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Abstract
This curriculum project was designed around financially focused real world problems to
improve statistical and mathematical literacy skills. It is aligned with New York State Next
Generation Algebra II Standards for Statistics and Probability, but it may also be used as
instructional material for a statistics class. The current national trend in mathematics
requirements for high school graduation is moving from two or three required courses to four.
Thus, New York State may follow this trend and require four credits of mathematics for high
school graduation. If that fourth course becomes a required statistics class this curriculum will fit
nicely within that course. It is the belief of the author that a full course in statistics is the most
logical and practical choice in the preparation of our students for college or career. As citizens
have access to more and more information, it is imperative that they have a basic understanding
of statistics to inform their decision making.
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Introduction
Statistics is full of rich problems with real world applications that can ultimately be very
useful in our student’s lives. In the real world, statistics is thought of as its own discipline,
separate from other fields of mathematics. In New York State Next Generation Standards in
Mathematics, however, statistics is presented in one section at the end of the Algebra I and
Algebra II. This leaves very little time for students to to explore the power of statistics and what
it has to offer. Instead, students may be encouraged to simply memorize rules and calculations
with no regard for their actual meaning that would be applied in more heavily tested units in a
full statistics course.
The purpose of this curriculum is to provide students with an opportunity to experience
how statistics can inform decision-making and enhance their understanding of the world. Several
sources confirm that improving both mathematical and statistical literacy skills by examining
real world issues will produce not only better informed students, but better decision makers
within society. This may be the reason why there is a 320% increase in the States that have
moved to requiring four years of mathematics for high school graduation since the adoption of
the Common Core State Standards (CCSS) in 2010 (Zinth, 2012). This fourth course that has
been is most logically a required statistics course.
Literature Review
The world is becoming an increasingly analytical place, where individuals well versed in
mathematics and statistics have a distinct advantage over those who are not. However, “many
research studies indicate that adults in mainstream society cannot think statistically about
important issues that affect their lives” (Ben-Zvi, 2004,p 398). As teachers, it is our job to ensure
we provide high quality instruction in both mathematical and statistical literacy to support our

students towards becoming productive members of society. For our students, this would involve
instruction that promotes conceptual knowledge with integrated authentic, real world
investigations.
Statistical Literacy
One field of mathematics that is becoming increasingly important to understand is
statistics. “The study of statistics provides tools that informed citizens need in order to react
intelligently to quantitative information in the world around them” (Garfield, 2004, p 397). As
high school students are constantly bombarded with information, statistical literacy skills can
provide them with crucial tools to drive their decision-making. Garfield (2004) also tells us that
lacking these literacy skills can negatively affect student lives and their understanding of the
society in which they live.
According to the CCSS for Mathematical Practice, students should be able to” justify
their conclusions, communicate them to others, and respond to the arguments of others”
(Standards Of Mathematical Practices, 2012, p 1). Adams (2003) argues that mathematics is
essentially its own language in which students must become proficient to support their success
when problem solving. Difficulties can arise in attempting to translate and apply mathematical
symbols, syntax, and vocabulary with different meanings outside of mathematics (Bayda,
2020).These are particularly abundant when learning statistics. For this reason, scaffolding to
support students comprehension of mathematical symbols, syntax, and vocabulary is initially
critical until students are able to work independently. For example, standard deviation is
calculated with an equation involving many unfamiliar symbols. Requiring students to use both,
a formal definition (stipulated definition) and a definition in their own words (extracted
definition) can support understanding of the standard deviation. Bayda (2020) states “stipulated

definitions allow students to communicate ideas, defend their reasoning, construct arguments,
and draw logical conclusions” while “extracted definitions are best for students development of a
concept image”.(p. 6) Garfield (2004) tells us that students cannot learn to think critically about
statistical content until they have mastered the language of mathematics that is used to transmit
the message.

Curriculum Introduction
This curriculum seeks to help students with their understanding of statistics by focusing
on developing vocabulary and using statistics for real world applications. To accomplish this,
students will utilize formal and informal definitions, connect words with multiple meanings to
their everyday usage, and investigate real world statistics associated with income distributions.
Students often have trouble understanding complex definitions that arise in statistics. To
help students make sense of the vocabulary, both formal definitions (stipulated definition) and a
“definitions in your own words” (extracted definitions) are formulated. Bayda (2020) states that
both types of definitions support student learning in different ways. “Stipulated definitions allow
students to communicate ideas, defend their reasoning, construct arguments, and draw logical
conclusions” while “extracted definitions are best for students development of a concept
image”(Bayda, 2020, p. 3)
Many of the words in this unit also have multiple meanings. In most cases, students will
be more familiar with the non-mathematical definitions. This unit also incorporates a useful
strategy for teaching words with multiple meanings, such as range, mean, and mode. “It is
helpful to make connections between children's prior understandings of the word and the

mathematical meaning of the word so that children can develop definitions from their own
experiences”(Adams, 2003, p.5) To help reinforce these definitions, students will be asked to
make connections with their prior understanding of the many words in statistics that have
multiple meanings. Finally, the vocabulary is applied to several small projects where the students
are investigating real world data.
Throughout this project, there are several mini projects where students must find real
world information to examine and make conclusions with. Makar and Confrey (2004) note that
these types of open ended questions will “help students build a foundation for inferential
statistics or to inform debate of issues in light of available data” (p.2). This approach is supported
by Garfield (2004), who states “traditional approaches to teaching statistics focus on skills,
procedures, and computations, which do not lead students to reason or think statistically.”(p. 6)
By providing the chance to explore real world data, we are moving away from the idea that math
is simply a set of rules to be memorized and moving towards deeper conceptual understanding,
even if it comes at the expense of extra practice and repetition in the classroom. This extra
repetition and practice is then provided through the homework assignments, allowing students to
reinforce the concepts independently.

