis testing



• Compute this test statistic:

𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
�𝑌𝑌1 − �𝑌𝑌2

⁄𝑠𝑠𝑌𝑌 𝑛𝑛

• The distribution of 𝑡𝑡 when 𝐻𝐻0 is true is known

Review of the logic of hypothesis testing



Because you know the 𝑡𝑡 distribution under 𝐻𝐻0 you can 
pose this question:
ASSUME FOR THE MOMENT THAT 𝐻𝐻0 IS TRUE.  WHAT 
IS THE PROBABILITY THAT I WOULD OBSERVE A 𝑡𝑡
STATISTIC AS LEAST AS LARGE AS 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜?
The 𝑡𝑡 distribution provides this probability, which is 
often called the p-value.

Review of the logic of hypothesis testing



ASSUME FOR THE MOMENT THAT 𝐻𝐻0 IS TRUE.  WHAT IS THE 
PROBABILITY THAT I WOULD OBSERVE A 𝑡𝑡 STATISTIC AS LEAST 
AS LARGE AS 𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜?

• If the answer is “the probability is low” decide “𝐻𝐻0 is false”
• If the answer is “the probability is not low” decide “cannot 

reject 𝐻𝐻0”

This is hypothesis testing!

Review of the logic of hypothesis testing



• Your decision will be either correct or incorrect.  
There are two different types of errors that can be 
made.

• Type I error = rejecting 𝐻𝐻0 when 𝐻𝐻0 is true = 
mistakenly concluding an effect exists when it does 
not

•𝛼𝛼 = Type I error rate = probability of rejecting 𝐻𝐻0, 
given that 𝐻𝐻0 is true

Review of the logic of hypothesis testing



• Your decision will be either correct or incorrect.  
There are two different types of errors that can be 
made.

• Type II error = failing to reject 𝐻𝐻0 when 𝐻𝐻0 is false = 
mistakenly overlooking an effect

•𝛽𝛽 = Type II error rate = probability of failing to reject 
𝐻𝐻0, given that 𝐻𝐻0 is false

Review of the logic of hypothesis testing



•𝛽𝛽 = Type II error rate = probability of failing to reject 
𝐻𝐻0, given that 𝐻𝐻0 is false

• NOTE 𝛽𝛽 is used in statistics to refer to two different 
things: the regression coefficient and the probability 
of a Type II error 

Review of the logic of hypothesis testing



• Note that both Type I and Type II error rates are conditional 
probabilities of making incorrect decisions

• Type I error rate (𝛼𝛼): P(rejecting 𝐻𝐻0|𝐻𝐻0 true)
• Type II error (𝛽𝛽): P(not rejecting 𝐻𝐻0|𝐻𝐻0 false)

• Power is also a conditional probability, but of making a 
correct decision when 𝐻𝐻0 is false

• Power = P(rejecting 𝐻𝐻0|𝐻𝐻0 false) = 1 − 𝛽𝛽

Statistical power 101



• A reference distribution used for hypothesis testing 
is the distribution of the test statistic when 𝐻𝐻0 is true

• This is called a central distribution
• There is only one 𝐻𝐻0, so only one central distribution

Statistical power 101



• The hypothesis that 𝜇𝜇1 − 𝜇𝜇2 ≠ 0 is often called the 
alternative hypothesis, 𝐻𝐻𝐴𝐴 or sometimes numbered 
𝐻𝐻1, 𝐻𝐻2 etc.

• There are an infinite number of 𝐻𝐻𝐴𝐴s
• WHY? Because 𝜇𝜇1 − 𝜇𝜇2 could equal any number

Statistical power 101



• Estimates of power are based on comparing the 
distribution of the test statistic when 𝐻𝐻0 is true 
against the distribution for a particular 𝐻𝐻𝐴𝐴

• A distribution of a test statistic for a particular 𝐻𝐻𝐴𝐴 is 
called a noncentral distribution

• Power analysis requires specifying 𝐻𝐻𝐴𝐴, usually via an 
expression of anticipated effect size

Statistical power 101
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• Sample size (N)
• All else being equal, larger N means more power
• WHY? Larger sample size means smaller standard errors, 

more precise estimates, less “noise”

