Share Knowledge

Frequency Distribution

A frequency distribution is a summary technique that organizes data into
classes and provides in tabular form a list of the classes along with the number

of observations 1n each class.

DEFINITION

Constructing a Frequency Distribution

1. Choose the classifications.

2. Count the number 1n each class.
PROCEDURE
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The first question in the survey was: In general, how would you rate the quality of
American public schools? The frequency of each response category is shown in the
table on the left. The frequency distribution for the second question involving a lack
of parental involvement with a child’s education 1s given in the table on the right.
The summary tables are much more informative than looking at 1250 observations
for each question.

Frequency Distribution of Frequency Distribution of
Responses Responses

In general, how would you rate the How serious is a lack of parental
quality of American public schools? involvement with a child’s education?
Excellent 462 Very serious 700
Pretty good 288 Somewhat serious 325
Only fair Z2S Not very serious 112
Poor 225 Not a problem 75
Not sure 50 Not sure 38
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Relative Frequency

Distribution of Responses

In general, how would you rate the
quality of American public schools?

Excellent 37%
Pretty good 23%
Only fair 18%
Poor 18%

Not sure 4%

Relative Frequency

Distribution of Responses

How serious is a lack of parental
involvement with a child’s _education?

Very serious

Somewhat serious
Not very serious
Not a problem

Not sure

56%
26%
9%
6%
3%

Share Knowledge
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Bar Chart

The bar chart is a simple graphical display in which the length of each bar
corresponds to the number of observations in a category.

DEFINITION

-

Lack of Parental Involvement
Louis Harris Poll

Not very serious -
Not a problem -
Not sure .
l I I I | I I

0% 10% 20% 30% 40% 50% 60%

Very serious

Response Categories

Percentage of Frequency Distribution
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Table 3.2.1 - Sales Performance

Total Sales
Salesperson (in thousands of dollars)
Susan 187
William 201
Beth 207
Rob 193

Sales Performance

— b
S &

Total Sales
=

(Thousands of Dollars)

N
=
|

=

Salesperson

Total Sales
(Thousands of Dollars)

Sales Performance

Salesperson
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of a circle. The size of each slice is proportional to the amount or frequency

in each category. The proportion of the total that each slice represents is often o Share Knowledge

displayed as a percentage on the chart. These percentages should total 100%.
DEFINITION

Table 3.2.2 - Percentage Spent by the

Federal Government in 2015

Category Percentage Spent

Social Security 38%

Medicare and Health mens

National Defense Federal Government Spending, — _
I — Fiscal Year 2015 Total Spending: $3.36 trillion
Net Interest 04

B Social Security

0.35

03 .
. Medicare and

Health
. National Defense

0.25
02

0.15

Percentage Spent

0.1 . Other Programs

0.05
Net Interest
0 . l ! 5
Medicare Other  Net Interest 28%

Social National
Security and Health Defense  Programs

Spending Category =z S \ _ Q_ j T‘:‘\ \\ voN\

: Mo
Figure 3.2.9 ‘O(J('f“a' ,52) ATYgAlL
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‘Most of the Budget Goes Toward
Defense, Social Security, and Major
Health Programs N> .S e\l

Defense : 13% = s Rarali
Social Security: 21%

Health insurance: 24%

Economic security
programs: 8%

-Benefits for veterans and
— federal retirees: 8%

Interest on debt: 10%
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Stacked Bar Charts

Stacked bar charts are an interesting variation on the standard bar chart. The number
of medals (gold, silver, and bronze) won during the 2014 Winter Olympics for
selected countries is given in Figure 3.2.7.

35

30 T
25 T
20 T
15 ¢
10 T

Medal Count

Winter Olympics Medal Count 2014

Medal Count
& N & O O

.f".-..- i e e

Winter Olympics Medal Count 2014

B Bronze
O Silver
] Gold

B Bronze
1 EdSilver
M Gold
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Table 3.3.1 - Frequency

Heart Rates (per min.) of 50 Students Distribution of Heart Rates

77 84 79 90 67 84 82 74 88 5

Heart Rate | Number of Students

69 81 94 68 65 8 78 79 79 70 57-66 2
83 83 84 82 93 80 81 80 87 80 67-76 10
62 98 77 83 82 80 82 73 85 77 77-86 32

87-96 n

77 79 81 70 72 85 84 80 74 83

97-106 I
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Determine the class width. In some cases, the data set easily lends itself
to natural divisions, such as decades or years. At other times, we must o e nonleds
choose divisions for ourselves. You will want to choose a width so that the
classes formed present a clear representation of the data and include all
values in the data set. The width of each class should be the same whenever
possible; exceptions may occur for the beginning and ending intervals.
There is really no perfect formula for class width that will work for every
data set. However, a good starting point for class width is to divide the
difference between the maximum observation and minimum observation

by the number of classes.
Maximum Value — Minimum Value
Number of Classes

Class Width =

Class endpoints with fractional values will make the graph harder to
understand. If possible, try to keep the width to an integer value by rounding

the class width up to the next largest integer or choosing an integer value
close to the calculated class width that makes sense.