Class Period: Algebra 2
Unit and
Statistics, Lesson 1, Measures of Shape
lesson
AII-S.IC6b. Use the language of statistics to critique claims from
informational texts. For example, causation vs correlation, bias, measures of
center and spread.
Standards
AII-S.ID4aRecognize whether or not a normal curve is appropriate for a given
data set.
How can we tell when statistics are being used to mislead people?
Essential Questions:

What conclusions can we make by looking at data distributions?
What are common misconceptions about interpreting data?

Objectives /
Performance Indicator

Review, Preview &
Connections
Teacher Activities/
Presentation





Identify a given histogram as skewed left, symmetric, or skewed right.
Make valid conclusions from a given histogram
Recognize when valid conclusions cannot be drawn for a given
histogram



Will learn about skewed data sets to be related to ideas of mean,
median and mode from previous years.
Teacher will read learning objectives out loud
Teacher will go over directions for beginning vocabulary activity
Students will look up definitions to vocabulary in groups and sketch a
picture for each word
Students will follow along with teacher, answering questions as
teacher asks and recording on note sheet
Teacher will lead discussion for “Why do we Care?” section. Teacher
will let students read prompt and discuss with groups, then ask the
following questions:
○ Do you think either company is trying to mislead their
prospective employees? Why or why not?
○ How does your knowledge of statistics factor into your
decision? Do you think you would have reached the same
conclusion without this knowledge?
○ What are some other ways that people can be taken advantage
of if they do not have a working understanding of statistics?







Student
Activities/Work Time



Assessment
Materials





Students will work on practice problems independently or in groups to
work on practice problems
While students are working, teacher will circulate and check students
work
Students will be assessed on the homework and practice problems
taken from past New York State Regents Examinations
Lesson 1: Measures of Shape hand out
Lesson 1 Homework

Lesson 1: Measures of Shape
Learning Targets: Today I will be able to…
 Identify a given histogram as skewed left, symmetric, or skewed right.
 Make valid conclusions from a given histogram
 Recognize when valid conclusions cannot be drawn for a given histogram
Standards:
 AII-S.IC6b. Use the language of statistics to critique claims from informational
texts. For example, causation vs correlation, bias, measures of center and spread.
 AII-S.ID4aRecognize whether or not a normal curve is appropriate for a given
data set.
Independent Warm Up:
Focus on Statistical Literacy: Look up each vocabulary word in on the math.com
glossary page. (http://www.math.com/school/glossary/glossindex.html )Copy down
the definition. Then sketch a picture of this type of data set.
Histogram definition:

Sketch:

Skewed left definition:

Sketch:

Skewed right definition:

Sketch:

Symmetric:

Sketch:

Classwork: Follow along with the teacher to answer these questions as a class.

Number of People

The Social Security Administration (SSA) released the graph below with data from the
income of U.S. citizens in 2015. Examine this graph very closely. Then answer the
questions below. Be ready to discuss your answers with the class.

Income

1.

Do you think this graph is misleading? Why or why not?

2.

What is the graph missing that is needed to make conclusions?

3.

How would you describe the distribution of this data?

Number of People

Here is a graph showing the same data from 2015 with equal divisions along the x-axis.

Income (US$)

4. Describe this data distribution as skewed left, symmetric, or skewed right.

5. What does this graph include that the previous one does not that give us more
information? What else should it include?

6. What conclusions can we draw from this graph, if any? If no conclusions can be
drawn, explain why.

Here is the same histogram with a different scale

7. Is your conclusion still the same? Why or why not?

8. Why is the graph on the following page more informative than the other graphs we
have looked at so far? List all visible reasons.

9. Now we will examine a histogram showing the income distribution in Sweden.
Classify this graph as symmetric, skewed left, or skewed right. Then ask 4 people
around you what they chose.

10. Did everyone you ask choose the same option? Why do you think that is?

11. Do you think we can draw reliable conclusions from comparing the graphs of
Swedish Income distributions with the graphs of U.S. Income Distribution? Why or why
not?

Why do we care? A skewed data set may affect which type of average (mean, median,
or mode) gives an accurate picture of what is happening. You may remember these
terms from middle school math.
Discuss what each one is and explain how to find it with your group.
Mean:
Median:
Mode:
We will explore these more in the next lesson. For now, read the passage on the next
page and answer the questions using the picture and your knowledge of statistics.

Mr. Johnson and Mrs. Smith are both trying to hire a new employee for their companies.
Mr. Johnson states that that the mean salary for one of his employees is $70,000 a year.
Mrs. Smith points out that the mode salary for one of Mr. Johnson’s employee’s is only
$45,000 a year while the mode and median salary for her company is about $55,000 a
year.
1. Identify the salary distribution of Mr. Johnson’s and Mrs. Smith’s companies as
skewed left, skewed right, or symmetric.
Mr Johnson’s company:

Mrs. Smith’s company:

2. Use your answer from question 1 and the graphs on the previous page to give an
appropriate value for the mean, median, and mode of both companies.
Mr. Johnson’s company:
Mean: 70,000

Median:

Mode: $45,000

Median: $55,000

Mode: $55,000

Mrs. Smith’s company:
Mean:

3. Which company could you expect a better starting salary from? Why?

4. Do you think either company was trying to mislead their prospective employees?
Why or why not?

5. What are some other ways that people can be taken advantage of if they do not
have a working understanding of statistics?