Considerations affecting power



• Effect size
• All else being equal, larger effect size means more power
• WHY? Larger effect size means less overlap between the 

test statistic distributions under 𝐻𝐻0 and 𝐻𝐻𝐴𝐴

Considerations affecting power
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t distribution for one possible 
𝐻𝐻𝐴𝐴 (𝜇𝜇1 − 𝜇𝜇2 = 2,𝜎𝜎)
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• Choice of 𝛼𝛼
• All else being equal, larger alpha means more power
• WHY?  Easiest to see this graphically
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Highlighted area 
represents 
statistical power

t distribution for 𝐻𝐻0

t distribution for one possible 
𝐻𝐻𝐴𝐴 (𝜇𝜇1 − 𝜇𝜇2 = 2,𝜎𝜎)


Chart1



-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)









Sheet1

		10		-4		0.0020310339		-2		0.0020310339		-3		-1

				-3.8		0.0028543944		-1.8		0.0028543944		-2.8		-0.8

				-3.6		0.0040246232		-1.6		0.0040246232		-2.6		-0.6

				-3.4		0.0056885611		-1.4		0.0056885611		-2.4		-0.4

				-3.2		0.0080521674		-1.2		0.0080521674		-2.2		-0.2

				-3		0.0114005495		-1		0.0114005495		-2		0

				-2.8		0.0161212574		-0.8		0.0161212574		-1.8		0.2

				-2.6		0.0227281198		-0.6		0.0227281198		-1.6		0.4

				-2.4		0.0318794938		-0.4		0.0318794938		-1.4		0.6

				-2.2		0.0443796766		-0.2		0.0443796766		-1.2		0.8

				-2		0.0611457663		0		0.0611457663		-1		1

				-1.8		0.0831163897		0.2		0.0831163897		-0.8		1.2

				-1.6		0.1110778773		0.4		0.1110778773		-0.6		1.4

				-1.4		0.1453948757		0.6		0.1453948757		-0.4		1.6

				-1.2		0.1856638936		0.8		0.1856638936		-0.2		1.8

				-1		0.2303619892		1		0.2303619892		0		2

				-0.8		0.2766251323		1.2		0.2766251323		0.2		2.2

				-0.6		0.3203258105		1.4		0.3203258105		0.4		2.4

				-0.4		0.3565785337		1.6		0.3565785337		0.6		2.6

				-0.2		0.3806581811		1.8		0.3806581811		0.8		2.8

				0		0.389108384		2		0.389108384		1		3

				0.2		0.3806581811		2.2		0.3806581811		1.2		3.2

				0.4		0.3565785337		2.4		0.3565785337		1.4		3.4

				0.6		0.3203258105		2.6		0.3203258105		1.6		3.6

				0.8		0.2766251323		2.8		0.2766251323		1.8		3.8

				1		0.2303619892		3		0.2303619892		2		4

				1.2		0.1856638936		3.2		0.1856638936		2.2		4.2

				1.4		0.1453948757		3.4		0.1453948757		2.4		4.4

				1.6		0.1110778773		3.6		0.1110778773		2.6		4.6

				1.8		0.0831163897		3.8		0.0831163897		2.8		4.8

				2		0.0611457663		4		0.0611457663		3		5

				2.2		0.0443796766		4.2		0.0443796766		3.2		5.2

				2.4		0.0318794938		4.4		0.0318794938		3.4		5.4

				2.6		0.0227281198		4.6		0.0227281198		3.6		5.6

				2.8		0.0161212574		4.8		0.0161212574		3.8		5.8

				3		0.0114005495		5		0.0114005495		4		6

				3.2		0.0080521674		5.2		0.0080521674		4.2		6.2

				3.4		0.0056885611		5.4		0.0056885611		4.4		6.4

				3.6		0.0040246232		5.6		0.0040246232		4.6		6.6

				3.8		0.0028543944		5.8		0.0028543944		4.8		6.8

				4		0.0020310339		6		0.0020310339		5		7



-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t



f(t)





-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)







-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.20000000000000018	0.39999999999999991	0.60000000000000009	0.79999999999999982	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	6.2	6.4	6.6	6.8	7	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)











