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Chapter 3 

 
Mathematical Practices Through a Statistical Lens 

 
The upcoming chapters in this report provide recommendations for the statistics that 
elementary-, middle-, and high-school teachers should know and how they should come 
to know it. However, the report also recognizes that knowledge of statistical content is 
supported by the processes and practices through which teachers and their students 
acquire and apply statistical knowledge.  
 
The importance of processes and proficiencies that complement content knowledge are 
well recognized in mathematics education. In Principles and Standards for School 
Mathematics (PSSM) (2000), the National Council for Teachers of Mathematics (NCTM) 
presents five process standards that highlight ways of acquiring and using content 
knowledge: problem-solving, reasoning and proof, communication, connections, and 
representations. In Adding It Up (2001), the National Research Council (NRC) breaks 
down mathematical proficiency into five interrelated strands: conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning, and productive disposition. 
The Common Core State Standards for Mathematics (CCSSM) (2010) builds on the 
processes and proficiencies outlined by NCTM and NRC in its eight Standards for 
Mathematical Practice. CCSSM describes the connection of practice standards to 
mathematical content as follows: 

 
The Standards for Mathematical Practice describe ways in which developing 
student practitioners of the discipline of mathematics increasingly ought to engage 
with the subject matter as they grow in mathematical maturity and expertise 
throughout the elementary-, middle-, and high-school years. Designers of 
curricula, assessments, and professional development should all attend to the need 
to connect the mathematical practices to mathematical content in mathematics 
instruction. 
 
The Standards for Mathematical Content are a balanced combination of procedure 
and conceptual understanding. Expectations that begin with the word 
“understand” are often especially good opportunities for connecting the practices 
to the content. Students who lack understanding of a topic may rely on procedures 
too heavily. Without a flexible base from which to work, they may be less likely 
to consider analogous problems, represent problems coherently, justify 
conclusions, apply the mathematics to practical situations, use technology 
mindfully to work with the mathematics, explain the mathematics accurately to 
other students, step back for an overview, or deviate from a known procedure to 
find a shortcut. In short, a lack of understanding effectively prevents a student 
from engaging in the mathematical practices (NCACBP and CCSSO, 2010, p. 8). 

 
The statistical education of teachers should be informed by the Standards for 
Mathematical Practice as seen through a statistical lens. This chapter interprets the eight 
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practice standards presented in the CCSSM in terms of the practices necessary to acquire 
and apply statistics knowledge. The perspective of a “statistical lens” is established 
through several sources, including the following: 
 

• The PreK–12 GAISE Curriculum Framework (Franklin et al., 2007) 
• Developing Essential Understanding of Statistics Grades 6–8 (Kader and 

Jacobbe, 2013) 
• Developing Essential Understanding of Statistics Grades 9–12 (Peck, Gould, and 

Miller, 2013) 
• The Challenge of Developing Statistical Literacy, Reasoning, and Thinking (Ben-

Zvi and Garfield, 2004) 
• Statistical Thinking in Empirical Enquiry (Wild and Pfannkuch, 1999) 
 

The mathematicians, statisticians, and educators involved in the statistical preparation of 
teachers should strive to connect the mathematical practices through a statistical lens to 
statistical content in the instruction of teachers so teachers may, in turn, foster these 
practices in their students. In the descriptions that follow, we use the term “students” to 
parallel the Standards for Mathematical Practice in the Common Core State Standards; 
but, as with mathematics, the statistical practices also apply to teachers when they are 
learning the content.  
 
1. Making sense of problems and persevering in solving them. Statistically proficient 
students understand how to carry out the four steps of the statistical problem-solving 
process: formulating a statistical question, designing a plan for collecting data and 
carrying out that plan, analyzing the data, and interpreting the results. In practice, the 
components of this process are interrelated, so students must continually ask themselves 
how each component relates to the others and the research topic under study: 
 

• Can the question be answered with data? Will answering the statistical question 
provide insight into the research topic under investigation? 