Practice:
1. Is the following data set symmetric, skewed right, or skewed left? Motivate your
answer.
27, 28, 30, 32, 34, 38, 41, 42, 43, 44, 46, 53, 56, 62

2. State whether each of the following data set is symmetric, skewed right or skewed
left.

3. If the mean and the mode for the following data set are 40 and 50, respectively,
what would be an appropriate value for the median. Explain your answer.

Lesson 1 homework:
1. Examine the data set below:

2. Would you describe the histogram from question 1 as skewed left, skewed right, or
symmetric? Explain your answer.

3. Estimate the mean, median and mode of the data set. Then calculate each and
compare to your estimates.

Class Period: Algebra 2
Unit and
Statistics, Lesson 2, Measures of Center
Lesson
AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
Standards

AII-S.IC6b. Use the language of statistics to critique claims from
informational texts. For example, causation vs correlation, bias, measures of
center and spread.
How can measures of center be used to effectively describe data?

Essential Questions:

Objectives /
Performance Indicator

How can measures of center be misleading?





Review, Preview &
Connections




Teacher Activities/
Presentation

Student
Activities/Work Time
Assessment
Materials










Students will be able to calculate and define mean, median, and mode
Students will be able to identify a data set as skewed left, skewed right
or symmetric given the mean median and mode
Students will be able to identify which measure of center most
accurately describes a data set and defend their choice.
Students will review definitions and calculations for mean, median and
mode.
Students will connect mean median and mode to distributions by using
them to determine the shape of a data set.
Teacher will circulate around room while students complete
vocabulary in the beginning of class.
Teacher will lead discussion and examples for classwork section
Teacher will circulate while students work on practice independently
or in groups
Students will begin by completing vocabulary
Students will follow along and answer questions as teacher leads
classwork discussion and examples
Students will complete practice problems independently or in groups.
Students will be assessed on the homework and end of unit quiz.
Lesson 2 hand out
Lesson 2 homework

Lesson 2: Measures of Center
Learning Targets: Today I will be able to…
 Define and use the following terms in a sentence:
○ distribution, mean, median, mode
 Estimate the mean median and mode of a data set given a bell curve
Standards
 AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
 AII-S.IC6b. Use the language of statistics to critique claims from informational
texts. For example, causation vs correlation, bias, measures of center and spread.
Focus on Statistical Literacy: Look up each vocabulary word in on the math.com
glossary page independently.(http://www.math.com/school/glossary/glossindex.html)Copy
down the definition. Then put it in your own words and use it in a sentence. Then try to
come up with a different meaning of the word that does not have to do with
mathematics.

Distribution:
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Everyday life definition:

Mean:
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Everyday life definition:
Median:
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Everyday life definition:

Mode:
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Everyday life definition:

Classwork: Recall this diagram from lesson 1 and use it to aid in answering the
classwork questions independently.

1. What is the mode of the data set above?

2. What would be a good estimate for the mean?

3. What would be a good estimate for the median?

5. Estimate the mean, median, and mode for the data set above.

6. Using the this link, convert your answers to question 5 to U.S. dollars. Show all work.
https://www.xe.com/currencyconverter/convert/?Amount=1&From=SEK&To=U
SD

7. What comparisons can you make about the income distribution in the U.S. vs.
Sweden? Use examples #1-3 and example #5 in your answer.

Practice: Complete the following problems in class either with your group or
independently.
Suppose you have a data set with the following mean, median and mode. Is the data
skewed left, skewed right, or normal? Explain your reasoning.
a. Mean=25

Mode= 35

Median= 30

b. Mean=45

Mode=35

Median=40

c. Mean= 25

Mode=25

Median=25

2. The mean of 4 numbers is 10. If three of the numbers are 7, 8, and 11, then what is
the 4th number?

3. If the scores 18, 20, 25, 11, and x have a mean of 19, what is the value of x?

4. Express, in terms of x, the mean of (2x-9), (5x+2), and (2x+4)

5. Juan received scores of 82, 76, 93, and 80 on his first four chemistry tests. His goal is
to have an 86 average for the first 5 tests. What score must he earn on his next test to
achieve this?

Lesson 2 homework:
1. The table below shows the annual salaries for the 24 members of a professional
sports team in terms of millions of dollars. The team signs an additional player to
a contract worth 10 million dollars per year.

Which statement about the median and mean is true?
1) Both will increase.

3) Only the mean will increase.

2) Only the median will increase.

4) Neither will change.

2. Use your knowledge of statistics to answer the following question.

3. The heights, in inches, of 12 students are listed below:
61, 67, 72, 62, 65, 59, 60, 79, 60, 61, 64, 63
Which statement best describes the spread of these data?
1) The set of data is evenly spread

3) The set of data is skewed because
59 is the only value below 60

2) The median of the data is 59.5

4) 79 is an outlier which would affect
the standard deviation of the data.

4. Express, in terms of x, the mean of (4x-6), (2x+3), and (3x+3)

5. The mean of 10,12,14 and x is 13. Find the value of x.

Class Period: Algebra 2
Unit and
Statistics, Lesson 3, Measures of Spread
Lesson
AII-S.IC 2. Determine if a value for a sample proportion or sample mean is
likely to occur based on a given simulation.
AII-S.C 4. Given a simulation model based on a sample proportion or mean,
construct the 95% interval centered on the statistic (+/- two standard
deviations) and determine if a suggested parameter is plausible.
Standards

AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
AII-S.IC6b. Use the language of statistics to critique claims from
informational texts. For example, causation vs correlation, bias, measures of
center and spread.
What is standard deviation and how is it useful?

