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+ Chapter 1
Exploring Data

Introduction: Data Analysis: Making Sense of Data

1.1Analyzing Categorical Data

1.2Displaying Quantitative Data with Graphs

1.3Describing Quantitative Data with Numbers



+ Section 1.2
Displaying Quantitative Data with Graphs

After this section, you should be able to…

CONSTRUCT and INTERPRET dotplots, stemplots, and histograms

DESCRIBE the shape of a distribution

COMPARE distributions

USE histograms wisely

Learning Objectives
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1)Draw a horizontal axis (a number line) and label it with the 
variable name.
2)Scale the axis from the minimum to the maximum value.
3)Mark a dot above the location on the horizontal axis 
corresponding to each data value.
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How to Make a Dotplot

Number of Goals Scored Per Game by the 2004 US Women’s Soccer Team
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In any graph, look for the overall pattern and for striking 
departures from that pattern.

Describe the overall pattern of a distribution by its:

•Shape
•Center
•Spread

Note individual values that fall outside the overall pattern.  
These departures are called outliers.

How to Examine the Distribution of a Quantitative Variable
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Describe the shape, center, and spread of the 
distribution.  Are there any outliers?
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Example, page 28
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Definitions:
A distribution is roughly symmetric if the right and left sides of the 
graph are approximately mirror images of each other.

A distribution is skewed to the right (right-skewed) if the right side of 
the graph (containing the half of the observations with larger values) is 
much longer than the left side.

It is skewed to the left (left-skewed) if the left side of the graph is 
much longer than the right side.

DiceRolls

0 2 4 6 8 10 12

Collection 1 Dot Plot

Score

70 75 80 85 90 95 100

Collection 1 Dot Plot

Siblings

0 1 2 3 4 5 6 7

Collection 1 Dot Plot

Symmetric Skewed-left Skewed-right
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Household_Size
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Collection 2 Dot Plot

Example, page 32

Compare the distributions of
household size for these 
two countries.  Don’t forget 
your SOCS!
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1)Separate each observation into a stem (all but the final 
digit) and a leaf (the final digit).

2)Write all possible stems from the smallest to the largest in a 
vertical column and draw a vertical line to the right of the 
column.

3)Write each leaf in the row to the right of its stem.

4)Arrange the leaves in increasing order out from the stem.

5)Provide a key that explains in context what the stems and 
leaves represent.
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Add a key

Key: 4|9 
represents a 
female student
who reported 
having 49 
pairs of shoes.
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1)Divide the range of data into classes of equal width.

2)Find the count (frequency) or percent (relative frequency) of
individuals in each class.

3)Label and scale your axes and draw the histogram. The 
height of the bar equals its frequency. Adjacent bars should 
touch, unless a class contains no individuals.
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Example, page 35

Frequency Table
Class Count
0 to <5 20
5 to <10 13
10 to <15 9
15 to <20 5
20 to <25 2
25 to <30 1
Total 50 Percent of foreign-born residents
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0 5 10 15 20 25 30

Collection 3 Histogram
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1)Don’t confuse histograms and bar graphs.

2)Don’t use counts (in a frequency table) or percents (in a 
relative frequency table) as data.

3)Use percents instead of counts on the vertical axis when 
comparing distributions with different numbers of 
observations.

4)Just because a graph looks nice, it’s not necessarily a 
meaningful display of data.

Dis
pla
yin
g 
Qu
anti
tati
ve 
Dat
a


U

si
ng

 
H

is
to

g
ra

m
s 

W
is

el
y


H

er
e 

ar
e 

se
ve

r
al

 
ca

ut
io

ns
 

ba
se

d
on

 
co

m
m

on
 

m
is

ta
k

es
 

st
ud

e
nt

s 
m

ak
e 

w
he

n 
us

in
g 

hi
st

og
ra

m
s.

Cautions



+

In this section, we learned that…

You can use a dotplot, stemplot, or histogram to show the distribution 
of a quantitative variable.

When examining any graph, look for an overall pattern and for notable 
departures from that pattern. Describe the shape, center, spread, and 
any outliers. Don’t forget your SOCS!

Some distributions have simple shapes, such as symmetric or skewed.
The number of modes (major peaks) is another aspect of overall shape.

When comparing distributions, be sure to discuss shape, center, spread,
and possible outliers.

Histograms are for quantitative data, bar graphs are for categorical data.
Use relative frequency histograms when comparing data sets of different
sizes.

