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2.2.1: Histograms Part 1

For most of the work you do in this book, you will use a histogram to display the data. One advantage of a histogram is that it can
readily display large data sets. A rule of thumb is to use a histogram when the data set consists of 100 values or more.

A histogram consists of contiguous (adjoining) boxes. It has both a horizontal axis and a vertical axis. The horizontal axis is labeled
with what the data represents (for instance, distance from your home to school). The vertical axis is labeled either frequency or
relative frequency (or percent frequency or probability). The graph will have the same shape with either label. The histogram (like
the stemplot) can give you the shape of the data, the center, and the spread of the data.

The relative frequency is equal to the frequency for an observed value of the data divided by the total number of data values in the
sample.(Remember, frequency is defined as the number of times an answer occurs.) If:

o fis frequency
¢ n is total number of data values (or the sum of the individual frequencies), and
e REF isrelative frequency,

then:

rr-L (2.2.1.1)

n
For example, if three students in Mr. Ahab's English class of 40 students received from 90% to 100%, then, f = 3, n = 40, and RF =
fn =340 = 0.075. 7.5% of the students received 90—100%. 90-100% are quantitative measures.

To construct a histogram, first decide how many bars or intervals, also called classes, represent the data. Many histograms consist
of five to 15 bars or classes for clarity. The number of bars needs to be chosen. Choose a starting point for the first interval to be
less than the smallest data value. A convenient starting point is a lower value carried out to one more decimal place than the value
with the most decimal places. For example, if the value with the most decimal places is 6.1 and this is the smallest value, a
convenient starting point is 6.05(6.1-0.05 = 6.05) We say that 6.05 has more precision. If the value with the most decimal places
is 2.23 and the lowest value is 1.5, a convenient starting point is 1.495(1.5—0.005 = 1.495)If the value with the most decimal
places is 3.234 and the lowest value is 1.0, a convenient starting point is 0.9995(1.0—0.0005 = 0.9995)If all the data happen to
be integers and the smallest value is two, then a convenient starting point is 1.5(2 —0.5 = 1.5). Also, when the starting point and
other boundaries are carried to one additional decimal place, no data value will fall on a boundary. The next two examples go into
detail about how to construct a histogram using continuous data and how to create a histogram using discrete data.

v/ Example 2.2.1.1

The following data are the heights (in inches to the nearest half inch) of 100 male semiprofessional soccer players. The heights
are continuous data, since height is measured.

60; 60.5; 61; 61; 61.5
63.5; 63.5; 63.5
64; 64; 64; 64; 64; 64; 64; 64.5; 64.5; 64.5; 64.5; 64.5; 64.5; 64.5; 64.5

66; 66; 66; 66; 66; 66; 66; 66; 66; 66; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 66.5; 67; 67; 67; 67; 67; 67; 67,
67; 67; 67; 67; 67; 67.5; 67.5; 67.5; 67.5; 67.5; 67.5; 67.5

68; 68; 69; 69; 69; 69; 69; 69; 69; 69; 69; 69; 69.5; 69.5; 69.5; 69.5; 69.5
70; 70; 70; 70; 70; 70; 70.5; 70.5; 70.5; 71; 71; 71

72;72;72; 72.5; 72.5; 73; 73.5

74

The smallest data value is 60. Since the data with the most decimal places has one decimal (for instance, 61.5), we want our
starting point to have two decimal places. Since the numbers 0.5, 0.05, 0.005, etc. are convenient numbers, use 0.05 and
subtract it from 60, the smallest value, for the convenient starting point.

60 — 0.05 = 59.95 which is more precise than, say, 61.5 by one decimal place. The starting point is, then, 59.95.
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The largest value is 74, so 74 + 0.05 = 74.05 is the ending value.

Next, calculate the width of each bar or class interval. To calculate this width, subtract the starting point from the ending value
and divide by the number of bars (you must choose the number of bars you desire). Suppose you choose eight bars.

74.05 —59.95

- —1.76 (2.2.1.2)

We will round up to two and make each bar or class interval two units wide. Rounding up to two is one way to prevent a value from
falling on a boundary. Rounding to the next number is often necessary even if it goes against the standard rules of rounding. For
this example, using 1.76 as the width would also work. A guideline that is followed by some for the width of a bar or class interval
is to take the square root of the number of data values and then round to the nearest whole number, if necessary. For example, if
there are 150 values of data, take the square root of 150 and round to 12 bars or intervals.

The boundaries are:

e 59.95

e 59.95+2=61.95
e 61.95+2=63.95
e 63.95+ 2 =65.95
e 65.95+2=67.95
e 67.95+2=69.95
e 69.95+2=7195
e 7195+2=73.95
e 73.95+2=7595

The heights 60 through 61.5 inches are in the interval 59.95-61.95. The heights that are 63.5 are in the interval 61.95-63.95. The
heights that are 64 through 64.5 are in the interval 63.95-65.95. The heights 66 through 67.5 are in the interval 65.95-67.95. The
heights 68 through 69.5 are in the interval 67.95-69.95. The heights 70 through 71 are in the interval 69.95-71.95. The heights 72
through 73.5 are in the interval 71.95-73.95. The height 74 is in the interval 73.95-75.95.

The following histogram displays the heights on the x-axis and relative frequency on the y-axis.
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Figure 2.2.1.1 : Histogram of something

? Exercise 2.2.1.1

The following data are the shoe sizes of 50 male students. The sizes are discrete data since shoe size is measured in whole and
half units only. Construct a histogram and calculate the width of each bar or class interval. Suppose you choose six bars.