Essential Questions:

Objectives /
Performance Indicator
Review, Preview &
Connections

When can variance be a good thing? When can it be a bad thing?



Define and calculate standard deviation and variance
Rank data sets in order of increasing standard deviation



Students will review the meaning of several common symbols that are
used in the standard deviation formula
Teacher will circulate and check student work while they complete the
vocabulary activity.
Teacher will walk students through classwork section, emphasizing
meaning over calculations
Teacher will circulate while students complete practice work
Students will complete vocabulary activity independently
Students will follow along with teacher for classwork section. Students
will answer questions verbally and discuss as needed.
Students will work on practice section independently or in groups.
Students will be assessed on the homework and unit test
Lesson 3 handout
Lesson 3 homework


Teacher Activities/
Presentation

Student
Activities/Work Time
Assessment
Materials










Lesson 3: Measures of Spread
Learning Targets: Today I will be able to…
 Define and calculate standard deviation and variance
 Rank data sets in order of increasing standard deviation
Standards:
 AII-S.IC 2. Determine if a value for a sample proportion or sample mean is likely to
occur based on a given simulation.
 AII-S.C 4. Given a simulation model based on a sample proportion or mean,
construct the 95% interval centered on the statistic (+/- two standard deviations)
and determine if a suggested parameter is plausible.
 AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
 AII-S.IC6b. Use the language of statistics to critique claims from informational
texts. For example, causation vs correlation, bias, measures of center and spread.
Focus on Statistical Literacy: Look up each vocabulary word in on the math.com
glossary page independently.(http://www.math.com/school/glossary/glossindex.html)Copy
down the definition. Then put it in your own words and use it in a sentence. Then try to
come up with a different meaning of the word that does not have to do with
mathematics.

Standard Deviation
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Use it in a sentence:

Variance:
 Statistical definition (from math.com):

 Statistical definition in your own words:

 Use it in a sentence:

Classwork:
Use the following websites to look up the Income Distributions for 3 different jobs
independently.
https://www.ziprecruiter.com/Salaries/Personal-Financial-Advisor-Salary
List them in order of increasing variance. Justify your answers.
Job

Sketch or picture of Histogram

Reason for ranking

What does it mean for a person going into a job that has a high variance in income vs.
low variance?

Based on your research, which of the three jobs do you think you would choose and
why? Reference variance in your answer.

Calculating Standard Deviations:
𝒏

(𝒙𝒊 − 𝐱̄ )𝟐
𝑺 = √∑
𝒏−𝟏
𝒊=𝟏

Match the symbols with their correct word and definition by drawing a line to
each:
Symbol
S

n

𝒙𝒊

x̄

i

∑

√

Word

Definition

Example: A group of 8 students earn the following score on a quiz.
65, 70, 80, 85, 90, 92, 95, 96
Calculate the standard deviation. Use the steps for guidance.
Step 1: Find the mean

Step 2: Subtract each score from the mean. Then square and record each difference

Step 3: Add all of your differences together and divide by 1 less than the number of
scores.

Step 4: Take the square root of your answer to step 3.

Practice: Use this link for practice questions 1-3: https://www.payscale.com/datapackages/ceo-pay/full-list
Practice 1:
Above is a link with a list of CEO salaries and median worker salaries for a variety of
companies. Choose 8 CEO salaries. Then calculate the standard deviation.

Practice 2: Now try to find 8 salaries that are very close together. Calculate the standard
deviation

Practice 3: Try to find 8 salaries that are very spread out. Calculate the standard
deviation.

B. What do you notice about your results from practice 1, 2, and 3?

Practice 4: Imagine you own Company A while your teacher owns Company B.
 Company A has 1 general manager, 3 shift managers, 3 workers and 3 assistants.
 Company B has 1 general manager, 2 workers and 7 assistants.
Assume that general managers make more than shift managers, shift managers make
more than workers, and workers make more than assistants. Which company would
have a higher standard deviation in employee salaries and why?

Which company would have a higher mean employee salary. Explain your answer.

Lesson 3 homework:
1.

2.

3.

4. On a standardized test, a score of 82 falls exactly 1 standard deviation below the
mean. If the standard deviation for the test is 4, what is the mean score for the test?
1) 78

3) 84

2) 80

4) 86

Class Period: Algebra 2
Unit and
Statistics, Lesson 4, Analyzing Data Sets
Lesson
AII-S.IC 2. Determine if a value for a sample proportion or sample mean is
likely to occur based on a given simulation.
AII-S.C 4. Given a simulation model based on a sample proportion or mean,
construct the 95% interval centered on the statistic (+/- two standard
deviations) and determine if a suggested parameter is plausible.
Standards

AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
AII-S.IC6b. Use the language of statistics to critique claims from
informational texts. For example, causation vs correlation, bias, measures of
center and spread.

Essential Questions:

How can we use statistics to inform our decision making?


