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Day

Sunday

Births

7,t34

Monday 1r,430

Tìresday 72,387

\Tednesday 12,730

Thursday 12,308

Friday t2,047

Saturday 8,T24

Present these data in a well.labeled bar graph. \7ould it aiso be correct ro make a

pie chart? Suggest sorne possible reasons why there are fewer births on weekends.

1.3 Ouantitative variables: histôcr ram3 J

Quantitative variables often take many values. The distribution tells us what
values the variable takes and how often it takes these values. A graph ofthe distri.
bution is clearer if nearby values are grouped together. The most common graph of
the distribution of one quantitative variable is a histogram.

What percent of your home state's high school students graduate within four years?
The No Child Left Behind Act of 2OO1 uses on-time high school graduation rates as
one of its monitoring requirements, However, in 2OO1 most states were not collecting
the necessary data to compute these rates accurately, The Freshman Graduation Rate
(FGR) counts the number of hìgh school graduates in a given year for a state and
divides this by the number of ninth graders enrolled four years previously, Although
the FGR can be computed from readily available data, it neglects high school students
moving into and out of a state and may include students who have repeated a grade,
Several alternative measures are available that partially correct for these deficiencies,
but states have been free to choose their own measure, and the resulting rates can
differ by more than 10%, Federal law now requires all states to use a common, more
rigorous computation, lhe Adjusted Cohort Graduation Rofe, that tracks individual
students, Table 1.1 presents the data for 2O1O-1 1, the first year in which states
used a common formula and for which graduation rates could be compared between
states,6 ldaho, Kentucky, and Oklahoma received "timeline extensions" and were not
required to file in 2O1O-1 1 ,

The individuals in this data set are the states, The variable is the percent of a state's
high school students who graduate within four years. The states vary quite a bit on this
variable, from 597o in the District of Columbia lo 88% in lowa. lt's much easier to see
how your state compares with other states from a graph like a histogram than from
the table. To make a histogram of the distribution of this variable, proceed as follows:

Step 1. Choose the classes. Divide the range of the data into classes of equal
width, The data in Table 1,1 range from 59 to 88, so we decide to use these classes;

percent on-time graduates between 55 and 60 (55 to <60)

percent on-time graduates between 60 and 65 (60 to <65)

histogram

GRADRATE

@

ffi WHAT'S THAT
NUMBER?

You might think that numbers,
unlike words, are ur-riversal. Think
again, A "billion" in the United
States means 1,000,000,000 (nine
zeros). In Europe, a "billion" is
1,000,000,000,000 ( 1 2 zeros).

OK, those are words that describe
numbers. But those commas in big
numbers are periods in many other
languages. This is so confusing that
international standards call for
spaces instead, so that an American
billion is written 1 000 000 000. And
the decimal point of the English.
speaking world is the decimal comma
in many other languages, so that
3.1416 in the United States becomes
3,1476 in Europe. So what is the
number 10,642.389? It depends on
where you are.

percent on-time graduates between 85 and 90 (85 to <9O)
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TABLE 1 . 1 PERCENT OF STATE H¡GH SCHOOL STUDENTS GRADUATING ON TIME
STATE PERCENT REGIOl{ STATE

Alabama 72S Ohio

PERCEIIT REGIOI

BO M\ø
S

Alaska 68 \ø
Arizona 7B \(/ 68 \7
Arkansas B1 c

California 76 \7 Rhode Islancl

83 _ N=_E_

77 NE
Colorado 74 ì7 South Carolina 74 S

South Dakota 83 M\7
Delaware 78S Tènnessee 86S
Connecticur 83 NE

STATE PERCEI{T REGIO]I

Massachusetts 83 NE

Louisiana

Minnesota

Mississ

71 S

84 NE

83S

75 S

74

77

M\Ø

M\ø

Missouri

Montana

81 MW
87. \)ø

86 M\ø
62W

Nebraska

Nevada

New Hampshire 86 NE
New ersey 83 NE

63

77

\(/
NE

New Mexico

New York

Florida 7IS
Georgia 67 q

Tèxas

Utah

Vermont

'!Tashington

\West Virginia

S

\ø
B6

76

NE

\(/

Hawaii

Idaho

\(/
\(/

BO
B7

82

76

76

Illinois

Indiana

Iowa

Kansas

84 M\7
86 M\ø
88 M\)ø

c

c

\Visconsin 87 M\ø
83 M\ø North Carolina 78 S

North Dakora 86 M\y

60 to <65

65 to <70

70 to <75

ì(/80
S Dist. of Columbia 59 S

11lt

It is important to specify the classes carefully so that each individual falls into exactly
one class. Our notation 55 to <60 indicates that the first class includes states with
graduation rates starting at 55Vo and up to, but not including, graduation rates of
60%, Thus, a state with an on-time graduation rate of 6o% falls into the second
class, whereas a state with an on-time graduation rate of 59% falls into the first class,
It is equally correct to use classes 56 to <62, 62 to (6g, and so forth, Just be sure
to specify the classes precisely so that each individual falls into exactly one class.