• Will the data collection plan measure a variable(s) that provides appropriate data 
to address the statistical question? Does the plan provide data that allow for 
generalization of results to a population or to establish a cause and effect 
conclusion? 

• Do the analyses provide useful information for addressing the statistical question? 
Are they appropriate for the data that have been collected? 

• Is the interpretation sound, given how the data were collected? Does the 
interpretation provide an adequate answer to the statistical question? 

 
Students must persevere through the entire statistical problem-solving process, adapting 
and adjusting each component as needed to arrive at a solution that adequately connects 
the interpretation of results to the statistical question posed and the research topic under 
study. Additionally, students must be able to critique and evaluate alternative approaches 
(data collection plans and analyses) and recognize appropriate and inappropriate 
conclusions based on the study design. 
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2. Reason abstractly and quantitatively. Statistically proficient students understand the 
difference between mathematical thinking and statistical thinking. Students engaged in 
mathematical thinking ask, “Where’s the proof?” They use operations, generalizations, 
and abstractions to prove deterministic claims and understand mathematical patterns free 
of context. Students engaged in statistical thinking ask, “Where’s the data?” They reason 
in the presence of variability and anticipate, acknowledge, account for, and allow for 
variability in data as it relates to a particular context. 
 
Although statistical thinking is grounded in a concrete context, it still requires reasoning 
with abstract concepts. For example, how to measure an attribute in answering a 
statistical question, selecting a reasonable summary statistic such as using the sample 
mean (which may be a value that does not exist in the data set) as a measure of center, 
interpreting a graphical representation of data, and understanding the role of sampling 
variability for drawing inferences—all of these require reasoning with abstractions.  
 
3. Construct viable arguments and critique the reasoning of others. Statistically 
proficient students use appropriate data and statistical methods to draw conclusions about 
a statistical question. They follow the logical progression of the statistical problem-
solving process to investigate answers to a statistical question and provide insights into 
the research topic. They reason inductively about data, making inferences that take into 
account the context from which the data arose. They justify their conclusions, 
communicate them to others (orally and in writing), and critique the conclusions of 
others.  
 
Statistically proficient students also are able to compare the plausibility of alternative 
conclusions and distinguish correct statistical reasoning from that which is flawed. This is 
an especially important skill given the massive amount of statistical information in the 
media and elsewhere. Are appropriate graphs being used to represent the data, or are the 
graphs misleading? Are appropriate inferences being made based on the data-collection 
design and analysis? Statistically proficient students are ‘healthy skeptics’ of statistical 
information. 
 
4. Model with mathematics. Statistically proficient students can apply mathematics to 
help answer statistical questions arising in everyday life, society, and the workplace. 
Mathematical models generally use equations or geometric representations to describe 
structure. Statistical models build on mathematical models by including descriptions of 
the variability present in the data; that is, data = structure + variability. 
 
For example, middle school students may use the mean to represent the center of a 
distribution of univariate data and the mean absolute deviation to model the variability of 
the distribution. High-school students may use the normal distribution (as defined by a 
mathematical function) to model a unimodal, symmetric distribution of quantitative data 
or to model a sampling distribution of sample means or sample proportions. For bivariate 
data, students may use a straight line to model the relationship between two quantitative 
variables. With consideration of the correlation coefficient and residuals, the statistical 
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interpretation of this linear model takes into account the variability of the data about the 
line. The statistically proficient student understands that statistical models are judged by 
whether they are useful and reasonably describe the data.  
 
5. Use appropriate tools strategically. Statistically proficient students consider the 
available tools when solving a statistical problem. These tools might include a calculator, 
a spreadsheet, applets, a statistical package, or tools such as two-way tables and graphs to 
organize and represent data. A tool might be a survey used to collect and measure the 
variable (attribute) of interest. The use of tools is to facilitate the practice of statistics. 
Tools can help us work more efficiently with analyzing the data so more time can be 
spent on understanding and communicating the story the data tell us. 
 