Objectives /
Performance Indicator

Review, Preview &
Connections








Teacher Activities/
Presentation






Student
Activities/Work Time



Assessment






Materials

Describe a data set using measures of center, measures of spread, and
measures of shape
Use my description to make a decision based on data and defend it
Calculate a 68% and 95 % confidence interval using standard
deviations.
Students will be reviewing measures of spread, shape, and center
during the first activity to choose a career with a low or high variance
in salary depending on preferences.
Teacher will circulate as students complete vocabulary activity at
beginning of class
Teacher will explain directions for the “Choosing a Career Section”
and circulate as students work independently or in groups
Teacher will explain “Using Standard Deviation” section as students
follow along in their notes
Teacher will circulate as students use any extra time to begin
homework
Students will complete vocabulary activity independently
Students will listen to directions for “Choosing a Career” and
complete independently or in groups
Students will listen to instructions for “Using Standard Deviation”
section and follow along in their notes
Students will use any extra time to begin homework
Students will be assessed on the homework and unit test
Lesson 4 handout
Lesson 4 homework

Lesson 4: Analyzing Data Sets
Learning Targets: Today I will be able to…
 Describe a data set using measures of center, measures of spread, and measures
of shape
 Use my description to make a decision based on data and defend it
 Calculate a 68% and 95 % confidence interval using standard deviations.
Standards:
 AII-S.IC 2. Determine if a value for a sample proportion or sample mean is likely to
occur based on a given simulation.
 AII-S.C 4. Given a simulation model based on a sample proportion or mean,
construct the 95% interval centered on the statistic (+/- two standard deviations)
and determine if a suggested parameter is plausible.
 AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
 AII-S.IC6b. Use the language of statistics to critique claims from informational
texts. For example, causation vs correlation, bias, measures of center and spread.
Vocabulary Review: Classify each of the above words as a measure of spread, shape, or
center.





Spread

 Standard deviation
 Mode
 Skewed left

Mean
Symmetric
Variance
Median
Skewed right
Center

Shape

Classwork: Choosing a Career
Directions: Pick 12 jobs from the link below and do the following with the median
employee salary data on a sheet of graph paper.






Make a histogram
Identify the data as skewed left, skewed right, or symmetric
Estimate mean, median, and mode
Calculate mean, median, and mode.
Estimate and calculate the standard deviation

After you have done this, compare your results to 3 other students. Rank your groups
for each of the following criteria:
 Whose data is the most symmetric?
 Which data has a larger difference in the measures of the center?
 Whose data is the most spread out?
https://www.payscale.com/data-packages/ceo-pay/full-list
Now take your histogram and put a dot on top of each bar in the center. Draw a smooth
curve connecting all of your dots.
Congratulations! You have just drawn your first distribution curve. A distribution
curve is just like a histogram, but it is continuous instead of discrete. This means that
you can find an output value for any single input value instead of a range of values.

Example:

If we are using the histogram in this picture, we can only find the relative frequency of a
weight between two intervals. If we are looking at the bell curve, we can find the
relative frequency at any value.

Using Standard Deviation:
 Each standard deviation away from the mean contains a certain percentage of
data points

Example #1: In the accompanying diagram, about 68% of the scores fall within the
shaded area, which is symmetric about the mean, x. The distribution is normal and the
scores in the shaded area range from 50 to 80. What is the standard deviation of the
scores in this distribution?

Example #2: In a certain school district, the ages of all new teachers hired during the
last 5 years are normally distributed. Within this curve, 95.4% of the ages, centered
about the mean, are between 24.6 and 37.4 years. Find the mean age and the standard
deviation of the data.

Lesson 4 homework:
1. The term "snowstorms of note" applies to all snowfalls over 6 inches. The
snowfall amounts for snowstorms of note in Utica, New York, over a four-year
period are as follows:
7.1, 9.2, 8.0, 6.1, 14.4, 8.5, 6.1, 6.8, 7.7, 21.5, 6.7, 9.0, 8.4, 7.0, 11.5, 14.1, 9.5, 8.6
What are the mean and population standard deviation for these data, to the nearest
hundredth?
1) mean = 9.46; standard deviation = 3.74

3) mean = 9.45; standard deviation = 3.74

2) mean = 9.46; standard deviation = 3.85

4) mean = 9.45; standard deviation = 3.85

2. Find the median and mode for the data set in question 1.

3. Is the data set from question 1 skewed left, skewed right, or symmetric? Defend
your answer.

4. Which measure of center (mean, median, or mode) do you think describes the
data best? Explain your answer.

5. On a test that has a normal distribution of scores, a score of 57 falls one standard
deviation below the mean, and a score of 81 is two standard deviations above the
mean. Determine the mean score of this test.

6. The heights of a group of girls are normally distributed with a mean of 66 inches.
If 95% of the heights of these girls are between 63 and 69 inches, what is the
standard deviation for this group?

7. In a New York City high school, a survey revealed the mean amount of cola
consumed each week was 12 bottles and the standard deviation was 2.8 bottles.
Assuming the survey represents a normal distribution, how many bottles of cola
per week will approximately 68.2% of the students drink?
1) 6.4 to 12

2) 6.4 to 17.6

3) 9.2 to 14.8

4) 12 to 20.4

8. If the amount of time students work in any given week is normally distributed
with a mean of 10 hours per week and a standard deviation of 2 hours, what is the
probability a student works between 8 and 11 hours per week?
1) 34.1%

2) 38.2%

3) 53.2%

4) 68.2%

Class Period: Algebra 2
Unit and
Statistics, Lesson 5: Z-Scores
Lesson
AII-S.C 4. Given a simulation model based on a sample proportion or mean,
construct the 95% interval centered on the statistic (+/- two standard
deviations) and determine if a suggested parameter is plausible.
Standards
AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical
summaries.
Essential Questions:

Objectives /
Performance Indicator

Review, Preview &
Connections

How can we describe data points that are not a whole number of standard
deviations away from the mean?