0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

-8 -6 -4 -2 0 2 4 6 8

f(t
)

t

Highlighted 
area 
represents 
statistical 
power

t distribution for 𝐻𝐻0

𝛼𝛼= .20

t distribution for one possible 
𝐻𝐻𝐴𝐴 (𝜇𝜇1 − 𝜇𝜇2 = 2,𝜎𝜎)


Chart1



-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)









Sheet1

		10		-4		0.0020310339		-2		0.0020310339		-3		-1

				-3.8		0.0028543944		-1.8		0.0028543944		-2.8		-0.8

				-3.6		0.0040246232		-1.6		0.0040246232		-2.6		-0.6

				-3.4		0.0056885611		-1.4		0.0056885611		-2.4		-0.4

				-3.2		0.0080521674		-1.2		0.0080521674		-2.2		-0.2

				-3		0.0114005495		-1		0.0114005495		-2		0

				-2.8		0.0161212574		-0.8		0.0161212574		-1.8		0.2

				-2.6		0.0227281198		-0.6		0.0227281198		-1.6		0.4

				-2.4		0.0318794938		-0.4		0.0318794938		-1.4		0.6

				-2.2		0.0443796766		-0.2		0.0443796766		-1.2		0.8

				-2		0.0611457663		0		0.0611457663		-1		1

				-1.8		0.0831163897		0.2		0.0831163897		-0.8		1.2

				-1.6		0.1110778773		0.4		0.1110778773		-0.6		1.4

				-1.4		0.1453948757		0.6		0.1453948757		-0.4		1.6

				-1.2		0.1856638936		0.8		0.1856638936		-0.2		1.8

				-1		0.2303619892		1		0.2303619892		0		2

				-0.8		0.2766251323		1.2		0.2766251323		0.2		2.2

				-0.6		0.3203258105		1.4		0.3203258105		0.4		2.4

				-0.4		0.3565785337		1.6		0.3565785337		0.6		2.6

				-0.2		0.3806581811		1.8		0.3806581811		0.8		2.8

				0		0.389108384		2		0.389108384		1		3

				0.2		0.3806581811		2.2		0.3806581811		1.2		3.2

				0.4		0.3565785337		2.4		0.3565785337		1.4		3.4

				0.6		0.3203258105		2.6		0.3203258105		1.6		3.6

				0.8		0.2766251323		2.8		0.2766251323		1.8		3.8

				1		0.2303619892		3		0.2303619892		2		4

				1.2		0.1856638936		3.2		0.1856638936		2.2		4.2

				1.4		0.1453948757		3.4		0.1453948757		2.4		4.4

				1.6		0.1110778773		3.6		0.1110778773		2.6		4.6

				1.8		0.0831163897		3.8		0.0831163897		2.8		4.8

				2		0.0611457663		4		0.0611457663		3		5

				2.2		0.0443796766		4.2		0.0443796766		3.2		5.2

				2.4		0.0318794938		4.4		0.0318794938		3.4		5.4

				2.6		0.0227281198		4.6		0.0227281198		3.6		5.6

				2.8		0.0161212574		4.8		0.0161212574		3.8		5.8

				3		0.0114005495		5		0.0114005495		4		6

				3.2		0.0080521674		5.2		0.0080521674		4.2		6.2

				3.4		0.0056885611		5.4		0.0056885611		4.4		6.4

				3.6		0.0040246232		5.6		0.0040246232		4.6		6.6

				3.8		0.0028543944		5.8		0.0028543944		4.8		6.8

				4		0.0020310339		6		0.0020310339		5		7



-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t



f(t)





-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)







