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on an Intuitive Level  



Motivation for Teaching 
Randomization-Based Methods 

• A conceptually simpler alternative to developing 
understanding of the logic of hypothesis tests and 
the meaning of related concepts such as the null 
hypotheses and p-values. 

• Puts inference at the beginning of the course – 
students can make decisions based on data 
throughout the course rather than waiting until 
the end of the course. 

• Students transition to traditional methods easily. 

• Changes actually helped me gain extra time! 



 “Our curriculum is needlessly complicated 
because we put the normal distribution, as an 
approximate sampling distribution for the mean, 
at the center of the curriculum, instead of putting 
the core logic of inference at the center.”   

 

George Cobb (USCOTS 2005) 



Background 
• Beyond AP Statistics 2012 San Diego 

– Teaching Inference Using Randomization Tests 
• Allan Rossman, Beth Chance, Robin Lock 

 

• Statistics: Unlocking the Power of Data November 
2012, Lock5 

 

• StatKey  www.lock5stat.com 
 
• JMM, Baltimore, January 2014 

– MAA Ancillary Workshop on Teaching the Statistical 
Investigation Process with Randomization-Based 
Inference  
• Nathan Tintle, Patti Frazer Lock 

 



Randomization Tests:   
Examples of where they fit in the curriculum 

•  Topic 1: Data Description 
  Hiring Discrimination (Difference in Proportions) 
 The Practice of Statistics, 4th edition, Yates, Moore, and Starnes 

 
  Subliminal Math Messages (Difference in Means) 

  The Practice of Statistics, 4th edition, Yates, Moore, and Starnes 
 

Modern Art:  Artist or Child? (Analyzing Two-Way 
Tables) 

 Stats: Modeling the World, 4/e.  Bock, Velleman, DeVeaux 
 

 Is there one true love for each person?  
Unlocking the Power of Data by Lock, Lock, Lock, Lock and Lock, John 
Wiley and Sons 

 

   



• Topic 2:  Sampling & Experimental Design 
  Memory Game (Difference in Means) 
 Adam Shrager 

 Pulse Rates (1-Sample Matched-Pairs) 
Orbital Express (Difference in Means) 
 Data in Depth: Exploring Mathematics with Fathom, Erickson, Key Curriculum Press 

Data Collection Project  
 The goal of this project is to demonstrate an understanding of 
the connections between collecting, analyzing, and using 
statistics to answer a question of interest. In this project you will 
collect and analyze your own data for either a difference in 
means or a difference in proportions.  

•    Topic 3: Linear Regression 
  Tootsie Pops and Hand Spans 

 Adapted from http://statweb.calpoly.edu/mcarlton/food/index.html 

  Linear Regression Data Collection Project 

    

  

http://statweb.calpoly.edu/mcarlton/food/index.html


Inference for Experiments:   The Memory Game 
Created by Adam Shrager 
 
In this activity students are randomly assigned to one of two 
teams as they enter the classroom.  
 
Inform the class that in order for the game to “work,” they must 
be absolutely silent for the next five minutes.  Tell them that they 
are playing a competitive memory game.   
 
Randomly determine which group receives which set of 
instructions: control (no training) and treatment (memory 
visualization training).  You need to be subtle about the 
distribution of papers so they don’t notice that there are two 
different sets of directions. 
 



Common Directions 

• Over the next few minutes, we will test your memory.  This 
is NOT an IQ test.   When the game is over, you will have an 
opportunity to compare your memory with others in the 
room, however, it is not a competition among individual 
students.   

  
• The teacher will read the class a list of statements.   You 

may not write anything down and you may not talk or 
communicate with anyone.  After the list of statements is 
complete, everyone in the class will silently attempt to 
answer a series of questions regarding the statements you 
just heard.  Answers will be marked either right or wrong, 
and your answer sheet will be anonymous. 

