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Why Use Simulation? 
 

Simple answer: often the easiest way 
to solve a problem 



Toy Example: The Birthday Problem 

•  How many randomly chosen people are needed 
for there to be > 50% chance that two of them 
have the same birthday? 



No Simulation Simulation 

Person	1	has	a	random	birthday	
Odds	person	2	has	a	different	birthday:	

	364/365	
Odds	person	3	has	a	different	birthday:	

	363/365	
Odds	person	n	has	a	different	birthday:	

	(365	– n	+	1)	/	365	
	
	
Odds	no	matches	a?er	3	people:	

	364/365	*	363/365	
Odds	no	matches	a?er	n	people:	
	

The Birthday Problem 



0 10 20 30 40 50 60

Number of People
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

M
at

ch
 P

er
ce

nt
ag

e

50%	chance	of	a	
match	with	23	people	

The Birthday Problem 



The Birthday Problem Extension 

•  How many randomly chosen people are needed 
for there to be > 50% chance that THREE of 
them have the same birthday? 



No Simulation Simulation 

The Birthday Problem Extension 

hFps://math.stackexchange.com/quesMons/25876/
probability-of-3-people-in-a-room-of-30-having-the-same-
birthday/25880#25880	
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Using Simulation in Research 

1. Guiding Experimental Design 

2. Understanding Results 

3. Your examples? 
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If H0 is true, what is the distribution of p-values? 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

3500

4000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

3500

4000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

A	 B	

C	 D	
0											.25 			.5 							.75 						1	 0											.25 			.5 							.75 					1	

0											.25 			.5 							.75 					1	0											.25 			.5 							.75 						1	

p-value	

co
un

t	

p-value	

co
un

t	

p-value	

co
un

t	

p-value	

co
un

t	



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

3500

4000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

3500

4000

A	 B	

D	
0											.25 			.5 							.75 						1	 0											.25 			.5 							.75 					1	

0											.25 			.5 							.75 					1	
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

500

1000

1500

2000

2500

3000

C	

0											.25 			.5 							.75 						1	

✓

If H0 is true, what is the distribution of p-values? 

p-value	

co
un

t	

p-value	

co
un

t	

p-value	

co
un

t	

p-value	

co
un

t	



False Alarm Rate Simulator  
(bit.do/psim) 



False Alarm Rate Simulator  
(bit.do/psim) 



False Alarm Rate Simulator  
(bit.do/psim) 



False Alarm Rate Simulator  
(bit.do/psim) 
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Choosing Exclusion Criteria 



Choosing Exclusion Criteria 
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Chance performance = .5



Choosing Exclusion Criteria 
What about subjects not at chance levels? 



Choosing Exclusion Criteria 
What about subjects not at chance levels? 
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Power by N and # of Trials
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Maximizing Power 

Pilot Data 

For more info: rogerstrong.weebly.com/resources.html 
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Pilot Data 

dz	=	.57	
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are using, likely overestimating your power 



General Notes 
•  PowerAnalysis.m does most the work, and is called in the example scripts 
•  NOTE: This version only simulates t-tests between within subject conditions 

•  Key Components:  
–  prefs.data:  

•  either a #subjects (rows) x #conditions (columns) array, or a string file name of an excel or .csv file with data 
listed as #subjects x #conditions. 

•  Data can be listed as either decimal (.5) or percentage (50), although you will get a warning for the later (as 
data will be converted to decimal) 

•  If using excel or csv file, there should NOT be a header row 
–  prefs.N_range 

•  Range of number of participants to simulate. E.g., 10:10:50 will simulate with 10, 20, 30, 40, and 50 
participants 

–  prefs.trial_range 
•  Range of number of trials per condition to simulate. E.g., 8:4:24 will simulate with 8, 12, 16, 20, and 24 

trials per condition 
–  prefs.alpha 

•  p-value to use in power simulations 
–  prefs.nSims 

•  How many simulations to use for every particpant/trial number combination. 10,000 is a decent estimate 
and runs pretty quickly, 100,000 is slower but a more stable estimate. 

–  prefs.comps 
•  Which comparisons to test for significance. Each row is a comparison, with the condition expected to be 

higher magnitude listed in the first column, and the condition expected to have lower magnitude in the 
second column. A study will be classified as “successful” only if all listed comparisons are significant (see 
examples). 



Example 1 
Pilot Data Power Analysis Settings 

Power Analysis Output 
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-  97 subjects, 2 conditions 
-  Excel file is 97 rows x 2 columns 

Power by N and # of Trials
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Exp1_Data.xlsx 

File name as string (can also do data directly in matlab) 

I decided to simulate N from 10-100 by 10 

I decided to simulate trial number per condition from 8-24 by 4 

P-value of .05 used in simulation 

10,000 sims per N x num_trials combo (sims per cell in 
output graph) 

Only comparison I was interested in was condition 
1 being larger than condition 2 

Run power analysis using these settings 

Simulated power for each N X number or trials per 
condition combo we specified in settings. Looking 
at this, I know I could achieve > 90% power by 
running 90 subjects with 12 trials per condition, for 
example 



Example 2 
Pilot Data Power Analysis Settings 

Power Analysis Output 

-  41 subjects, 4 conditions 
-  Excel file is 41 rows x 4 columns 

Exp2_Data.xlsx 
 
Data is in percent, so 
script will convert to 
decimal and give a 
warning that this has 
occurred. 

File name as string (can also do data directly in matlab). 

I decided to simulate N from 50-300 by 25 

I decided to simulate trial number per condition from 8-20 by 4 

P-value of .05 used in simulation 

10,000 sims per N x num_trials combo (sims per cell in output 
graph) 

This time, I had 5 comparisons I am interested in. Specifically, I only want to call the study a 
“success” if condition 1 >2, 1 >3, 1>4, 3>2, and 4>2. Each comparison specified as a separate row.  

Run power analysis using these settings 

Simulated power for each N X number or trials per 
condition combo we specified in settings. Looking 
at this, I know I could achieve > 90% power by 
running 300 subjects with 12 trials per condition, 
for example. Note that this is power for ALL 5 
comparisons of interest being significant 

Power by N and # of Trials

0.1

0.08

0.06

0.03

0.25

0.21

0.16

0.1

0.41

0.37

0.3

0.19

0.56

0.51

0.43

0.31

0.68

0.62

0.55

0.43

0.76

0.71

0.65

0.52

0.82

0.79

0.72

0.61

0.87

0.84

0.78

0.68

0.9

0.88

0.83

0.74

0.93

0.9

0.88

0.79

0.95

0.93

0.9

0.82

50 75 100 125 150 175 200 225 250 275 300

# of Subjects

20

16

12

8

# 
of

 T
ria

ls
 P

er
 C

on
di

tio
n

W-W B-B W-B B-W
50

60

70

80

90

100

Pe
rc

en
t C

or
re

ct

N = 41

Note:	for	my	actual	power	analysis,	
applied	exclusion	criteria	as	well	(not	
currently	implemented)	
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Modeling the Exchange 



Modeling the Exchange 
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Modeling the Exchange 

After 2nd Cross 
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