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Goals and Objectives

Students will be able to calculate the standard 
deviation of a data set and analyze a a normal 
distribution.
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Why do we need this?

In short, the standard deviation of data represents 
how close the data is to its mean.  It is used to report 

such things as results from political polls and data 
from medical experiments.  We need to understand 

how these numbers are calculated to make informed 
decisions.
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Check out the following graphs.  What do they have in common?

http://www.trialsjournal.com/content/6/1/5 http://www.statcrunch.com/grabimage.php?image_id=427473

Calories in French Fries

Diastolic Blood Pressure

Intervals of Peaks of Heartbeats

http://www.swharden.com/blog/2009-08-14-diy-ecg-machine-on-the-cheap/
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Graphs

http://www.trialsjournal.com/content/6/1/5
http://www.statcrunch.com/grabimage.php?image_id=427473
http://www.swharden.com/blog/2009-08-14-diy-ecg-machine-on-the-cheap/
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Many different aspects of life, when measured and graphed, fit 
this type of distribution.  Imagine a what the graph of height for 
humans, weight for bears or size of homes would look like.  Most 
of the data would be around the same number (the mean), yet 
there would be some that would be larger or smaller.  Finally, you 
would have the extremes that would be rare.  This is called a 
Normal Distribution.

Normal Distribution
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Normal Distributions are very useful when analyzing data.  It 
allows you to calculate the probability that an event will happen 
as well as a percentile ranking of scores.  Consider the 
following examples...

Normal Distribution
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A tennis ball manufacturer measures the height their tennis 
balls bounce after dropping them from 5 feet off of the 
ground.  The balls will not bounce the same height each 
time, but should be very close.  A graph of this, after many 
trials, would begin to resemble a normal distribution.  From 
here, you can calculate a mean height of the ball and use 
that to test other tennis balls from the factory to make sure 
that the quality is consistent.  The blue shaded area would 
represent the range of acceptable heights.

Normal Distribution
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http://www.nohsteachers.info/PCaso/AP_Statistics/MidtermExamReview.htm

A particular engineering school at a university prides itself on 
producing high quality engineers.  Each class coming through has 
to take an introductory physics class.  The professor uses a normal 
distribution to calculate grades such that only the top 5% of 
students get As.  This ensures the course is challenging and that 
the best are the ones that continue on.

*note:  graph 
does not 
represent top 
5% with As.       

Normal Distribution

http://www.nohsteachers.info/PCaso/AP_Statistics/MidtermExamReview.htm
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Using the mean and standard deviation takes into account 
different spreads of the graph.  In fact, knowing the standard 
deviation of a study can tell you how reliable the study is.  
Small standard deviations indicate that the mean is a good 
representation of the information.  Large standard deviations 
tell you that the data was actually very spread out and the 
mean may not  be reliable.

Small σ = small spread Large σ = large spread

Normal Distribution
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Normal Curves are created using the mean (µ or x) of the 
data and the standard deviation (σ).  

mean

Normal Curve
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Much of the time, instead of having more complicated numbers 
for µ ± σ, we write 0, ±1 or ±2 representing the number of 
standard deviations from the mean as shown below.  These 
numbers are also known as z-scores.

mean

1 2 3-1-2-3 0
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Normal Distribution
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In normal distributions, the area under the curve is what is used 
to calculate percentages or probabilities.  These numbers follow 
what is called the Empirical Rule and is the same for each 
distribution.   

• 68% of all data will fall within 1 standard deviation of the mean.
• 95% of all data falls within 2 standard deviations of the mean.
• 99.7% of all data falls within 3 standard deviations of the mean.

The graph on the next page is an excellent illustration of this.

Normal Distribution
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Mean

http://rchsbowman.wordpress.com/2009/11/29/statistics-notes-%E2%80%93-properties-of-normal-distribution-2/

Normal Distribution
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http://rchsbowman.wordpress.com/2009/11/29/statistics-notes-%E2%80%93-properties-of-normal-distribution-2/
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Each graph can be used differently even though there is a uniformity 
about their calculations.

http://27gen.files.wordpress.com/2011/09/2011-bell-curve.jpg

http://www.mhhe.com/socscience/intro/ibank/set4.htm

Normal Distribution

http://27gen.files.wordpress.com/2011/09/2011-bell-curve.jpg
http://www.mhhe.com/socscience/intro/ibank/set4.htm
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Use this chart to answer the following questions.

http://www.regentsprep.org/Regents/math/algtrig/ATS2/NormalLesson.htm

Chart for Examples
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This chart is particularly useful 
because it is divided into half 
standard deviations.  It would be a 
typical graph given on a 
standardized test if a calculator 
was not allowed.  It is also easy to 
memorize.

http://www.regentsprep.org/Regents/math/algtrig/ATS2/NormalLesson.htm
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a)  John usually scores an average of 82% on his math tests with a 
standard deviation of 5%.  What is the probability that John will get 
an between an 82% and an 87% on his next test?   

b)  At Big Mama's Gym, there is a special weight loss 
program that is a big hit.  And, it works!  At the start 
of the program 95.4% of all members, centered 
about the mean, weighed between 180 and 260 
pounds.  Find the average weight and the standard 
deviation of the data.