 



Additional Directions 

Control Group (No Training) 

You will be handed the list of 
questions as soon as the 
teacher finishes reading the 
statements.  For the next few 
minutes, your task is to LISTEN 
quietly and TRY NOT TO 
FORGET what you hear. 

 

Treatment (Visualization) 
You will be handed the list of 
questions as soon as the teacher 
finishes reading the statements.  
For the next few minutes, your 
task is to LISTEN quietly.   The 
BEST TECHNIQUE for short term 
memory recall is to VISUALIZE 
whatever you hear.  For example, 
if the teacher says “the red 
motorcycle was in the barn,” you 
might picture a red motorcycle in 
a barn.  ATTEMPT TO VISUALIZE 
IN YOUR MIND all of the 
statements the teacher reads! 

 







visualize control 
18 15 
15 14 

18 14 
15 16 
17 7 
14 15 
13 10 
15 11 

Number Correct 

Random Assignment: 
 8 Students Assigned to Control Group (No Memory Training) 
 8 Students Assigned to Treatment Group (Memory Visualization Training) 

Do students who receive the visualization instructions tend to score 
better on the memory test than those who receive the neutral 
instructions?   
Compare the scores on the memory test for the two groups. 



How might you determine if any difference you observed is because of the 
memory training  received, treatment (visualization) or control (no training) 
or could just be a result of chance acting alone (random assignment to 
groups)?   
 

Do the data provide convincing evidence that the memory training 
results in larger increases in memory scores, on average, than the control 
message? 

What if the 1st student in the visualize group who 
answered 18 questions correctly would have gotten that 
same score even if assigned to the control group?   
 
 

visualize control 
18 15 
15 14 

18 14 
15 16 
17 7 
14 15 
13 10 
15 11 

Does teaching students to visualize information 
improve their memory? 

What if the 5th student in the control group 
who answered only 7 questions correctly 
would have gotten that same score even if 
assigned to the treatment group?  



Traditional Inference 
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2. Which formula? 

3. Calculate numbers and 
plug into formula 

4. Plug into calculator 

5. Which theoretical distribution? 

6. df? 

7. find p-value 

0.02 < p-value < 0.025 

2 2

15.625 12.75

1.85 3.105

8 8






2.251

1. Check conditions 

p-value≈  0.023 Thanks to Patti Frazer Lock 
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Traditional Hypothesis Tests 

Students often get so bogged down in what formula to 
use that they fail to see the big picture. 



Students typically do not have difficulty calculating a test 
statistic and p-value and many have memorized some form 
of the steps below when completing a hypothesis test: 

1. Make a Decision:   Reject the null hypothesis or fail to reject the null 
hypothesis. 

2. Criteria for Decision:  Compare p-value to alpha level 
i. if p-value < alpha then reject the null 
ii. If p-value > alpha then fail to reject the null 

3. Context:  restate from the stem of the problem.  

However, when asked to generalize beyond the “mantra” 
that they have memorized, many have difficulty 
understanding the logic behind hypothesis tests and the 
meaning of related concepts such as the null hypothesis and 
p-values. 
 



Hypothesis Testing 
Randomization Approach 

1.  Statistic:  
 

 

 

 

• Decide on a statistic of interest.  

 Difference in Means (Treatment 
– Control) 

  

• Compute the statistic from the observed 
data. 
 

   
 

 

15.625 12.75 2.875visualize controlX X   

An Active Approach to Statistical Inference, Nathan Tintle, Jill Vanderstoep, Todd Swanson  
              STATISTIC  -  SIMULATE  -  STRENGTH OF EVIDENCE  -  SCOPE OF INFERENCE 

Three S Strategy  (I’ve added 1 more to make it 4) 



 

2.  Simulate 
 Identify a model that represents a chance 

explanation. 
 

 Shuffle the group membership (control or 
treatment) so that the only relationship 
between difference in mean scores for the 
two groups is the result of chance variation. 
– Put the scores for both groups on 16 different 

slips of paper. 
– Randomly select 8 slips of paper.  These values 

will be assigned to the treatment group 
(visualize)and the remaining 8 scores will be 
assigned to the control group. 

