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GAISE

 Guidelines for Assessment and Instruction in 

Statistics Education

 Recommendations for teaching introductory 

statistics at college level

 Comparable guidelines at PreK-12 level

 Developed by American Statistical Association

 Originally in 2005, revised in 2016

 www.amstat.org/education/gaise
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Poll question #1

 How would you describe your comfort level 

with teaching statistics?

 1: Terrified, feel like I know nothing!

 2: Some comfort, but lots to learn

 3: Fairly comfortable, but still a ways to go

 4: Quite comfortable, always looking for new ideas

 5: I know everything, just here to stir up trouble!
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Poll question #2

 How familiar are you with GAISE 

recommendations (before two minutes ago)?

 1: Never heard of GAISE

 2: Have heard of GAISE but that’s it

 3: Have perused GAISE report or attended a 
presentation about GAISE

 4: Have thought a good bit about how GAISE 
relates to my teaching of statistics

 5: Could recite GAISE recommendations verbatim
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GAISE recommendations

1. Teach statistical thinking.

2. Focus on conceptual understanding.

3. Integrate real data with a context and 

purpose.

4. Foster active learning.

5. Use technology to explore concepts and 

analyze data.

6. Use assessments to improve and evaluate 

student learning.
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1. Teach statistical thinking

 Example 1: Sex discrimination?

 Men: 533/1198 ≈ .445 were accepted

 Women: 113/449 ≈ .252 were accepted

 Does this provide evidence of discrimination 

against women? 
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1. Teach statistical thinking

 Program A

 Men: 511/825 ≈ .619

 Women: 89/108 ≈ .824

 Program F:

 Men: 22/373 ≈ .059

 Women: 24/341 ≈ .070
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1. Teach statistical thinking

 What’s surprising about these percentages?

 Men had a much higher acceptance rate than women 
overall

 But women had a higher acceptance rate than men 
in each program

 Explain how this happened, using the data given

 Most men applied to the program with high 
acceptance rates (A)

 Most women applied to the program with low 
acceptance rates (F)
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1. Teach statistical thinking

 Example 2: Cancer pamphlets

 Determine median for each distribution.

 Do medians reveal that pamphlets are written 

at appropriate levels to be read by patients?
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1. Teach statistical thinking

 Median = 9th grade for both (patients, pamphlets)

 Does this mean that pamphlets’ readability levels 

are well-matched to patients’ reading levels?

 No! Need to compare distributions, not centers

 Many patients (17/63 ≈ 27%) have reading level below 
that of simplest pamphlet

Rossman Montgomery College - February 2021 10



1. Teach statistical thinking

 Visual displays can be illuminating
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1. Teach statistical thinking

 Example 3: Draft lottery

 On December 1, 1969, the United States 

implemented a lottery to draft young men into 

the military (https://www.youtube.com/watch?v=-p5X1FjyD_g)

 Each of the 366 birthdays of the year was 

assigned a draft number

 Those with smaller draft numbers were drafted

 Find your birthday’s draft number

 Any 236s?
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1. Teach statistical thinking
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1. Teach statistical thinking

Rossman Montgomery College - February 2021 14



1. Teach statistical thinking

 Any reason to doubt randomness?
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1. Teach statistical thinking

 Calculate median 

draft number for each 

month

 Draft numbers sorted 

within each month 

from smallest to 

largest
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1. Teach statistical thinking

 Calculate median draft number for each month

Jan 211 Jul 188

Feb 210 Aug 145

Mar 256 Sep 168

Apr 225 Oct 201

May 226 Nov 131.5

Jun 207.5 Dec 100

 Do you see a pattern/trend?
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1. Teach statistical thinking

 Any reason to doubt randomness?
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1. Teach statistical thinking

 How often would 

such an extreme 

outcome occur with a 

truly random lottery?
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1. Teach statistical thinking

 How often would 

such an extreme 

outcome occur with a 

truly random lottery?

 What statistic might 

you use to determine 

“extreme”-ness?
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1. Teach statistical thinking

 How often would 

such an extreme 

outcome occur with a 

truly random lottery?

 What statistic might 

you use to determine 

“extreme”-ness?

 Correlation ≈ -0.226
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2. Focus on conceptual understanding

 Example: Mean/average

 I suspect that when I moved from PA to CA, 
the average IQ dropped in both states!

 Is this possible?

 What would have to be true (in principle) 
for this to happen?

 Yes, if (my IQ > average IQ in PA)

and (my IQ < average IQ in CA)
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2. Focus on conceptual understanding

 Example: Variability/SD

 Suppose that Abby records the ages of 

customers at The Avenue (on-campus snack 

bar) from 11am-2pm today, while Mary 

records ages of customers at McDonald’s 

(near freeway).  

 Who will have the larger standard deviation of 

customer ages: Abby or Mary?  Explain.
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2. Focus on conceptual understanding

 Example: Measuring distance as number of 

SDs away from something

 Exam scores have mean 70, SD 8

 Arturo’s score is 75

 Bella’s score is 1.5 SDs above Arturo’s

 What is Bella’s score on the exam?
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2. Focus on conceptual understanding

 Example: Correlation

 Suppose that every student in our class 

scored 5 points lower on the second exam 

than on the first exam.

 What would be the value of the correlation 

coefficient between exam1 score and exam2 

score?

 Options: -5, -1, -0.5, 0, 0.5, 1, 5
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3. Integrate real data

 Example: Facial prototyping

Do people tend to associate names with faces? 

(Lea, Thomas, Lamkin, & Bell, 2007) 

Who is on the left: Bob or Tim?
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4. Foster active learning

Example: Facial prototyping (cont)

 36 of 46 students put Tim on the left

 What are two possible explanations for our 
observed sample result?