Estimate and calculate the z-score of a data set
Describe the meaning of a specific z-score within a data set
Use a z-score to state the percentage of data points above or below a
given point




Students will review standard deviation meaning to prepare for lesson
Connections will be made between standard deviation and a normal
curve
Teacher will circulate as students work through vocabulary activity in
beginning of class
Teacher will give directions for z-score section and do first two
examples in front of the class
Teacher will circulate as students complete the rest of the z-score
section
Teacher will give directions for “Calculating Probabilities” section and
complete examples as needed
Students will finish “Calculating Probabilities” section in groups or
independently.
Students will complete vocabulary activity as they enter classroom
Students will listen to directions/notes for z-score section and then
complete independently or in groups.
Students will listen to directions/notes for “Calculating Probabilities”
section and then complete independently or in groups.
Students will be assessed on homework and end of unit quiz
Lesson 5 handout
Lesson 5 homework



Teacher Activities/
Presentation





Student
Activities/Work Time
Assessment
Materials








Lesson 5: Z-Scores
Learning Targets: Today I will be able to…
 Estimate and calculate the z-score of a data set
 Describe the meaning of a specific z-score within a data set
 Use a z-score to state the percentage of data points above or below a given point
Standards:
 AII-S.C 4. Given a simulation model based on a sample proportion or mean, construct
the 95% interval centered on the statistic (+/- two standard deviations) and determine if
a suggested parameter is plausible.
 AII-S.IC6a. Use the tools of statistics to draw conclusions from numerical summaries.
Vocabulary
Normal Distribution:
 Statistical definition (from math.com):
 Statistical definition in your own words:
 Use it in a sentence:

Bell Curve:
 Statistical definition (from math.com):
 Statistical definition in your own words:
 Use it in a sentence:

Z-score:
 Statistical definition (from math.com):
 Statistical definition in your own words:
 Use it in a sentence:

A z-score is used to measure how many standard deviations a particular data point is
away from the mean.

Example: The graph below shows the distribution of pizze delivery time for Pete-Zah’s
Pizza Parlor.

What would be the EXACT z-score for a pizza that was delivered in the following time
frames:
35 minutes:
45 Minutes:
15 Minutes:
50 minutes:
30 minutes:

Estimate the z-score for the following time periods
23 minutes:
8 minutes:
32 minutes:

The equation for a z score is:
𝑧=

𝑥−𝛍
𝛔

where z is the Z score, x is the sample score, 𝜇 is the mean and 𝜎 is the standard
deviation. Calculate the z-scores you estimated to check your work.
23 minutes

8 minutes

32 minutes

Calculating Probabilities:
These z scores can be used to determine what the probability of an event occurring is by
using a table.
On the graph below, draw in lines for the mean, ±1, ±2 and ±3 standard deviations.

The tables below shows the percentage of data points to the left of each z-score on a bell
curve. For example, if my z-score is 2.23, you would go to 2.2 on the vertical axis and
over to 0.03 on the horizontal axis. If you try this, you should get .9871. This means that
98.71% of the data points lie to the left of this line on the bell curve (shown below).

Z score of 0
(0 standard deviations away
from the mean)

Z score of 2.23
(2.23 standard deviations away
from the mean)

What is the probability that a randomly selected student will have an SAT score below
1207?

What is the probability that a randomly selected student will have an SAT score above
1207? How did you find this number?

What is the probability that a randomly selected student will have an SAT score below
1750?

What is the probability that a randomly selected student will have an SAT score above
1620?

What is the probability that a randomly selected student scored between 1650 and
1720?

Lesson 5 homework:
1. Ashish’s height is 63 inches. The mean height for boys at his school is 68.1 inches,
and the standard deviation of the boys’ heights is 2.8 inches.
i. What is the z-score for Ashish’s height? (Round your answer to the nearest
hundredth.)

ii. What is the meaning of this value?

2. The weights of bags of Graseck's Chocolate Candies are normally distributed with
a mean of 4.3 ounces and a standard deviation of 0.05 ounces. What is the
probability that a bag of these chocolate candies weighs less than 4.27 ounces?
1) 0.2257

2) 0.2743

3) 0.7257

4) 0.7757

3. A set of normally distributed student test scores has a mean of 80 and a standard
deviation of 4. Determine the probability that a randomly selected score will be
between 74 and 82.

4. A swimmer named Amy specializes in the 50-meter backstroke. In competition,
her mean time for the event is 39.7 seconds, and the standard deviation of her
times is 2.3 seconds. Assume that Amy’s times are approximately normally
distributed.
i. Estimate the probability that Amy’s time is between 37 and 44 seconds.

ii. Using z-scores, find the probability that Amy’s time in her next race is between
37 and 44 seconds.

5. Explain how a z-score is useful for describing data.

The Importance of Mathematical Literacy in Today’s Society
The field of statistics is becoming more important with each passing day. Companies
such as Facebook, Amazon, and countless others are collecting more and more data on their
customers and presenting it in ways that further their own agendas. Providing our students with
statistical literacy skills will help them understand how to spot when data is being misrepresented
to sway their opinions. It can also help them understand just how valuable their data can be to
companies. Despite playing such a large role in our daily lives, statistics is usually one of the
least explored fields of mathematics in high school curriculums.
In New York State, students generally study statistics for two small units, once during
Algebra I and once during Algebra II. For a topic with so much depth and importance, statistics
deserves much more attention in the classroom. As achievement in mathematics in the United
states continues to stagnate, pressure will rise to add another year of mathematics to graduation
requirements. The only logical choice, in my opinion would be statistics. A full year course on
statistics would allow teachers to explore the topic with the breadth and the depth that it
deserves. If this happens, we will need many more resources for our teachers. It is my hopes that
this unit can serve as the beginnings of a full year course in the subject. Statistics in particular
can be a tricky topic to teach, as well as learn.
I realized in my college physics class just how misunderstood statistics can be. Up until
then I had fallen into the trap of procedural fluency but conceptual ignorance. I was able to spit
out the equations with the right values, and sometimes had a vague idea of what the numbers
meant. I was procedurally fluent but statistically illiterate. I was missing one key point: statistics
tells a story. This curriculum is designed so that fewer students fall into the trap of knowing
exactly what buttons to hit on their calculator without understanding the meaning behind what

they were doing. It is meant to build conceptual understanding as well as procedural fluency so
that students can not only produce the numbers, but decipher the narrative behind them.
Conclusion
These resources have been compiled to provide statistics resources for teachers that
would like to develop mathematical and statistical literacy in their classroom. Statistics is often
not seen as a priority in the curriculum and many teachers are less comfortable with statistics
than other areas of mathematics. I hope that you will be able to use these resources in your own
classroom.
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Appendix