 

 
 
 

visualize control 
18 15 
15 14 

18 14 
15 16 
17 7 
14 15 
13 10 
15 11 



visualize control 

18 15 

15 14 

18 14 

15 16 

17 7 

14 15 

13 10 

15 11 

Score 
18 
15 
18 
15 
17 
14 
13 
15 
15 
14 
14 
16 

7 
15 
10 
11 

Visualize 

14 

14 

14 

17 

15 

18 

7 10 

13 

Control 

11 

15 

15 

15 

15 

18 

16 
Calculate the difference in the group means (treatment- control) and record on dotplot.  

14 14.375 0.375visualize controlX X    



Volunteers to act this out.   
Put score on 8 ½  x 11 paper and 
stand with your group in front of 

room.  



visualize 7 

visualize 13 

visualize 14 

visualize 14 

visualize 14 

visualize 15 

visualize 17 

visualize 18 

control 10 

control 11 

control 15 

control 15 

control 15 

control 15 

control 18 

control 16 

 Repeatedly simulate values of the statistic that could 
have happened when the chance model is true and 
form a distribution.  
 Have each pair of students write the scores on 16 

separate index cards. 
 Shuffle the cards and randomly assign 8 memory 

scores (the number of students in the visualize 
group) to the visualize group and the remaining 8 
to the control group. 

 Compute the difference in means (visualize-
control) for the two groups. 

 Repeat 10 times 
 Plot difference in means (visualize-control) on class 

dotplot. 
 

 Use the Randomization Distribution to determine if 
our actual results (difference in means visual-control = 
2.875 points) would be considered unusual if memory 
training does not make a difference in a student’s 
recall score. 

 
 
 

Hands-on 
Simulation 



Simulate Using Technology 

StatKey 
www.lock5stat.com 

(Free, easy-to-use, works on all platforms) 



StatKey! 

2.875visualize controlX X 

P-value 

Observed Statistic 

Null Hypothesis  

Entering Data in StatKey 

Data for randomization tests (2).xlsx


 

3.  Strength of evidence: 
 

• Consider whether the value of the observed 
statistic is unlikely to occur when the chance 
model (any differences we observed are the 
result of chance variation)is true. 

• Is the observed difference in means for the 
two groups due to the type of instructions 
received, or could it have occurred just as a 
result of chance acting alone (random 
assignment to groups)? 

• How unusual would it be to obtain a 
difference in means (visualize-control) at 
least as extreme as the 2.875 points we 
observed if there was no treatment effect? 

 

 

 



Visualization Techniques and Memory 
The Conclusion! 

If memory training did not make a difference in students’ 
recall, and any differences observed were the result of 
chance (random assignment), then we would expect to 
observe a mean difference in recall scores as, or more 
extreme than the 2.875 points we observed only about 2 
times in a hundred. The results seen in the experiment are 
unlikely to happen just by random chance (just 2 times out 
of 100!) 

We have convincing evidence that 
visualization training does improve 
students’ memory! 



Null Hypothesis 

• Statement of no effect 

• Any differences we observed are the result of chance 
variation 

P-value - the probability of obtaining a sample difference as or more extreme than we 

did as a result of chance variation. 
 



 

4.  Scope of Inference: 
 

• Since we performed a controlled 
randomized experiment, we can say that 
the observed difference in means for the 
two groups is due to the type of instructions 
received. 

• To what larger population can we make our 
inference?  

 

 

 



Inference 

Null Hypothesis 

• Statement of no effect 

• Any differences we 
observed are the result 
of chance variation 

Alternative Hypothesis 

• There is an effect 

P-value 

• The probability of obtaining a sample difference as 
or more extreme than we did as a result of chance 
variation. 