-2	-1.7999999999999998	-1.6	-1.4	-1.2000000000000002	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.19999999999999996	0.39999999999999991	0.60000000000000009	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-4	-3.8	-3.6	-3.4	-3.2	-3	-2.8	-2.6	-2.4	-2.2000000000000002	-2	-1.8	-1.6	-1.4	-1.2	-1	-0.8	-0.6	-0.4	-0.2	0	0.2	0.4	0.6	0.8	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	-1	-0.79999999999999982	-0.60000000000000009	-0.39999999999999991	-0.20000000000000018	0	0.20000000000000018	0.39999999999999991	0.60000000000000009	0.79999999999999982	1	1.2	1.4	1.6	1.8	2	2.2000000000000002	2.4	2.6	2.8	3	3.2	3.4	3.6	3.8	4	4.2	4.4000000000000004	4.5999999999999996	4.8	5	5.2	5.4	5.6	5.8	6	6.2	6.4	6.6	6.8	7	2.0310339110412167E-3	2.854394394609606E-3	4.0246232150294671E-3	5.6885611066299349E-3	8.052167372342163E-3	1.1400549464542524E-2	1.6121257439422144E-2	2.2728119798464959E-2	3.1879493750030567E-2	4.4379676614245689E-2	6.1145766321218181E-2	8.3116389653879602E-2	0.11107787729698333	0.14539487566000614	0.18566389362670319	0.23036198922913867	0.27662513233825647	0.32032581052912462	0.35657853369790399	0.38065818105444926	0.38910838396603115	0.38065818105444926	0.35657853369790399	0.32032581052912462	0.27662513233825647	0.23036198922913867	0.18566389362670319	0.14539487566000614	0.11107787729698333	8.3116389653879602E-2	6.1145766321218181E-2	4.4379676614245689E-2	3.1879493750030567E-2	2.2728119798464959E-2	1.6121257439422144E-2	1.1400549464542524E-2	8.052167372342163E-3	5.6885611066299349E-3	4.0246232150294671E-3	2.854394394609606E-3	2.0310339110412167E-3	t





f(t)











• Sample size (N)
• Effect size
• Choice of 𝛼𝛼

• There is another consideration that comes up only when 
there is a hierarchical structure (nesting) in the data

• We will discuss this in a later lesson in this module

Considerations affecting power



• One often-used effect size measure is Cohen’s 𝑑𝑑 (Cohen, 
1988)

𝑑𝑑 =
�𝑌𝑌1 − �𝑌𝑌2
𝑠𝑠

• In factorial experiment terms, expresses effect size for a 
single two-level factor

• Essentially, standardized difference between two means

Expressing effect size for use in a power 
analysis



• Cohen established some benchmarks expressed in 
terms of 𝑑𝑑:

• “small” = .2 to .3
• “medium” = .5
• “large” = .8 or greater

Expressing effect size



• Consider the regression of a variable 𝑌𝑌on several 𝑋𝑋 variables: 
𝑋𝑋1, 𝑋𝑋2, etc.  Denote the standardized regression coefficient 
associated with 𝑋𝑋1as 𝛽𝛽1∗

• When the predictors are uncorrelated

𝛽𝛽1∗ =
𝑟𝑟𝑋𝑋1𝑌𝑌
2

1 − 𝑟𝑟𝑋𝑋1𝑌𝑌
2

Expressing effect size of a regression 
coefficient



𝛽𝛽1∗ =
𝑟𝑟𝑋𝑋1𝑌𝑌
2

1 − 𝑟𝑟𝑋𝑋1𝑌𝑌
2

• The Cohen benchmarks for 𝛽𝛽∗are 
• “small” = .1
• “medium” = .25
• “large” = .4 or greater

Expressing effect size of a regression 
coefficient



• You can choose α, level of power, and expected 
effect size, then establish necessary N

• OR
• Sometimes max N determined (e.g. by budget)

• Minimum detectable effect

How to power factorial experiments



• Remember:  for a 2k experiment, with equal Ns, with 
effect coding, same regression weight size = same 
power irrespective of effect

• This means all else being equal, power is the same 
for regression coefficients corresponding to main 
effects and interactions

How to power a factorial optimization 
trial



• Decide on the effect size for each important effect.  This can 
be either

• The actual size you believe the effect will be OR
• The minimum effect that you care about

• The optimization trial is an “audition” for a role in 
your intervention

• You may have several different effect sizes corresponding 
to different factors.  Identify the smallest effect size

How to power a factorial optimization 
trial



•Hint: Adding a covariate such as a pretest will 
often reduce sample size requirement
• Do this only if correlation is substantial (above 

about r = .5)

How to power a factorial optimization 
trial



• Understand the basics of powering a factorial 
experiment

In this lesson you learned how to:



• Distinguish between the conclusion-priority and 
decision-priority perspectives

• Discern whether the conclusion-priority or decision-
priority perspective is appropriate in a given 
situation

In the next lesson you will learn how to:
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