Examples

A
ns

w
er

a)  87% - 82% = 5% which is 1σ.  The 
area between 82% (the mean) and 
87%(1σ) is 34.1%.  Therefore, he has 
a 34.1% chance of getting between an 
82% and an 87% on his next test. 

b)   95.4% tells you that there is a 
spread of 2 standard deviations from 
the mean.  The mean weight is (180 + 
260)/2 = 220 pounds.  The standard 
deviation is (260 - 220)/2 = 20 
pounds.
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c)  A machine at Superfoods Food Factory puts a mean of 44 oz of 
mayonnaise in their bottles.  The machine has a standard of 
deviation of 0.5 ounces.  While filling 1000 bottles with mayonnaise, 
about how many times will the machine fill a bottle with 45 or more 
ounces?

Example

A
ns

w
er
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d)  Scores on the final exam in Mr. Dahlberg's Precalculus classes 
are normally distributed.  He calculates a mean to be 71% with a 
standard deviation of 7.  What is the probability that a student in his 
classes will get between an 85 and a 92 on the final exam?

Example

A
ns

w
er
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52 Battery lifetime is normally distributed for large samples.  
The mean lifetime is 500 days and the standard deviation 
is 61 days.  To the nearest percent, what percent of 
batteries have lifetimes longer than 561 days? 

http://www.regentsprep.org/Regents/math/algtrig/ATS2/NormalPrac.htm
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http://www.regentsprep.org/Regents/math/algtrig/ATS2/NormalPrac.htm
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53 A normal distribution of a group the ages of 340 students 
has a mean age of 15.4 years with a standard deviation 
of 0.6 years.  How many students are younger than 16 
years? Express your answer to the nearest student. 

A
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w
er
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85 917367 97 10379

54 Which of the following curves represents a mean of 85 
and a standard deviation of 6?
A  B  

C  D  
85 86848382 87 88

85 90 95 10070 8075 8556 66 76 1069686

A
ns

w
er
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55 Given a mean of 27 and a standard deviation of 3 on a 
data set that is normally distributed, what is the number 
that is +2   from the mean?

A
ns

w
er
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56 Given a mean of 27 and a standard deviation of 3 on a 
data set that is normally distributed, what is the number 
that is -3   from the mean?

A
ns

w
er
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57 A set of information collected by the Department of 
Wildlife is normally distributed with a mean of 270 and a 
standard deviation of 12.  What percent of the data falls 
between 246 and 258?

A
ns

w
er
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The graph we have been using  to 
the right helps us find values that 
are multiples of 0.5 away from the 
mean.  But what about numbers that 
are in between?  For those, we use 
a formula for the z-score and a table 
of values. 

Z-Score
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z-score = 

A table of z-scores is shown on the next 2 slides.  Each score is 
associated with the amount of area under the normal curve from 
the score to the left.

Z-Score
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Z-Scores: Negative
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Z-Scores: Positive
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Z-scores are what is used to calculate all of the percentile 
values that are reported for standardized tests.  Remember 
how you are given a result of, say, the 94th percentile?  This 
means that you have done better than 94% of the students 
who have taken the test.  Welcome to a major use of z-
scores, normal distribution and standard deviation! 

z-score = 

Z-Score
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z-score = 

Example:  On a test, your score was 83%.  The mean of all 
of the tests was 79, the data was normally distributed and 
the standard deviation was 4.25.  Find your z-score and 
then use the table to calculate the percentile.  

Z-Score

A
ns

w
er
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Your friend took the same test and got a score of 92%.  
Find your friend's z-score and calculate their percentile.

A
ns

w
er

Z-Score
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58 Find the z-score for a 29 if the mean was 34 and the 
standard deviation is 2.3.

A
ns

w
er
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59 Which is the z-score and percent of area under the curve 
for a score of 520 in a normally distributed set of data 
with a mean of 565 and a standard deviation of 24.2. 
A -1.86, 1.95%
B -1.86, 3.14%
C 1.86, 31.4%
D 1.86, 97.5% A

ns
w

er
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60 A value has a z-score of 0.82.  The mean for the data 
is 73 and the standard deviation is 2.16.  What was 
the original value?

A
ns

w
er
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61 A student calculated a z-score of -1.25.  What percentile 
does this score fall in?

A
ns

w
er The percentage associated 

with -1.25 is 10.56%.  
Therefore, the score is in the 
10th percentile.
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62 Find the z-score of 10 if the data set is:

9  11 5 7 10   10 10  11 9 15

A
ns

w
er