A diagram consisting of rectangles whose area is proportional to the frequency of a
variable and whose width is equal to the class interval

When data has a “long tail” to the left so that it is not
symmetric

When data has a long tail to the right so that it is not
symmetric

When the left and right sides of the data are shaped the same

Yes, the graph is misleading because the x-axis is not divided equally

It is missing units on the x-axis

The distribution is skewed right

The distribution is skewed right

The graph has units on the x-axis and it is broken up into even sections

We can conclude that more citizens make between $0-$10,000 a year than any other income range when
using $10,000 increments. We can also conclude that as the income level rises, the number of people
with that income generally decreases

Yes, except now the mode is between $0 and $50,000 because the shape is still skewed right but the
increments on the x-axis are larger.

The categories on the x-axis are smaller
The mean, top 10% and top 5% are labelled
Both axis are labelled correctly

Answers will vary

Answers will vary

Answers
willvary
vary
Answers will
based on group members answers to number 8

No we cannot because the currency is not the same for the two graphs. The categories on the x-axis
are also not increasing by the same amount.

Add up all data points and divide by the number of data points
Put data points in increaseing order and find the data point in the center
Examine the data and determine which number occurs the most

Skewed right because the mean is larger than the mode

Symmetric because the mod and mean are roughly equal

Answers will vary. Should be between 45,000 and 70,000

55,000

Mrs. Smith’s because the mode is higher, which suggests that the lower level employees
make more since most companies have the most employees at the lower level

Mr. Johnson could be because the mean is much higher than the mode and median, which
suggest that few employees who are making a lot more than everyone else are elevating the
mean

They can be shown the mean of a skewed data set and told that it is the average when in reality
the center of the data is much lower or higher. In these cases, the median or mode are usually
better measures of center

Median: 41.5
Mean: 41.5
The data set is symmetric because the mean and median are very close.

The data set is skewed right

Answers will vary. Median should be between 40 and 50 since the data is skewed
right.

Skewed left since there is a long tail on the left side

Estimates:

mean=70
𝟏𝟒𝟐𝟕
𝟏𝟖

Calculations: mean=

median=75
= 𝟕𝟗. 𝟑

mode=85 (answers will vary)

median=81

mode=87 (comparisons will vary based on estimates

A function that shows the possible values for a variable and how often they occur

A graph that tells us how likely a variable is to be at a certain number

Sharing something with others (answers will vary)

The numerical average, calculated as the sum of all of the data values divided by the
number of values

The average of a set of numbers

Unkind (answers will vary)

The middle of the distribution that has been ordered from the smallest to largest

The center number in a set of data (answers will vary)

The middle of a high way dividing two lanes

The most frequently occurring values in a distribution

The value that appears more than any other in a data set (answers will vary)

The way something is done or played. For example, video games have different modes with
different rules

The mode is between $15,000 and $19,999

Answers will vary (should be larger than$20,000)

Answers will vary (should be larger than$20,000)

Answers will very. All should be between 200-450 thousand SEK
Example: Mode: 325,000

median: 330,000

mean: 340,000

Mode: 325,000/8.30= $ 39,156.63
Median: 330,000/8.30= $39,759.04
Mean: 340,000/8.30= $40,963.86
Answers will vary based on estimates from previous question

The mode for the income in the U.S. is about half of the mode income in Sweden.
The mean and the median are much higher for the U.S.

Skewed left because the mean is the lowest, followed by the median and the mode is the
greatest.

Skewed right because the mode is the lowest, followed by the median and then the
mean
Symmetric because the mean, median and mode are the same.

𝟕+𝟖+𝟏𝟏+𝒙
𝟒

= 𝟏𝟎

𝟐𝟔 + 𝒙 = 𝟒𝟎

x=14

The fourth number is 14

𝟏𝟖 + 𝟐𝟎 + 𝟐𝟓 + 𝟏𝟏 + 𝒙
= 𝟏𝟗
𝟓

𝟕𝟒 + 𝒙 = 𝟗𝟓

𝟐𝒙 − 𝟗 + 𝟓𝒙 + 𝟐 + 𝟐𝒙 + 𝟒
= 𝟏𝟗
𝟑

𝟖𝟐+𝟕𝟔+𝟗𝟑+𝟖𝟎+𝒙
𝟓

= 𝟖𝟔

𝒙 = 𝟐𝟏

𝟗𝒙 − 𝟑
= 𝟑𝒙 − 𝟏
𝟑

𝟑𝟑𝟏 + 𝒙 = 𝟒𝟑𝟎

𝒙 = 𝟖𝟗

𝟒𝒙 − 𝟔 + 𝟐𝒙 + 𝟑 + 𝟑𝒙 + 𝟑
= 𝟑𝒙
𝟑

𝟏𝟎 + 𝟏𝟐 + 𝟏𝟒 + 𝒙
= 𝟏𝟑
𝟒

𝒙 = 𝟏𝟔

Roughly the average difference between individual data values and the mean

A measure of how spread out the numbers are (answers will vary)

Everyone did really well on the test so the standard deviation was low

Variance:
 Statistical definition (from math.com): The average squared difference from
the mean.

