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We must help students make 

sense of data that surround them 

–



Global Pandemic – What Questions 

Might Students Ask?



Knowing how to ask the right 

questions – Screening Tests



What is  

Catalyzing 

Change in High 

School 

Mathematics?

Why now?



The steady improvement in mathematics 

learning at the elementary and middle levels 

has not been shared to the same degree at 

the high school level. 

Large numbers of high school students do not 

have access to the mathematics they need 

either for their personal or for their 

professional lives.

NCTM. (2018). Catalyzing change in high school mathematics: 

Initiating critical conversations. Reston, VA: NCTM. 
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Four Key Recommendations

• The purpose of learning mathematics and 
Essential Concepts

• Equitable Structures

• Equitable Instruction

• A Common Essential Concepts Pathway



The Purposes of School 

Mathematics and Statistics

• Expand professional 

opportunities

• Understand and critique 

the world, and

• Experience the joy, 

wonder, and beauty of 

mathematics and 

statistics.

NCTM, 2018



Outline

Catalyzing Change 

• Reasons for teaching mathematics and 

statistics

– To make sense of the world

• our world as teachers

• the world in which we live

• What statistical concepts should we teach?

• How can we make this happen in our 

classrooms?



Why quantitative literacy and 

statistics in my world?



Our scores are improving!

Michigan NAEP grade 8 scores

NAEP Data Explorer

QL: To understand numbers in everyday contexts



Our scores are improving! But what 

about the gaps?

Michigan NAEP grade 8 scores

Year 

Average 
scale 
score 

Standard 
deviation 

2017	 280	 39	
2015	 278	 36	
2013	 280	 36	
2011	 280	 35	
2009	 278	 36	
2007	 277	 36	
2005	 277	 36	
2003	 278	 36	
2000	 273	 38	
2000¹	270	 37	
1996¹	272	 36	
1992¹	268	 36	
1990¹	264	 34	
 NAEP Data Explorer



Margin of Error— “The margin of error around the student score is an 
estimate of the range or scores one would expect if the same student 
was to be measured repeatedly with parallel assessments.” (Michigan 
M-Step Final Reports Webcast 2016)

What do 

you 

notice? 

Wonder?

QL: Apply probabilistic thinking to decision making



Margin of Error— “The margin of error around the student score is an 
estimate of the range or scores one would expect if the same student 
was to be measured repeatedly with parallel assessments.” (Michigan 
M-Step Final Reports Webcast 2016)

What do 

you 

notice? 

Wonder?

QL: Apply probabilistic thinking to decision making



Flores, S. (2014). Quantifying the Achievement Gap: Baseline characteristics of African-American 

Student Achievement in Michigan 

QL: Interpret 

visual 

representations 

of data.



QL: Apply probabilistic information to decision making, and 

understand the limitations of such reasoning



“We are completely data driven”

• “Guidelines for data 

walls - Connecticut 

State Department of 

Education”

“CSD1 data wall encourages 

student success”

Analyzing student assessment data shows no evidence of 

effectiveness in raising student test scores (Hill, 2020)



To make sense of the world in 

which we live



Help teachers bring in math in “life”

• “K–8 mathematics is visible in students’ daily 

lives; numbers and geometry in the curriculum 

are more directly evident in the world—students 

find examples in their daily activities of 

counting, sharing, using money, building, …”

• The mathematics in the high school curriculum 

is less immediately evident in the world that 

students encounter in their daily lives—but it is 

no less important

• Make secondary school “number sense” and 

mathematical thinking important….
NCTM, 2018



Making Decisions Related to 

One’s Health



Quantitative literacy in Medicine
• In one study, over 75% of gynecologists estimated that a 

woman whose mammogram was positive had a higher 

than 80 percent chance of having breast cancer; the 

reality is her chance is about 7 percent, less than 10 

percent. (Morgan, D. Washington Post, Oct 2018)

• What does 7% represent? What is the difference in a false 

positive rate and a positive predictive value? For a 

screening mammogram, false positive rate is estimated to 

be about 14%. What happens to a false positive patient? 

Further testing…. What happens if have false negative 

with estimated rate of 13% percent.

• At any given time of testing, it is estimated a female will 

have breast cancer at about 1%. This is the prevalence 

rate for the population.



Percents vs Counts – Finding False 

Positive

• False Positive: 1188/9900 = 14%

• Chance have cancer given a positive = 86/1274 

= 6.75% 



Quantitative literacy in Medicine

• For the Coronavirus screening test, what is the 

sensitivity of the test – P(positive given have 

coronavirus)? 

• What is the positive predictive value?

• False negative rate? False positive rate?

• Is it more important to minimize the false 

negative or false positive rate?

• How does antibody blood test differ from 

common screening test? Why is it used?



American Statistical Association/New York Times 

Partnership: What’s going on in this graph?

https://www.nytimes.com/column/whats-going-on-in-this-graph



Statistics Teacher Journal



Understand and critique the world

“Students should be able to identify, interpret, evaluate, and 

critique the mathematics embedded in social, scientific, 

commercial, and political systems, as well as the claims 

made in the private and public sectors and in public interest 

group pronouncements (Ernest 2010).” 