Summary

Section 1.2
Displaying Quantitative Data with Graphs



+ Looking Ahead…

We’ll learn how to describe quantitative data with 
numbers.

üMean and Standard Deviation
üMedian and Interquartile Range
üFive-number Summary and Boxplots
üIdentifying Outliers

We’ll also learn how to calculate numerical summaries 
with technology and how to choose appropriate 
measures of center and spread.

In the next Section…
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Introduction: Data Analysis: Making Sense of Data

1.1Analyzing Categorical Data

1.2Displaying Quantitative Data with Graphs

1.3Describing Quantitative Data with Numbers



+ Section 1.3
Describing Quantitative Data with Numbers

After this section, you should be able to…

MEASURE center with the mean and median

MEASURE spread with standard deviation and interquartile range

 IDENTIFY outliers

CONSTRUCT a boxplot using the five-number summary

CALCULATE numerical summaries with technology

Learning Objectives



+

De
scri
bin
g 
Qu
anti
tati
ve 
Dat
a


M

ea
su

rin
g 

C
en

te
r:

 T
he

M
ea

n


Th
e 

m
os

t 
co

m
m

on
 

m
ea

su
re

 o
f 

ce
nt

er
 is

 th
e 

or
di

na
ry

 
ar

ith
m

et
ic

 
av

er
ag

e,
 o

r 
m

ea
n.

Definition:
To find the mean      (pronounced “x-bar”) of a set of observations, add 
their values and divide by the number of observations.  If the n 
observations are x1, x2, x3, …, xn, their mean is:

  


x 



x 
sum of observations

n


x1  x2  ... xn

n

In mathematics, the capital Greek letter Σis short for “add 
them all up.”  Therefore, the formula for the mean can be 
written in more compact notation:



x 
xi

n
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Definition:
The median M is the midpoint of a distribution, the number such that 
half of the observations are smaller and the other half are larger. 

To find the median of a distribution:

1)Arrange all observations from smallest to largest.

2)If the number of observations n is odd, the median M is the center 
observation in the ordered list.

3)If the number of observations n is even, the median M is the average 
of the two center observations in the ordered list.
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Example, page 53

10 30 5 25 40 20 10 15 30 20 15 20 85 15 65 15 60 60 40 45



x 
10  30  5  25  ... 40  45

20
 31.25 minutes

0   5
1   005555
2   0005
3   00
4   005
5
6   005
7
8   5

Key: 4|5 
represents a 
New York 
worker who 
reported a 45-
minute travel 
time to work.



M 
20  25

2
 22.5 minutes
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The mean and median of a roughly symmetric distribution are 
close together.

If the distribution is exactly symmetric, the mean and median 
are exactly the same.

In a skewed distribution, the mean is usually farther out in the 
long tail than is the median.

Comparing the Mean and the Median
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To calculate the quartiles:
1)Arrange the observations in increasing order and locate the 
median M.
2)The first quartile Q1 is the median of the observations 
located to the left of the median in the ordered list.
3)The third quartile Q3 is the median of the observations 
located to the right of the median in the ordered list.
The interquartile range (IQR) is defined as:

IQR = Q3 – Q1

How to Calculate the Quartiles and the Interquartile Range
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10 30 5 25 40 20 10 15 30 20 15 20 85 15 65 15 60 60 40 45

Travel times to work for 20 randomly selected New Yorkers

5 10 10 15 15 15 15 20 20 20 25 30 30 40 40 45 60 60 65 85

M = 22.5 Q3= 42.5Q1 = 15

IQR= Q3 – Q1
= 42.5 – 15
= 27.5 minutes

Interpretation: The range of the middle half of travel times for the 
New Yorkers in the sample is 27.5 minutes.
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Definition:
The 1.5 x IQR Rule for Outliers

Call an observation an outlier if it falls more than 1.5 x IQR above the 
third quartile or below the first quartile.

  
Example, page 57

In the New York travel time data, we found Q1=15 
minutes, Q3=42.5 minutes, and IQR=27.5 minutes.
For these data, 1.5 x IQR = 1.5(27.5) = 41.25
Q1 - 1.5 x IQR = 15 – 41.25 = -26.25
Q3+ 1.5 x IQR = 42.5 + 41.25 = 83.75
Any travel time shorter  than -26.25 minutes or longer than
83.75 minutes is considered an outlier.