 Statistical definition in your own words: Another measure of how spread out
the numbers are, related to the standard deviation (answers will vary)

 Use it in a sentence: The test scores had a high variance because some
students did very poorly while others did very well

While the range of the data for a
veterinarian is higher, a larger
proportion of the data points for a
financial advisor are far away from
the center

While the range for a veterinarian
is higher than the range for a
financial advisor, the majority of
the data points are near the
center

The range is smaller and most
of the data points are near the
center

A low variance means you may start with a higher salary but there will be less of an opportunity for
increase. A high variance means you may start with a lower salary but it is possible for your salary
to increase a lot more

Answers will vary. Students may mention taking the job with the greater variance because there
is a larger potential for growth. They may also say they will take the job with the lower variance
because they can start out making more.

Standard deviation

Roughly the average difference between
individual data values and the mean

Number of data points

The number of data points that are
collected and used for calculations

Individual data point

𝑥1 is the first data point
𝑥2 is the second data point
𝑥3 is the third….
𝑥𝑖 is the ith data point

Mean

The average found by adding all of the 𝑥𝑖
values and dividing by n

Index

Shows which data point is being used

Sigma or summation sign

Used to add up a series of numbers

Square root

A number which produces the number
underneath the square root sign when
multiplied by itself

Exponent

Tells us to multiply a number or variable by
itself

(Answers will vary)
Example:
12105481

mean= $16,949,788.125
Standard deviation= $6,903,139.81

23652883
26208003
7330584
7047636
16819942
9665925
22767851

Answers will vary. Standard deviation should be greater than practice 1 and 2

The standard deviation of the spread out data set is the largest while the standard deviation of
the set where the data is closer together is the smallest

Los Angeles because the temperatures there are almost all in the 60’s while Miami’s are spread out
between the 60’s, 70’s, and 80’s

Variance
Standard deviation

Mean
Median
Mode

Symmetric
Skewed left
Skewed right

The data set is skewed left because the mode is the lowest, followed by the
median, followed by the mean

The median because the mode is too far to the left and the mean is too far to the
right

57+3S=81
3S=24
S=8

69-63=4S
6=4S
S=1.5

Statistical definition (from math.com):A symmetric, bell shaped distribution that is most useful for
approximating the distribution of statistical estimators.

Statistical definition in your own words:A graph that represents data and looks the same on the left and
right sides (answers will vary)

Use it in a sentence: the exam scores were evenly distributed since the same number of students scored
above and below the mean.

A function that represents a normal distribution

A graph that looks the same on both sides with most of the data points falling toward the center.
Mean, median, and mode are equal

When the normally distributed data was graphed, it made a bell curve

The distance between an individual score and the mean in standard deviation units

How far away a specific data point is away from the mean

My test score had a large z-score since I preformed better than most of the
class

𝟏𝟐𝟎𝟕−𝟏𝟓𝟎𝟗
𝟑𝟏𝟐

= −𝟎. 𝟗𝟕 Probability: 0.1660 or 16.60%

𝟏𝟐𝟎𝟕−𝟏𝟓𝟎𝟗
𝟑𝟏𝟐

= −𝟎. 𝟗𝟕 Probability: 1- 0.1660= 0.834 or 83.4%

Because the probability of being below was 0.1660, 1-0.1660 give us the probability of being
above

𝟏𝟕𝟓𝟎−𝟏𝟓𝟎𝟗
𝟑𝟏𝟐

= 𝟎. 𝟕𝟕 Probability: 0.7794 or 77.94%

𝟏𝟔𝟐𝟎−𝟏𝟓𝟎𝟗
𝟑𝟏𝟐

= 𝟎. 𝟑𝟔 Probability: 0.6406 or 64.06%

𝟏𝟔𝟓𝟎 − 𝟏𝟓𝟎𝟗
= 𝟎. 𝟒𝟓
𝟑𝟏𝟐

𝟏𝟕𝟐𝟎 − 𝟏𝟓𝟎𝟗
𝟑𝟏𝟐

Probability of being below 1650: 0.6736
Probability of being below 1720: 0.7517
0.7517-0.6736= 0.0781
The probability of a score being between 1650 and 1720 is 0.0781 or 7.81%

𝟔𝟖. 𝟏 − 𝟔𝟑
= 𝟏. 𝟖𝟐
𝟐. 𝟖

This means that Ashish’s height is 1.82 standard deviations greater than the mean

𝟒.𝟐𝟕
𝟎.𝟎𝟓

= −𝟎. 𝟔

Probability=0.2743

𝟕𝟒 − 𝟖𝟎
= −𝟏. 𝟓
𝟒

Probability: 0.0668
0.6915-0.0668=0.6247 or 62.46%

𝟖𝟐 − 𝟖𝟎
= 𝟎. 𝟓
𝟒

Probability: 0.6915

About 70% because it is slightly higher than 1 standard deviation above and
below the mean.

𝟑𝟕 − 𝟑𝟗. 𝟕
= −𝟏. 𝟏𝟕
𝟐. 𝟑
Probability: 0.1210

𝟒𝟒 − 𝟑𝟗. 𝟕
= 𝟏. 𝟖𝟕
𝟐. 𝟑

Probability: 0.9693

0.9693-0.1210= 0.8483 or 84.83 %

Z-scores can be used to tell you what percentage of data points fall between any two values