Students should leave our educational institutions with the 

ability to reason and make sense of information, know what 

questions to ask when confronted with data and conclusions 

from data, understand what “evidence” is and why it is 

important, and know how to deal with alternate truths as well 

as inconvenient facts.



Essential Concepts

• “… outline a common shared pathway- a 

progression of courses that all students 

take- as part of high school mathematics 

education.” p. 9

• “… experience the foundational 

mathematics that [all students] will need 

for whatever future path they pursue.” p. 9

• Domains: Number, Algebra & Functions,  

Geometry & Measurement, Statistics & 

Probability
NCTM, 2018



Essential Concepts Statistics & 

Probability build from middle grades
Knowledge of different types of data (e.g., 

quantitative, categorical)

Knowledge of shapes, measures of center 
and of variability

 Familiar with graphical representations of 
data

 Fitting linear models to data

Use of simulation to investigate behavior of 
samples  

Basic probability concepts



High School Statistics & 

Probability
 Focus 1: Quantitative Literacy 

2 Essential Concepts 

 Focus 2: Visualizing and Summarizing Data 

6 Essential Concepts

 Focus 3: Statistical Inference 

7 Essential Concepts

 Focus 4: Probability 

2 Essential Concepts
NCTM, 2018



Quantitative Literacy includes the 

ability to
 use estimation and scale to place quantities in 

context;

 understand numbers as used in everyday discussions; 

 create and interpret visual representations of data;

 engage with real data and assess its validity;

 understand the difference between association and 

causation and the different ways variables might be 

linked; 

 explore and analyze statistical models, and

 generate and apply probabilistic information to 

decision making, and understand the limitations of 

such reasoning. 

Adapted from National Council of Teachers of Mathematics, 2018



Using 

real data 

from real 

contexts:

not 

always 

clean 

and 

usable



QL: Sometimes numbers tell 

a better story.

Flores, S. (2014). Quantifying the 

Achievement Gap: Baseline characteristics 

of African-American Student Achievement 

in Michigan 

Making Sense with Percent

say 1000 students in state

Math:

17% or 170 African American

Bottom 30%, 300 students

31% of 300, gives 93 African 

Americans. So 93/170 or 55% 

African Americans are in the 

bottom 30% of the scores in 

math.

3% or 30 are Asian

1% of 300 is 3. So 3/30 or 10% 

Asians are in the bottom 30% of 

the scores in math and likewise, 

1/12 or 8% are Hispanic



Statistical modeling: “Is women’s 

income catching up to men’s?



Median 

Income of 

fulltime 

workers 15 

and older (in 

2018 

dollars)

Hegewisch, et al, 2018)

QL:  Modeling with data



Is women’s income catching up?



Is women’s income catching up to men’s?



Is women’s income catching up to men’s?  

Yes, but…



Key Recommendation

NCTM. (2018). Catalyzing change in high school mathematics: 
Initiating critical conversations. Reston, VA: NCTM.

High schools should offer continuous four-year 
mathematics pathways with all students 
studying mathematics each year, including two 
to three years of mathematics in a common 
shared pathway focusing on the Essential 
Concepts.



Pathway A—Geometry First

2 ½ Years
 Grade 9: Geometry and Measurement Essential 

Concepts followed by Statistics and Probability 

Essential Concepts 

 Grade 10: Algebra and Functions Essential Concepts

 First Half of Grade 11: Integrate Algebra, Geometry, 

and Statistics with emphasis on practices and 

processes.

• Note: Need for “targeted instructional support” for 

those beginning grade 9 without necessary foundation 

in K-8 mathematics curriculum; Guard against race to 

calculus 



Pathway B—Integrated Approach

3 Year

 Grade 9: Integration of geometry and 

measurement with statistics and probability

 Grade 10: Algebra and functions

 Grade 11: Integration of functions, modeling and 

statistical inference



Possible Course Options

beyond the Essential Concepts
• Precalculus

• AP Calculus

• AP Statistics

• IB Mathematical Studies

• Quantitative Literacy

• Financial Mathematics

• History of Mathematics

• Mathematical Modeling

• Discrete Mathematics

• Advanced Quantitative 

Reasoning (AQR) / Advanced 

Mathematical Decision Making 

(AMDM) (Dana Center 2017)

• Statway and Quantway

(Carnegie Math Pathways 

2017)

• Math Ready: Ready for 

College-Level Math (Southern 

Regional Education Board 

2016)



The Challenge

• Incorporate statistical thinking into your 

curriculum to give students the power to 

understand and make sense of the data in 

their world, making data-based decisions 

about issues that matter to them and to 

the larger community in which we all live.

• Questions?



•Pre-K-12 GAISE report (2007)

•SET – Statistical Education of Teachers (2015)

•Pre-K12 GAISE updated – roll out October 2020 at 

NCTM Fall Conference

•FOCUS on Statistics: Investigations for the Integration 

of Statistics into Grades 9-12 Mathematics Classrooms 

(2020) https://www.amstat.org

Go to Education menu

Resources

https://www.amstat.org/


Essential Understandings for Statistics: 6-8 and 

9-12

Catalyzing Change

More 4 U

Resources



Resources for Assessment



Future Jobs – In Statistics



Data Scientist: Sexiest Job of 

the 21st Century

• Harvard Business 

Review
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