
MATH 221, Sample Problem (2)

Chapter 2

Histograms and Frequency Distributions

I.  A Histogram is a form of bar graph in which:

A. The width of a  bar is designated by an interval or ratio data

value  and thus has numerical significance.

B.  The height of a bar corresponds to the number of times the data

values fall in that class.

(Called the frequency and symbolized with f.)

C.  The bars touch.

II.  In order to construct a histogram, it is necessary to determine

the following significant numbers:

A.  Number of Classes (bars)

1.  Too few tend to lump the data together whereas too many

will chop it up too finely.

2.  This number may be determined by convenience, but is

usually between five and twenty in order to detect patterns.

B. Range

1.  Determine the highest data value & lowest data value.

2. Range= Highest data value- Lowest data value
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C.  Class Width

1. Divide the range by the number of classes

2.  Round this number up to the next convenient value.

(Rounding up insures that all data values will fit inside the

designated classes.)

III.  A  frequency distribution table will consist of the following:

Frequency Distribution is a table showing classes or intervals of

data entries with a count of the number of entries in each class.

Frequency, f, of a class is the number of data entries in the class.

A.  Class Limits

1.  Lower class limit (lowest data value in a class).

2.  Upper class limit (highest data value in a class).

B.  Class Boundaries

1.  Lower class boundary (subtract 1/2 the distance between

class limits from the lower class limit).

2.  Upper class boundary (add 1/2 the distance between the

class limits to the upper class limit)

C.  Class midpoints: Average of lower class limit and upper

class limit. (Also average of  class boundaries.)

D.  Frequencies: The number of times the data values fall in

each class. (Determines the heights of the corresponding bars)
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E.  Relative frequencies: The frequency of the class divided by

the total frequency.  This value is always between 0 and 1.

When multiplies by 100 this gives the percent of the  data

that falls in each class.  The total will always be equal to

100%=1, but round offs  may cause a slight variation.

F.  Cumulative frequencies:  The sum of the frequency for that

class and all previous classes. The cumulative frequency of

the last class is equal to the sample size, n.

IV.  Steps in constructing a frequency distribution table:

A.Let the lower class limit for  first class be the lowest data value.

To obtain the lower class limit for the second class, add the class

width.  Continue adding the class width to produce subsequent

lower class limits.  List in a vertical column.

B. Enter the corresponding upper class limits.  The upper class limit

for the first class is found by subtracting 1 from the lower class

limit of the second class. The rest of the upper class  limits can be

found by adding the class width to each upper class limit value.

C.  Place a tally mark in the appropriate class corresponding to each

data value.Form a vertical column labeled "f" (frequency) to

numerically represent the tally count for each class.

D.  Form a vertical column for class boundaries.  Note that the ad-
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dition and subtraction of 1/2  guarantees that the bars will touch

i.e. the upper class boundary for the first class = the lower class

boundary for the second class.

V.   Construct the graph of histogram

A.  If the horizontal axis does not begin with 0, place a       symbol

for the corner.

B.  Label the horizontal axis with either the class boundaries or the

class midpoints spaced at equal intervals.  Identify the variable

represented in words and identify the units used.

C.  Mark the vertical axis with "f".  Be sure you have enough space

on both axis to include all the data.

D.  Construct rectangular bars

1.  width of bar = class width

2.  height of each bar = frequency of data value in that class.

VI.  Frequency Polygon (line graph).

A.  Line segments connecting midpoints of the bars of a histogram.

B. They can be drawn with or without showing the histogram.(Just

connect appropriate points)

VII.  Relative Frequency Histogram

A.  Horizontal scale is the same as a histogram. It may be labeled

with either class midpoints or class boundaries.
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B.  Vertical scale measures the relative  frequency of a class.

Relative Frequency =
ClassFrequency

SampleSize
=

f

n

VIII.  Ogive (Cumulative Frequency Graph)

A.  Horizontal scale consists of upper class boundaries. The

graph should start at the lower boundary of the first class

(cumulative frequency is zero) and end at the upper boundary

of the last class (cumulative frequency is equal to  sample size).

B. Vertical scale measures cumulative frequencies.
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More Graphs and Displays

I.  Stem-and-Leaf Plot

A.  An example of exploratory data analysis (EDA) developed by

John Tukey in 1977.

B.  Each entry is separated into a stem (the entry’s leftmost digits)

and a leaf (the rightmost digit).

C. Advantage: graph contains the original data values and an easy

way to sort data.

D.  Given set of data values: 27, 32, 41, 43, 43, 44, 47, 47, 48, 50,

51, 51, 52, 53, 53, 53, 54, 54, 54, 54, 55, 56, 56, 58, 59, 68, 68,

68,73, 78, 78 Stem   Leaf

2        7

3        2

4        1 3 3 4 7 7 8

5         0 1 1 2 3 3 3 4 4 4 4 5 6 6 8 9

6         8 8 8

7         3 8 8

*This is an example of an ordered stem-and-leaf plot.

