


Essential Concepts 
�  … outline a common shared pathway- a progression 

of  courses that all students take- as part of  high 
school mathematics education. 

�  … experience the foundational mathematics that [all 
students] will need for whatever future path they 
pursue.  

�  Domains: Number, Algebra & Functions,  Geometry 
& Measurement, Statistics & Probability 

NCTM, 2018 



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; 

�  locate data and assess its validity; 
�  understand the difference between association and 

causation and the different ways variables might be 
linked; and 

�  generate and apply probabilistic information to 
decision making, and understand the limitations of 
such reasoning.   

National Council of  Teachers of  Mathematics, 2018 



What statistical content is 
important- number? 

�  Interpreting percents in terms of  a context 
�  What is the base? 

�  Connecting percents to decimals 

�  Making sense of  fractions in a context 

�  Making sense of  ratios in contexts 

�  How to read and and interpret data in a two way 
table (and to organize data in a two-way table) 

�  What is meant by probability (the basic definition), 
chance 

�  Risk and relative risk 



What statistical content is 
important – data? 

�  Interpreting graphs (standard ones such as histograms, bar 
graphs, box plots, dot plots, scatterplots and non standard 
ones) 
�  What to look for to make sense of  a graph (labels, title, 

scales, …) 
�  What questions to ask about a graph (what are the 

data, where did they come from, who created the 
graph, what is the story the graph is trying to tell…) 

�  Understanding what is meant by median, mean, 
standard deviation, outlier 

�  Correlation 
�  What does it tell you and what does it not tell you 

�  Regression equations 
�  Fitting lines to data and what to look for in terms of  

“fit”  
�  Interpreting slope, describing trends 



What content is important - 
sampling 

�  Recognizing the importance of  thinking about and 
recognizing variability 

�  Understanding what is meant by words such as 
random, random chance, random samples, 
significant 

�  Accurately interpreting margin of  error in different 
contexts 

�  Connecting a graph including a sampling distribution 
to probability of  an outcome 



Conditional probabilities can be computed 
from data organized in contingency tables. … 

�  Consider the test results and having the disease 
�  The probability of  testing positive given that the 

person does not have the disease can be found by: 

Number of  Positive Test and Not Diseased  

Total Not Diseased                

 = 7830/99,800 ≈ 0.078  
NCTM, 2018 



Newspaper Headlines 

 

“Women’s Income is Catching 
up to Men’s” 

 

 



Hegewisch, Phil, & William-Baron, 2017 



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

Y-=308,18x-57876 

y=114.39x-177482 

y=28.18x-4998 

(2054,$53,256) 
 



What is typical and what is not can be 
used to compare two or more subgroups 

with respect to a variable. 
 

Compare the heart rates of  the students before and after 
exercise. 
  

  
  
 
 
 
 



Quantitative Literacy with functions 

Write 
three 
sentences 
to tell the 
story 
described 
by the 
graphs. 
 
 

Roser & Ortiz-Ospina, 2017 

Boehmke, B, 2015 Wagner, 2014 

England, 2017 



American Statistical Association/
New York Times Partnership 

https://www.nytimes.com/2017/09/06/learning/announcing-a-new-monthly-
feature-whats-going-on-in-this-graph.html & ASA 



�  Stephen Curry typically makes about 60% of  his 
field goal attempts. In 2017 he went into a slump 
and was making only about 9 shots in every 20 
attempts. Was he really in a slump? 



�  Stephen Curry typically makes about 60% of  his 
field goal attempts. In 2017 he went into a slump 
and was making only about 9 shots in every 20 
attempts. Was he really in a slump? 

�  Outcomes vary by chance as well as for other 
reasons. Is making only 9 shots in 20 attempts 
surprising – or is it just variability due to chance? 

Building Concepts: Statistics and Probability, Probabiity and Simulation 



Real data 
are not 
always 
clean 
and 

usable 



Using real data 

Armspan 11th graders from Census at School sample 

Technology can be used 
to “clean” and organize 
data, including very 
large data sets, into a 
useful and manageable 
structure—a first step in 
any analysis of  data. 
 



The data: 
British children 

ages 9 to 11 

Robson, L. (2016). The Human Body – a Lean Mean 
Exercise Machine, The Heart Teachers notes. 
Department of Biomedical Science, University of 
Sheffield www.coursehero.com/file/16351710/Heart-
teachers-notes/ 
 



What is typical can be used to describe a 
distribution with respect to a variable. 

 
Describe the resting heart rates of  the 

students in the study. 
  

  
  
 
 
 
 



The International Association for 
Statistical Education 



Collecting and analyzing 
data 

�  New technology and the so-called data revolution 
make it easier, faster and cheaper to produce data 
that decision makers need to make informed 
choices on policies and priorities. However, simply 
producing more data is not enough: data must be 
transformed, analysed and used to be useful for 
policy making, monitoring and accountability. (OECD, 
2017) 



In an era of  fake news and alternative facts, good data 
are even more vital. All citizens have the right to true, 
reliable and accessible information. This is 
particularly important in the development field, since 
world leaders adopted the transformative 2030 
Agenda for Sustainable Development in September 
2015. Achieving the Sustainable Development Goals 
(SDGs) will require informed choices about priorities 
and strategies, and for this we will need a better 
evidence base than we have today.(OECD, p. 3) 







Data Actions OECD 
�  Data action 3. Boost statistical capacity and data 

literacy through new approaches.  

�  New, more comprehensive approaches to statistical 
capacity development need to be developed and 
piloted that go beyond building capacity to collect 
data, to building the capacity of  national statistical 
offices to play an evolving and multifunctional role 
in the (OECD, 2017) 



OECD Data Actions  



The International Association for 

Statistical Education 
�  How do we give people the right tools to help them 

successfully make informed decisions based on 
data?  



Your role---- 
�  Give students real and relevant problems with 

genuine complexity from the start (Parsons,  De 
Veaux, Ocampo) 

�  Provide “deep learning” not just procedures 
(Chiesi) 

�  Build supportive learning environments and 
learning management  (Lee, Vinje, D’Amelio, 
Berens) 

�  Recognize that many students will need to be 
critical consumers while not so many others need 
to be capable and responsible producers (de 
Veaux) 

�    



Developing a critical attitude 
�  Helping students learn to communicate and assess 

statistical thinking, actually using the data in their 
reasoning or to justify their answers (Ostergaard) 

�  Enable students to make sense of  and reason with 
data in two-way tables (Puloka) 

�  Increased attention to critical evaluation and 
methodology, official statistics, civic knowledge, 
social policy in framing documents such as GAISE 
(Ridgeway) 

�  Work to ensure that assessments measure what we 
value (Nicholson, Elbehary, Vaiman)  



Making statistics useful 
�  Jay Mandrekar described a project designed to 

reduce the complexity of  collecting information to 
help doctors diagnose illness in their patients 

�  Guttorp argued statistical analyses are often simply 
calculating p-values without understanding the 
importance of  sample size; studies are not 
replicated and single studies are displayed in the 
media as the final scientific word on a subject. 

�  Yap described the lack of  attention in published 
articles to the conditions that underlie the 
inferential techniques used in studies and impact 
the conclusions  



�  Capture student’s imagination and let them 
experience statistics as fascinating and useful  
(Canada, Teran, de Veaux, ...) 



Our goal 
“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).”  



Our goal 
“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. 
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