Continued...

Constructing a Frequency Distribution (continued)

3. Find the class limits. The lower class limit is the smallest number t
can belong to a particular class, and the upper class limit s the larg
number that can belong to a class. Using the minimum data value, o
smaller number, as the lower limit of the first class 1s a good place to st
However, judgment is required. You should choose the first lower limit
that reasonable classes will be produced. After choosing the lower ki
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Relative Frequency

The relative frequency of any class is the number of observations in the class
divided by the total number of observations:

Number in Class
Total Number of Observations

Relative Frequency =

DEFINITION

Table 3.3.2 - Heart Rate Relative

Frequency Distribution

Heart Rate Relative Frequency
5766 2/50 = 0.04
67-76 10/50 = 0.20
77-86 32/50 = 0.64
87-96 5/50 = 0.10

97-106 1/50 = 0.02

Share Knowledge
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Cumulative Frequency

The cumulative frequency is the sum of the frequency of a particular class
and all preceding classes.

DEFINITION

Table 3.3.3 - Heart Rate Cumulative Frequency Distribution

Heart Rate Frequency Cumulative Frequency
57-66 2 2
67-76 10 12
77-86 32 44
87-96 - 49
97-106 1 50

In this example, the reader can easily see in Table 3.3.3 that 49 out of 50 heart rates
are less than or equal to 96 beats per minute.

13
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Cumulative Relative Frequency

The cumulative relative frequency is the proportion of observations in a
particular class and all preceding classes.

DEFINITION

Table 3.3.4 - Heart Rate Cumulative Relative Frequency

Heart Rate | Relative Frequency | Cumulative Relative Frequency

57-66 0.04 0.04
67-76 0.20 0.24
77-86 0.64 0.88
87-96 0.10 0.98
97-106 0.02 1.00
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Frequency

Histogram of Student Heart Rate Data

of each class.

A histogram 1s a graphical representation of a frequency or relative frequency
distribution. The horizontal scale corresponds to classes of quantitative data
values and the vertical scale corresponds to the frequency or relative frequency

Table 3.3.1 - Frequency

Distribution of Heart Rates

Heart Rate | Number of Students
57-66 2
67-76 10
77-86 32
87-96 5
66.5 76.5 86.5 96.5 106.5 97-106 |

Beats per Minute

Share Knowledge
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Symmetric vs. Skewed

If you split the histogram of a distribution down the center, and the left and
right sides of the histogram are approximately mirror images of one another,
the distribution is said to be symmetric.

A skewed distribution 1s a nonsymmetric (or asymmetric) distribution that
extends more to one side than the other. The distribution is said to be skewed
to the right (or positively skewed) if the tail to the right of the peak of the
distribution 1s longer than the tail to the left of the peak. The distribution 1s said
to be skewed to the left (or negatively skewed) if the tail to the left of the peak
of the distribution is longer than the tail to the right of the peak.

DEFINITION |

When we look at a histogram, what features are important?

1. Is the distribution of the data symmetric or skewed?

Skewed Right Skewed Left

Share Knowledge
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Stem-and-Leaf Plot

The stem-and-leaf plot is a graph representing quantitative data that separates
~each data value into two parts: the stem and the leaf.

= — —-— =

DEFINITION
Data Stem Leaf
97 09 71
99 09 9
108 10 8
110 11 0
111 11 1
Stem-and-Leaf Plot
Stem | Leaf
09|79
10 | 8
11|01
Kaw-10n | R = TNR

Share Knowledge
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Year 1986 1987 1988 1989
HR 16 25 24 19
Year 1992 1993 1994 1995
HR 34 46 37 33
Year 1998 1999 2000 2001
HR 37 34 49 73
Year 2004 2005 2006 2007
HR 45 . 26 28

Babe Ruth

Year 1914 1915 1916 1917
HR 0 + 3 2
Year 1920 1921 1922 1923
HR 54 59 35 41
Year 1926 1927 1928 1929
HR 47 60 54 46
Year 1932 1933 1934 1935
HR 41 34 22 6

Share Knowledge
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Home runs Hit per Season: Babe Ruth vs Barry Bonds

Key: 0

Ruth Bonds
2| 0 (5
1169
2 (54568
313473749
1676961| 4 1620965
494 5
0| 6

1= 60 HR for Ruth, 61 HR for Bonds

Share Knowledge
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County Obesity Population 2016

County Obesity

Population

[20 to 1,669)

[1,669 to 3,024)

13,024 t0 4,768)

114,768 t0 6,723)
16,723 to 9,688)
19,688 to 14,119)
[14,119 to 23,632)
123,632 to 50,848)
150,848 to 2,087,815]

Figure 3.4.9

20
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Example 4.1.1

Calculate the sample mean of the following sample data values: 4, 10, 7, 15. —

——

H\lf’faﬂe (| o ")‘ 15/ |2 3

, oy
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Example 4.1.2

Meghan is a freshman in college and she received the following grades for her
first semester.