* There may also be unordered stem-and-leaf plot.

II.  Dot Plot

A.  Each data entry is plotted, using a point, above a horizontal axis.
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III.  Pie Chart

A. Easy to interpret

B. To find the central angle that corresponds to a data entry,

multiply the entry’s relative frequency (or percent) by 360°.

*Central angle is an angle whose sides are radii of a circle.

IV. Pareto Chart

A.  Often used in quality control to detect the most important
cause

of the problem.

B.  Find the frequency or relative frequency for each data entry.

C.  Position the bars in decreasing order (from left to right) ac-

cording to frequency or relative frequency.

V.  Scatter Plot

A.  Sometimes also referred to as the scatter diagram orscattergram.

B.  Two sets of data with the same number of entries, each entry in

the first data set corresponds to one entry in the second data set.

The sets are paired data sets. (ex. petal length vs. petal width)

VI.  Time Series

A.  A data set that is composed of entries taken at regular intervals

over a period of time.(ex. daily precipitation)

B.  The horizontal axis represents the time scale.
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Measures of Central Tendency (2.3 Larson & Farber)

There are several ways to describe central tendency (average) of a set

of data.  Each has  its own characteristics.

I.  Mean

A. This is the average you are probably most familiar with.

It is computed by calculating the sum of all the data values and

dividing by the number of data  values.

B.  Population Mean: m =
x

N

å
N = number of data values in population

C.  Sample Mean: x
x

n
=

å
n = number of data values in the sample

D.  An extreme value (outlier) can greatly affect the mean.

E.  It is only meaningful when the data is at interval or ratio level.

II.   Median

A. The point that separates the top half of the data from the bottom

half. i.e.  Half the data values fall above the  median and half

fall below.

B.  To determine the median all data values must be ranked in

either ascending or in descending order.  The ranks will be

numbered 1, 2, 3,...n.
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C.   The rank of the median is computed by
( )n +1

2
.  Add 1 to

the number of data entries and divide by 2.  The median is

the value which is in  this  rank.

1.  If n represents an odd number (there are an odd number

of data entries)  the median will be the value which is

in the middle once the data has been written in order.

Example: if n =27

then the rank of the median =
( )27 1

2
14

+
=

2.  If n is an even number, the median is the average of the

two middle  values.  Example: if n =16, the rank of the

median is
( )

.
16 1

2
8 5

+
= .  We  can interpret a rank of 8.5

as the average (mean) of the 8th and the 9th ranked

data values.

D.  The median is more stable since it is not affected greatly

by extreme  values;this is considered as more resistant.

E.  It can be determined with ordinal, interval, or ratio data.
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III.  Mode

A.  If it exists, the mode is the value or response that occurs most

frequently.

B.  If two entries occur with the same greatest frequency, each

entry is a mode and the data set is called bimodal.

C.  It can be determined with data at all four levels of measure-

ment (nominal, ordinal, interval, or ratio).

*The only measure of central tendency that can be used to

describe data at the nominal level of measurement.

IV.  Trimmed Mean

A.  Obtaining  trimmed mean

1.  Place the data in ranked order.

2.  For the 5% trimmed mean, determine the closest value to

5% of the data frequency.

3.  Eliminate this number of data entries from the lowest end

of the data and  also from the highest end of the data.  Then

compute mean of the remaining 90% of the middle values.

B.  When there are no extreme values, the mean and the trimmed

mean will be  close.  When there are  extreme values, they

may differ significantly.
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V.  Weighted Mean

A.  The mean of a data set whose entries have varying weights.

B.  Weighted Mean, x
x w

w
=

×å
å
( )

w = weight of each entry

C.  Example:

1. By the end of the term, Jane in MATH 220 has received:

88 for her final exam, 90 for her tests, 94 for her class

works, 85 for her quizzes, and 100 from professor’s ap-

praisal (she has conducted herself beautifully in class). Since

Professor Nunamaker has stated, in the syllabus, that the

grade is determined by: 20% from the final exam, 40% from

tests, 20%  from class works, 15% from quizzes, and 5%

from professor’s discretion. What is Jane’s  weighted mean,

or grade for MATH 220 question

Source           Score, x Weight, w xw

Final Exam                     88                                  0.2                            17.6

Tests                               90                                  0.4                            36.0

Class Works                   94                                  0.2                            18.8

Quizzes                           85                                 0.15                          12.75

Professor’s Discretion   100                                 0.05                           5.00

w =å 1 ( ) .x w× =å 9015
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So, Jane’s weighted mean or overall score/grade is:

( ) .
.

x w

w

×
= =

å
å

90 15

1
90 15 and this is equivalent to an “A”.