Memory Game Activity 
You Tube Video 

Introduction to Inference Using Simulations & 
Randomization Tests 

https://www.youtube.com/watch?v=AEs527mkxEI 



Randomization Test Summary 

• Statistic:  Decide on a statistic of interest 

– Difference in Means (Treatment – Control) 

 

• Simulate many randomizations assuming there is no effect, in this case the 
memory visualization training has no effect on the student’s recall score  (Null 
Hypothesis) 

– Calculate the statistic for each randomization. 

– Simulate many times 

 

• Strength of Evidence:  Observe how likely it is to obtain sample results as or more 
extreme than you did as a result of chance variation (no treatment effect). 

– This is the p-value 

• Statistical Significance.  If results as or more extreme than you observed in 
your sample would not likely occur as a result of chance, then it is more 
likely that the difference observed is a result of the treatment. 

 

• Scope of Inference:  To what larger population can we make our inference?  

 

 

 



“Randomization-based inference makes 
a direct connection between data 
production and the logic of inference 
that deserves to be at the core of every 
introductory course.”  
    

- Professor George Cobb, 2007 



 

Tootsie Pop Activity 
 

Activity/Handout: 
http://statweb.calpoly.edu/mcarlton/food/index.html 
 

Analyzing Linear Regression Slope  
as a Random Variable 

http://statweb.calpoly.edu/mcarlton/food/index.html
http://statweb.calpoly.edu/mcarlton/food/index.html


Tootsie Pops 

Goal:  To investigate the relationship between 
the width of a person’s hand and how many 
Tootsie Pops that person can grab. 

and Hand Span 



After completing the linear regression lab 

 

Slope = 1.72 

We attempted to answer the question,  



Do the data from our class provide convincing evidence 
of an association between hand width and number of 
tootsie pops grabbed?  

Slope = 1.72 



What would we expect the scatterplot to look like? 

What if there was no association between the width of 
a person’s hand and the number of tootsie pops they 

could grab? 



Attribute # of Tootsie Pops grabbed shuffled 
and randomly assigned to a hand span. Original Data 

Any relationship between # of tootsie pops 
grabbed and hand span only what we would 
expect to see as a result of chance variation. 

tootsie pop activity

HandSpan TootsiePops <new>

1

2

3

4

5

6

7

8

9

10

11

12

13

23 27

19.5 25

20 24

17.5 16

19 19

20.1 17

18.5 18

16 10

18 17

19 24

19.8 21

19 25

17 19

Scrambled tootsie pop activity

HandSp... Tootsie... <new>

1

2

3

4

5

6

7

8

9

10

11

12

23 16

19.5 24

20 27

17.5 14

19 24

20.1 18

18.5 20

16 34

18 25

19 25

19.8 17

19 17



Scrambled the # of tootsie pops grabbed and randomly 
assigned them to student’s hand-spans. 

Original Data 

Slope = 1.93 

Simulation 1 

Slope = 0.901 



Simulation 2 

Slope = - 0.0534 

Original Data 

Slope = 1.72 

Simulation 3 

Slope =  0.426 



How can we tell if our regression slope is significantly 
different from zero? 

“Scrambled” # of tootsie pops grabbed and 
randomly assigned to a hand width. 

Calculate Slope 
Simulated 1,000 times 

reg_slope

-1.0 -0.5 0.0 0.5 1.0

Measures from Scrambled Collection 1 Dot Plot

This distribution shows the slopes that could 
happen just by chance, assuming that there is 
no relationship between hand width and # of 
tootsie pops grabbed.  How can it help us 
determine if the slope from our class is 
statistically significant? 

Slope = 1.72 



SIMULATION ON STATKEY 

Questions? 

Data for randomization tests (2).xlsx
Data for randomization tests (2).xlsx
Data for randomization tests (2).xlsx


Thank you  
to  

Robin Lock,  
Patti Frazer Lock 
Allan Rossman,  

BethChance, 
and 

Nathan Tintle 