0   5
1   005555
2   0005
3   00
4   005
5
6   005
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Definition:
The five-number summary of a distribution consists of the 
smallest observation, the first quartile, the median, the third 
quartile, and the largest observation, written in order from 
smallest to largest.

Minimum     Q1     M     Q3     Maximum
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•Draw and label a number line that includes the 
range of the distribution.

•Draw a central box from Q1 to Q3.

•Note the median M inside the box.

•Extend lines (whiskers) from the box out to the 
minimum and maximum values that are not outliers.

How to Make a Boxplot
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M = 22.5 Q3= 42.5Q1 = 15Min=5

10 30 5 25 40 20 10 15 30 20 15 20 85 15 65 15 60 60 40 45

5 10 10 15 15 15 15 20 20 20 25 30 30 40 40 45 60 60 65 85

Max=85
Recall, this is an 

outlier by the 
1.5 x IQR rule
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NumberOfPets
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Collection 5 Dot Plot

1) Calculate the mean.
2) Calculate each deviation.

deviation = observation – mean

    = 5



x 

deviation: 1 - 5 = -4
deviation: 8 - 5 = 3
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Collection 5 Dot Plot

xi (xi-mean) (xi-mean)2

1 1 - 5 = -4 (-4)2 = 16
3 3 - 5 = -2 (-2)2 = 4
4 4 - 5 = -1 (-1)2 = 1
4 4 - 5 = -1 (-1)2 = 1
4 4 - 5 = -1 (-1)2 = 1
5 5 - 5 = 0 (0)2 = 0
7 7 - 5 = 2 (2)2 = 4
8 8 - 5 = 3 (3)2 = 9
9 9 - 5 = 4 (4)2 = 16

Sum=? Sum=?

3) Square each deviation.

4) Find the “average” squared 
deviation. Calculate the sum of 
the squared deviations divided 
by (n-1)…this is called the 
variance.

5) Calculate the square root of the 
variance…this is the standard 
deviation.

“average” squared deviation = 52/(9-1) = 6.5      This is the variance.

Standard deviation = square root of variance =





6.5  2.55
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Definition:
The standard deviation sx measures the average distance of the 
observations from their mean. It is calculated by finding an average of 
the squared distances and then taking the square root. This average 
squared distance is called the variance. 

 



variance =  sx
2 

(x1x )2  (x2 x )2  ... (xn x )2

n1


1
n1

(x i x )2



standard deviation =  sx 
1

n1
(x i x )2



+


C

ho
os

in
g 

M
ea

su
re

s 
of

 
C

en
te

r a
nd

 
Sp

re
ad


W

e 
no

w
 h

av
e 

a
ch

oi
ce

 b
et

w
ee

n
tw

o 
de

sc
rip

tio
ns

 fo
r

ce
nt

er
 a

nd
 

sp
re

ad


M
ea

n 
an

d 
St

an
da

rd
 

D
ev

ia
tio

n


M
ed

ia
n 

an
d 

In
te

rq
ua

rti
le

 
R

an
ge

•The median and IQR are usually better than the mean and 
standard deviation for describing a skewed distribution or a 
distribution with outliers.

•Use mean and standard deviation only for reasonably 
symmetric distributions that don’t have outliers.

•NOTE: Numerical summaries do not fully describe the 
shape of a distribution.  ALWAYS  PLOT  YOUR  DATA!

Choosing Measures of Center and Spread
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In this section, we learned that…

  A numerical summary of a distribution should report at least its 
center and spread.

The mean and median describe the center of a distribution in 
different ways.  The mean is the average and the median is the 
midpoint of the values.

When you use the median to indicate the center of a distribution, 
describe its spread using the quartiles. 

The interquartile range (IQR) is the range of the middle 50% of the 
observations: IQR = Q3 – Q1.

Summary

Section 1.3
Describing Quantitative Data with Numbers
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In this section, we learned that…

  An extreme observation is an outlier if it is smaller than             
Q1–(1.5xIQR) or larger than Q3+(1.5xIQR) .

The five-number summary (min, Q1, M, Q3, max) provides a 
quick overall description of distribution and can be pictured using a
boxplot.

The variance and its square root, the standard deviation are 
common measures of spread about the mean as center.

The mean and standard deviation are good descriptions for 
symmetric distributions without outliers. The median and IQR are a
better description for skewed distributions.

Summary

Section 1.3
Describing Quantitative Data with Numbers



+ Looking Ahead…

We’ll learn how to model distributions of data…

•Describing Location in a Distribution

•Normal Distributions

In the next Chapter…