Step 2. Count the individuals in each class, Here are the counts:

Class (ount Class Count

55 to <60 75 to <80

2

)

6

80 to <85 t6

85 to <90 9

check that the counts add to 48, the number of individuals in the data set (the 47
states reporting and the District of Columbia).

Step 3. Draw the histogram. Mark the scale for the variable whose distr¡bution
you are displaying on the horizontal axis. That's the percent of a state's high school
students who graduate within four years, The scale runs from 55 to 90 because that
is the span of the classes we chose. The vertical axis contains the scale of counts.
Each bar represents a class, The base of the bar covers the class, and the bar height
is the class count. Draw the bars with no horizontal space between them unless a
class is empty, so that its bar has height zero, Figure 1 ,5 is our histogram, Remember,
an observation on the boundary of the bars-say, 65-is counted in the bar to its
right, r
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o
65 70 75 80

Percent of on-tirre HS graduates
85 90

.flh A¿tl-l ough hßtogrmns resemble bar graþhs, their detaíls and uses are different. A
ffi histogram displays the distribution of a quantitative variable. The horizon.'rç tal axis of a histogram is marked in the units of measurement for the vari.
able. A bar graph compares the sizes of different quantities. The horizontal axis of
a bar graph simply identifies the quantities being compared and need nor have any
measurement scale. These quantities may be the values of a categorical variable, but
they may also be unrelated, like the sources used to learn about music in Example 1.3.

Draw bar graphs with blank space between the bars to separate the quantities
being compared. Draw histograms with no space, to indicate that all values of the
variable are covered.A grp between bars in a histogram indicates that there are
no values for that class.

Our eyes respond to the mea of the bars in a histogram.? Because the classes are
all the same width, area is determined by height, and all classes are fairly repre.
sented. There is no one right choice of the classes in a histogram. Too few classes
will give a "skyscraper" graph, with all values in a few classes with tall bars. Too
many will produce a "pancake" graph, with most classes having one or no observa.
tions. Neither choice will give a good picture of the shape of the distriburion. You
must use your judgment in choosing classes to display the shape. Statistics software
will choose the classes for you. The software's choice is usually a good one, but you
can change it if you want. The histogram function in the OneÃ/ariable Støtistical
Calculator applet on the text website allows you to change the number of classes by
dragging with the mouse, so that it is easy to see how the choice of classes affects
the histogram.
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FIGURE 1 .5
Histogram of the distribution of the per-

cent of on-time high school graduates in

47 states and the District of Columbìa,

for Example 1.4,
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This bar has height 11

because l.L states have
between 75% end79o/o

on-time HS graduatìon
râtes.

Apply Your Knowledge
1.6 Foreign Born. How are foreign,born residents distributed in the United

States? The country as a whole has 13.0% foreign,born residenrs, but rhe states
vary from L3o/o in\Øest Virginia to 27.1o/o in California. Täble 1.2 presents
the data for all 50 states and the District of Columbia.s Make a histogram of
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STATE PERCEIIT

Alabama 3.4

Alaska 6.2

Arizona 13,4

Arkansas 4.3

California 77.r

Colorado a1

Connecticut 13.3

Delaware 8.6

Florida t9.4

9.6

Hawaii tB.z

Idaho 5,9

Illinois t3.9

Indiana 4,6

Iowa 47

Kansas 6.7

3,3

STATE PERCEIIT

Ohio 3,9

Oklahoma 5.5

9,5

5.9

Rhode Island 13.5

South Carolina 4.7

South Dakota 2.9

Tènnessee 4.7

Tèxas t6.5

Utah 8.4

Vermont 3,9

11.1

13.4
'West 1.3

\Wisconsin 4,8

2.9

Dist. of Columbia t3.6

the percents using classes of width 57o starting at 0.07o. That is, the first bar

covers 0.0% to <5.0%, the second covers 5,0% to < 10.0%, and so on' (Make

this histogram by hand, even ifyou have software, to be sure you understand

the process. You may then want to compare your histogram with your soft'

ware's choice.) ffi roneleH

1.7 Ghoosing classes in a Histogram. The data set menu that accompa.

nies the One.Variable Statisúcal Calculator applet includes the data on for'

eign,born residents in the srates from f[ble 1.2. Choose these data, then

click on the "Histogram" tab to see a histogram.

(u) How many classes does the appler choose to use? (You can click on the

graph outside the bars to get a count ofclasses.)