 Which explanation can we investigate/model?  
How?  

 How often would such an extreme sample result 
occur by chance alone (if there were no facial 
prototyping)?

 Have students flip coins to investigate
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5. Use technology to explore concepts

 Facial prototyping: 10,000 simulated samples 

of 46 students

 Very strong evidence that people have a 

genuine tendency to put Tim on left
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6. Use assessments to improve learning

 Almost every example

a) What are the observational units in this study?

b) What are the variables in this study?  Which 

are categorical; which are numerical?  Which 

is explanatory; which is response?

c) Did this study make use of random sampling, 

random assignment, both, or neither?

d) Is this an observational study or an 

experiment?
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6. Use assessments to improve learning

 Almost every example

a) What are the observational units in this study?

b) What are the variables in this study?  Which 

type is which variable?  Which variable plays 

which role?

c) Did this study make use of random sampling, 

random assignment, both, or neither?

d) Is this an observational study or an 

experiment?
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6. Use assessments to improve learning

 Example (probability):

 A recent survey revealed that 48% of 

households in the U.S. have a pet dog, and 

37% have a pet cat.  

 Does it follow that 48% + 37% = 85% of 

households in the U.S. have a pet dog or a pet 

cat?  Explain why or why not.
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6. Use assessments to improve learning

 Create an example of 10 exam scores such 

that the mean is at least 20 points less than 

the median and the IQR = 0.

 Create an example with 100 dog owners and 

50 cat owners, such that the proportion of 

dog owners who have taken their pet to a vet 

in the past year is more than two times larger 

than the proportion of cat owners who have 

taken their pet to a vet in the past year.  
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6. Use assessments to improve learning

 Suppose that you want to test whether one-

third of all adults in your county have a tattoo.  

Create an example of a sample with 500 

people such that the two-sided p-value is less 

than .01.

 Create an example of 10 body temperatures 

such that the sample mean is 98.0 and a 

95% CI for the population mean does not 

include the value 98.6.
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6. Use assessments to improve learning

 Example (adapted from Jay Lehmann):

a) Which would be larger – the mean weight of 

10 randomly selected people or the mean 

weight of 1000 randomly selected cats?  

Explain briefly.

b) Which would be larger – the standard 

deviation of the weights of 1000 randomly 

selected people or the standard deviation of 

the weights of 10 randomly selected cats?  

Explain briefly.

Montgomery College - February 2021 34Rossman



6. Use assessments to improve learning

 Many of my students think that larger sample 

size produces smaller SD

 Do not realize that SD of the sample mean 

(or sample proportion) gets smaller as 

sample size increases

 Advice: When you talk about SD, always 

emphasize SD of what
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My cats
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New emphases in GAISE revision

1. Teach statistical thinking
a) Teach statistics as investigative 

process of problem-solving and 
decision-making

b) Give students experience with 
multivariable thinking
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1a. Investigative process
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1a. Investigative process

39

Logic of
Inference

Scope of
Inference

Significance
Estimation

Generalization
Causation

6. Look back and 
ahead

1. Ask a research 
question

Research Hypothesis

2. Design a study 
and collect data

3. Explore the data

4. Draw   inferences 

5. Formulate 
conclusions
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1b. Multivariable thinking

 Example: Lung capacity and smoking

 t = 7.15

 p-value ≈ .0000

 What’s going on here???

Montgomery College - February 2021

yes

no

654321

S
m
o
k
e
?

FEV

40Rossman



1b. Multivariable thinking (cont)

 Confounding variable

 These data are from 

children aged 3 – 19

 How does age 

explain why smokers 

have significantly 

larger lung capacities 

than non-smokers?
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1b. Multivariable thinking (cont)

 Age is associated with both smoking status 

and lung capacity
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1b. Multivariable thinking (cont)

 Let’s look at all three variables together
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1b. Multivariable thinking (cont)

 Let’s look at all three variables together
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1b. Multivariable thinking (cont)

 After controlling for 

age, smokers have 

smaller lung capacity 

than non-smokers 

(12 or older)

 Rate of increase in 

lung capacity per 

year of age is smaller 

for smokers than for 

non-smokers
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GAISE: Goals for introductory students

1. Become critical consumers.

2. Be able to apply investigative process.

3. Produce and interpret results of graphical 

displays and numerical  summaries.

4. Recognize and explain fundamental role of 

variability.

5. Recognize and explain central role of 

randomness in designing studies and 

drawing conclusions.
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GAISE: Goals for introductory students

6. Gain experience with statistical models, 

including multivariable ones.

7. Demonstrate understanding of, and ability to 

apply, statistical inference in variety of 

settings.

8. Interpret and draw conclusions from 

standard output of statistical software.

9. Demonstrate awareness of ethical issues 

associated with sound statistical practice.
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48

My teaching philosophy

 What’s the key to  
being a successful 
singer?

 Sing Good Songs
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49

My teaching philosophy

 What’s the key to effective teaching?

 Ask Good Questions
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“Ask Good Questions” blog

 Ideas, examples, activities, assessments and 

advice for teaching introductory statistics

 Three goals

 Practical, for direct use with students

 Thought-provoking, for discussion with peers

 Casual writing style, fun to read

 One post/essay per week

 Published on Mondays at 11am ET, 8am PT

 askgoodquestions.blog
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U.S. Conference on Teaching Statistics
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Thanks very much!

 arossman@calpoly.edu

 www.amstat.org/education/gaise/

 www.rossmanchance.com/applets

 www.causeweb.org/uscots/uscots21/

 https://askgoodquestions.blog
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