For example, statistically proficient middle-school students may use technology to create 
boxplots to compare and analyze the distributions of two quantitative variables. High-
school students may use an applet to simulate repeated sampling from a certain 
population to develop a margin of error for quantifying sampling variability. 
 
When developing statistical models, students know technology can enable them to 
visualize the results of varying assumptions, explore patterns in the data, and compare 
predictions with data. Statistically proficient students at various grade levels are able to 
use technological tools to carry out simulations for exploring and deepening their 
understanding of statistical and probabilistic concepts. Students also may take advantage 
of chance devices such as coins, spinners, and dice for simulating random processes. 
 
6. Attend to precision. Statistically proficient students understand that precision in 
statistics is not just computational precision. In statistics, one must be precise about 
ambiguity and variability. Students understand the statistical problem-solving process 
begins with the precise formulation of a statistical question that anticipates variability in 
the data collected that will be used to answer the question. Precision is also necessary in 
designing a data-collection plan that acknowledges variability. Precision about the 
attributes being measured is essential. 
 
After the data have been collected, students are precise about choosing the appropriate 
analyses and representations that account for the variability in the data. They display 
carefully constructed graphs with clear labeling and avoid misleading graphs, such as 
three-dimensional pie charts, that misrepresent the data. As students interpret the analysis 
of the data, they are precise with their terminology and statistical language. For example, 
they recognize that ‘correlation’ is a specific measure of the linear relationship between 
two quantitative variables and not simply another word for ‘association.’ They recognize 
that ‘skew’ refers to the shape of a distribution and is not another word for ‘bias.’  
Students can transition from exploratory statistics to inferential statistics by using a 
margin of error to quantify sampling variability around a point estimate. Students 
recognize the precision of this estimate depends partially upon the sample size—the 
larger the sample size, the smaller the margin of error. 
 
As students interpret statistical results, they connect the results back to the original 
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statistical question and provide an answer that takes the variability in the data into 
account. Statistically proficient students recognize that clear communication and 
precision with statistical language are essential to the practice of statistics. 
 
7. Look for and make use of structure. Statistically proficient students look closely to 
discover a structure or pattern in a set of data as they attempt to answer a statistical 
question. For univariate data, the mean or median of a distribution describes the center of 
the distribution—an underlying structure around which the data vary. Similarly, the 
equation of a straight line describes the relationship between two quantitative variables—
a linear structure around which the data vary. Students use structure to separate the 
‘signal’ from the ‘noise’ in a set of data—the ‘signal’ being the structure, the ‘noise’ 
being the variability. They look for patterns in the variability around the structure and 
recognize these patterns can often be quantified. 
 
For example, if there is a positive, linear trend in a set of bivariate quantitative data, then 
students can quantify this pattern with a correlation coefficient to measure strength of the 
linear association and use a regression line to predict the value of a response variable 
from the value of an explanatory variable. Statistically proficient students use statistical 
modeling to describe the variability associated with the identified structure.  
 
8. Look for and express regularity in repeated reasoning. Statistically proficient 
students maintain oversight of the process, attend to the details, and continually evaluate 
the reasonableness of their results as they are carrying out the statistical problem-solving 
process. Students recognize that probability provides the foundation for identifying 
patterns in long-run variability, thereby allowing students to quantify uncertainty. 
Randomization produces probabilistic structure and patterns that are repeatable and can 
be quantified in the long run. 
 
For example, in a statistical experiment with enough subjects, randomly assigning 
subjects to treatment groups will balance the groups with respect to potentially 
confounding variables so any statistically significant differences can be attributed to the 
treatments. In sampling from a defined population, selection of a random sample is a 
repeatable process and probability supports construction of a sampling distribution of the 
statistic of interest. Statistically proficient students understand the different roles 
randomization plays in data collection and recognize it is the foundation of statistical 
inference methods used in practice.  
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