(b) click on the graph and drag to the lefr. \7hat is the smallest number of

classes you can get? !7hat are the lower and upper bounds ofeach class?

(click on the bar to find our.) Make a rough sketch of this histogram.

(.) click and drag ro the right. s7hat is rhe grearest number of ctasses you

can get? How many observations does the largest class have?

(d) You see that the choice ofclasses changes the appearance of a histogram.

Drag back and forth until you get the histogram that you think best dis-

plays the distribution. How many classes did you use? !Øhy do you think
this is besr?

PERCEI{TSTATE

3.8Louisiana

3.3Maine

t3.7Maryland

14.9Massachusetts

6.1Michigan

7.4Minnesota

Mississippi

4.1,Missouri
2.0Montana

6.2Nebraska

19.2Nevada
5,3New Hampshire

zt.3New Jersey
r0.2New Mexico

22.zNew York

7.3North Carolina

2,4North Dakota

Making a sraristical graph is not an end in itself. The ÞurÞose of graÞhs is to heþ

us understand the data. After you make a graph, always ask, "What do I see?" Once

you have displayed a distribution, you can see its important features as follows.

. -#|!q5! '
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1.23 Medical students. Students who have finished

medical school are assigned to residencies in hospi'

tals to receive further training in a rnedical specialty'

Here is part of a hypothetical database of students

seeking residency positions. USMLE is the student's

score on Step 1 of the national medical licensing

examination.

COTOR POPUTARITY

White 25Vo

Black 18%

Silver lSVn

Gray ITYy

Red 9n/o

Beige, brown 9Yo

Blue 7Yo

Other colors

Fill in the percent of vehicles that are in other colors' Make

a graph to display the distribution of color popularity'

1 ,26 Facebook, Twitter, and Linkedln users. After years of

explosive growth in number of users of social network-

ing sites in all age ranges aud demographics, it is hard

to argue that social media haven't changed forever

how we interact and connect online. Although Face-

book is still the dominant player in social networking,

both Twitter and Linkedln have continued to increase

their usage. Here is the age distribution of the users for

the three sites in 2013r' 7 

fi) socrar-Hr

SEX AGE USMTE

SPECIATÏY
SOUGHT

Abrams,
Laurie Florida F 28 238

Family
medicine

Brown,
Gordon Meharry M ?.5 205 RadiologY

Cabrera,

Maria Tufts F 26 191 Pediatrics

Ismael,

Miranda Indiana F 32 245

Internal
medicine

(a) \7hat individuals does this data set describe?

(b) In addition to the student's name, how many

variables does the data set contain? \Øhich of

these variables are categorical, and which are quan'

titative? If a variable is quantitative, what units is it
measured in?

Buying a refrigeratot. Consumer Reports will have

an article comparing refrigerators in the next issue'

Some of the characteristics to be included in the re'
port are the brand name and model; whether it has

a top, bottom, or side-by'side freezer; the estimated

energy consumption per year (kilowatts); whether or

not it is Energy Star compliant; the width, depth, and

height in inches; and both the freezer and refrigerator

net capaciry in cubic feet. \Øhich of these variables

are categorical, and which are quantitative? Give the

units for the quantitative variables and the categories

for the categorical variables. What are the individuals

in the report?

What color is your car? The most popular colors

for cars and light trucks vary with region and over

time. In North America white remains the top color

choice, with silver the top choice in South Amer-

ica and white the top choice worldwide for the

third consecutive year. Here is the distribution of
the top colors for vehicles sold globally in 2013:t6

@ crncor-on

AGE GROUP

7}Vo 4Vo

18 to 24 years l4o/o 18% l]Vo

75 to 34 years 19Yo 22Vo 20o/o

35 to 44 years lTVo lTVo 18%

45 to 54 years lTVo l5Vo 20o/o

55 to 64 years 13Yo 7|Vo 17Vo

Over 65 years 10o/o 7o/o l7o/o

(a) Draw a bar graph for the age distribution of
Facebook users. The leftmost bar should correspond

to "13 to 1?," the next bar to "1B to 24," and so on.

Do the same for Jìøitter and Linkedln, using the

same scale for the Percent axis.

(b) Describe the most important difference in the age dis-

tribution of the audience for these three social networking

sites. How does this difference show up in rhe bar graphs?

Do you think it was important to order the bars by age to

make the comparison easier? \Øhy or why not?

(c) Explain why it is appropriate to use a pie chart to

display any of these distributions' Draw a pie chart for

each distribution. Do you think it is easier to compare

the three distributions with bar graphs or pie charts?

Explain your.reasoning.

FACEBOOI(

USERS

TWITÏER
USERS

t¡]il(EDlil
USERS

13 to 17 years 70Vo

1.24

1.25

-J--