Meghan's Grades

3

Course Grade Credit Hours
Psychology 101 B3 . > G
Probability and Statistics | A 4 b
Anatomy | C } 5 = 10

A

English 101 Y 3 3\

ﬂ

171

Share Knowledge
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Example 4.1.5

Consider the following goal tallies from eleven games played by the Charleston Battery
soccer team.

[ 2. .o % 1.0 3.3 1 2, 6 ]
1l -<.5
LSSy w
OIS

Consider the following ten test scores from a student taking a high school I O

—
calculus class. ~ -~

7
[ 65, 98, 76, 83, 94, 79, 88, 72, 90, 85 = @
Find©~ median. 65,'7;{.7""/7 a’/ ?8', qo:qVJqS’

Share Knowledge
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Example 4.1.7

Find the mode of the following data regarding the number of power outages reported
over a period of eleven days.

3|

[ 0,1,4,3,93810,0,1,3 0 |
r 'y

Share Knowledge
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Table 4.1.3 - Applicable Level of Measurement

Qualitative

Quantitative

| Interval |

Mean v v
Median | v |
Mode v v

v
v
v

Share Knowledge
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Bell-Shaped Distribution

-2 -1 0 I 2

mean
median

Mmod &

Share Knowledge
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Positively Skewed Curve

Negatively Skewed Curve

=

median

L ef+

® Share Knowledge
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Daily Production

Day | | 2 03| 4 S| 6 | 8 'S 10
Units | 100 104 117 20 20 111 105 106 115 10l

Day b 12 PIS 14 IS 16 17| 18 IS X
Units | 101 102 115 116 113 103 104 119 118 108

me an = 919.9

- S
median= |05,
node = 20,10, 0, 11>

p Share Knowledge
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The range is the difference between the largest and smallest data values.
DEFINITION

Share Knowledge
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Variance

The variance of a data set containing the complete set of population data 1s

gi\fﬂﬂ by }\6{\ -/u/_ mea(\

and 1s called the sample variance.

FORMULA

S e\é SE:E(:—T) | almc’
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Properties of the Standard Deviation

e The standard deviation 1s always nonnegative. It 1s zero only if all the
data values are exactly the same.

e The standard deviation can increase dramatically 1f there are one or
more outliers in the data.

e The standard deviation is expressed in the same units as the original
data values.

PROPERTIES |

33
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Empirical Rule

The empirical rule is so named because the given percentages are actually observed in
practice. This rule doesn’t apply to all distributions, only those that are symmetrical

and bell-shaped.

Empirical Rule

If the distribution of the data is bell-shaped, then

the mean.

the mean.

e About 68% of the data should lie within 1 standard deviation of the mean.
e About 95% of the data should lie within 2 standard deviations of

e About 99.7% of the data should lie within 3 standard deviations of

PROPERTIES

Share Knowledge
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The heights of adult men in America are normally
distributed, with a mean of 69.2 inches and a standard
deviation of 2.66 inches.

h
(JS%_;? GG‘ S l‘ é-—n —)ll.lsil;"ugﬁ"uebempi‘::;lile i:;érmul distribution

o) = 3 ¥ TTHSE
qu) ? (937}- (--?77; 11 o8

13.5% 2.35%

;_(,6 A

b IR 1

<>’ Scribbr

® Share Knowledge
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1.0.

>’ Scribbr

Q=100 G=)%

Using the empirical rule in a normal distribution

89,7%
95%
68%
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I'he manager of a local diner has calculated his average daily sales to be $4500
with a standard deviation of $750.

1S /5 13 ?g s N
‘ - i 06'0/
L6015 “Zas o s S
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10 Tind the location of the P™ 0
percentile in the ordered data, g 0 D __2—--—)
calculate,

c=n(i 150 = |

100

where n is the number of
observations in the
ordered data.

No ) Yes
rl Is £ an integer? I—]
- 150
Average the L’ | \ <
data value in PAL S
o |
Round ¢ up to the £2 ( | SD\ l
next location with
SCIRSENe: the data 1
e value in the
(c+1)™
location

Find the data
value in the
(™ location.
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Ordered Test Scores

8 | @) | 4
21 | 4 | 55
MO o | as | s
¢ G| 45 | 56
46 | 57
31| 47 | S8
2 | 48 | el
3 | 49 | 62
¥ | 2 | 63
@ | s

67
69
70
71

77
80
81
82

\ O‘}L' ‘)fr(: em'\"\‘e
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Box Plot with Added Test Scores

42
|

54
|

66
1
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