2.  On the other hand, if Jane is often tardy and behaves rude-

ly in class, the most Professor would give her is a score of

50 in the category of Professor’s Discretion.

Source           Score, x Weight, w xw

Final Exam                     88                                  0.2                            17.6

Tests                               90                                  0.4                            36.0

Class Works                   94                                  0.2                            18.8

Quizzes                           85                                 0.15                          12.75

Professor’s Discretion    50                                 0.05                           2.50

w =å 1 ( ) .x w× =å 8765

In this case, Jane’s weighted mean or overall score/grade is:

( ) .
.

x w

w

×
= =

å
å

87 65

1
87 65 and this is equivalent to a “B”.

VI.  Mean of a Frequency Distribution

Mean of a frequency distribution, x
x f

n
=

×å( )
n f= å
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VII.  Shape of Frequency Distribution

A. Symmetric:  The right half of the histogram is the mirror

image of the left if a vertical line is drawn through middle

of  a graph of the distribution.

B. Uniform (or rectangular):  All bars are equal in height.

(Appearance is  rectangular in shape.)  All classes in the

distribution have equal frequencies.

C. Skewed  left (or negatively skewed):  The left side of the

graph has a longer "tail", leaving a greater proportion of data

at the right end.

D. Skewed  right (or positively skewed):  The right side of the

graph has a longer "tail", leaving a greater proportion of data

at the left end.
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Measures of Variation

I.   Range

Difference between maximum entry and minimum entry.

II.  Deviation

Difference between the entry and the mean, m, of the data set.

III. Population & Sample Variance

A.  The mean of the squares of the deviation

B. Population variance, s
m

2

2

=
-å( )x

N
N =# of entries in population

C.  Symbol s is the lower case Greek letter sigma.

D.  Sum of squares, SS xx = -å( )m 2 or SS x xx = -å( )2

E. Sample variance, s
x x

n

2

2

1
=

-

-

å( )
n =# of entries in sample

F.  Units are usually meaningless.

IV.  Population & Sample Standard Deviation

A.  Square root of the population variance.

B.  A measure of the deviation between entry and mean.  Spread.

C. Population standard deviation, s s
m

= =
-å2

2
( )x

N

D.  Sample standard deviation, s s
x x

n
= =

-

-

å2

2

1

( )
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V.  Empirical Rule (68-95-99.7 Rule)

A.  Many real-life situations have approximately bell-shaped dis-

tribution. These bell-shaped distributions have standard devia-

tions with the following characteristics:

1.About 68% of the data lies within 1 standard deviation of mean.

2.About 95% of the data lies within 2 standard deviation of mean.

3. About 99.7% of  data lies within 3 standard deviation of mean.

VI. Chebyshev’s/Chebychev's Theorem

A.  This theorem is applicable to all distributions.

B.  The portion of any data set lying within k standard deviation

( k > 1 ) of the mean is at least 1
1

2
-

k
.

Ex.  If k=2, at least 1
1

2

3

4
75

2
- = or %

@ Least 75% of the data lie within 2 standard deviations of the mean.

@ Least 88.9% of the data lie within 3standard deviations of the mean.

@Least 93.8% of the data lie within 4 standard deviations of the mean.

VII. Standard Deviation for Grouped Data

Sample standard deviation, s
x x f

n
=

-

-

å( )2

1
n f= å , x

xf

n
=

å

*When a frequency distribution has classes, one can estimate the

15

MATH 221 S. Nunamaker



sample mean and sample standard deviation by using the midpoint

of each class. (use the midpoint as x)

VIII. Coefficient of Variation (CV)

A.  CV = ´
S dardDeviation

Mean

tan
%100

B.  CV describes the standard deviation as a percent of the mean.

C.  CV is unitless.

D.  CV allows one to compare data with different units.
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Measures of  Position

I. Fractiles

A.  Numbers that divide an ordered data set into equal parts.

B.  Example: median is  a fractile

II. Quartiles

A. Q1, Q2, Q3 approximately divide an ordered data set into four

equal parts.

1. About one quarter of data falls on or below  first quartile, Q1.

2.  About one half of  data falls on or below second quartile, Q2.

3.  About thre quarters of data falls on or below third quartile, Q3

*Q2 is also known as the median.

III. Interquartile Range (IQR)

IQR = -Q Q3 1

IV.  Box-and-Whisker Plot

An exploratory data analysis tool that highlights five important

features, five-number summary: Q1, Q2, Q3, minimum, maximum.

V.   Percentiles & Other Fractiles

A.  Percentiles: divide a data set into one hundred equal parts.

B. Deciles: divide a data set into ten equal parts.
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C.  Example:  Joe’s height is at the 85th percentile of boys of his

age group, that means his height is greater than 85% of all

boys in his age group.
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