9;9; 9.5; 9.5; 10; 10; 10; 10; 10; 10; 10.5; 10.5; 10.5; 10.5; 10.5; 10.5; 10.5; 10.5
11; 11; 11; 11; 11; 11; 11; 11; 11; 11; 11; 11; 11; 11.5; 11.5; 11.5; 11.5; 11.5; 11.5; 11.5
12;12;12; 12; 12; 12; 12; 12.5; 12.5; 12.5; 12.5; 14

Answer

Smallest value: 9
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Largest value: 14
Convenient starting value: 9 — 0.05 = 8.95

Convenient ending value: 14 + 0.05 = 14.05

14.05—8.
05-895 _ ac
6
The calculations suggests using 0.85 as the width of each bar or class interval. You can also use an interval with a width equal
to one.

v/ Example 2.2.1.2

The following data are the number of books bought by 50 part-time college students at ABC College. The number of books is
discrete data, since books are counted.

1;1;1;1;1;1;1; 1; 1; 1; 1

2;2;2;2;2;2;2;2;2;2

3;3;3;3;3;3;3;3;3;3;3;3;3; 3; 3; 3

4;4; 4;4; 4,4

5;5;5;5;5

6; 6

Eleven students buy one book. Ten students buy two books. Sixteen students buy three books. Six students buy four books.
Five students buy five books. Two students buy six books.

Because the data are integers, subtract 0.5 from 1, the smallest data value and add 0.5 to 6, the largest data value. Then the
starting point is 0.5 and the ending value is 6.5.

Next, calculate the width of each bar or class interval. If the data are discrete and there are not too many different values, a
width that places the data values in the middle of the bar or class interval is the most convenient. Since the data consist of the
numbers 1, 2, 3, 4, 5, 6, and the starting point is 0.5, a width of one places the 1 in the middle of the interval from 0.5 to 1.5,
the 2 in the middle of the interval from 1.5 to 2.5, the 3 in the middle of the interval from 2.5 to 3.5, the 4 in the middle of the
interval from to , the 5 in the middle of the interval from to , and the in the middle
of the interval from to

Answer

Calculate the number of bars as follows:

65-05  _
number of bars

where 1 is the width of a bar. Therefore, bars = 6.

The following histogram displays the number of books on the x-axis and the frequency on the y-axis.

l'jHistogram consists of 6 bars with the y-axis in increments of 2 from 0-16 and the x-axis in intervals of 1 from 0.5-6.5.

Figure 2.2.1.2.

Go to [link]. There are calculator instructions for entering data and for creating a customized histogram. Create the histogram
for Example.

o Press Y=. Press CLEAR to delete any equations.

e Press STAT 1:EDIT. If L1 has data in it, arrow up into the name L1, press CLEAR and then arrow down. If necessary, do
the same for L2.

e IntoL1,enterl, 2, 3,4,5,6.

e Into L2, enter 11, 10, 16, 6, 5, 2.

e Press WINDOW. Set Xmin = .5, Xscl = (6.5 —.5)/6, Ymin = -1, Ymax = 20, Yscl = 1, Xres = 1.

e Press 2" Y=, Start by pressing 4:Plotsoff ENTER.
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e Press 2" Y=. Press 1:Plotl. Press ENTER. Arrow down to TYPE. Arrow to the 3"picture (histogram). Press ENTER.
e Arrow down to Xlist: Enter L1 (2™ 1). Arrow down to Freq. Enter L2 (2" 2).

o Press GRAPH.

o Use the TRACE key and the arrow keys to examine the histogram.

? Exercise 2.2.1.2

The following data are the number of sports played by 50 student athletes. The number of sports is discrete data since sports
are counted.

1;1;1;1;1;1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1; 1

2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2;2; 2

3;3;3;3;3;3;3; 3

20 student athletes play one sport. 22 student athletes play two sports. Eight student athletes play three sports.

Fill in the blanks for the following sentence. Since the data consist of the numbers 1, 2, 3, and the starting point is 0.5, a width
of one places the 1 in the middle of the interval 0.5 to , the 2 in the middle of the interval from to , and the 3
in the middle of the interval from to
Answer

1.5

1.5t0 2.5

2.5t03.5

v/ Example 2.2.1.3

Using this data set, construct a histogram.

Number of Hours My Classmates Spent Playing Video Games on Weekends

9.95 10 2.25 16.75 0
19.5 22.5 7.5 15 12.75
5.5 11 10 20.75 17.5
23 21.9 24 23.75 18
20 15 22.9 18.8 20.5

Answer

[,jThis is a histogram that matches the supplied data. The x-axis consists of 5 bars in intervals of 5 from 0 to 25. The y-axis is marked in increments of 1 from 0 to 10. The x-axis shows the number of hours spent
playing video games on the weekends, and the y-axis shows the number of students.

Figure 2.2.1.3 .

Some values in this data set fall on boundaries for the class intervals. A value is counted in a class interval if it falls on the left
boundary, but not if it falls on the right boundary. Different researchers may set up histograms for the same data in different
ways. There is more than one correct way to set up a histogram.

? Exercise 2.2.1.3

The following data represent the number of employees at various restaurants in New York City. Using this data, create a
histogram.

22; 35; 15; 26; 40; 28; 18; 20; 25; 34; 39; 42; 24; 22; 19; 27; 22; 34; 40; 20; 38 and 28

Use 10-19 as the first interval.
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Count the money (bills and change) in your pocket or purse. Your instructor will record the amounts. As a class, construct a
histogram displaying the data. Discuss how many intervals you think is appropriate. You may want to experiment with the number
of intervals.

To create a histogram on the TI-83/84:
1. Go into the STAT menu, and then Chose 1: Edit

CALC TESTS

Ny

Figure 2.2.1.1 : STAT Menu on TI-83/84
2. Type your data values into L1.
3. Now click STAT PLOT 2™ Y =).

e e

L L1 LZ o
2iPlot2. Off

L L1 LZ o
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Figure 2.2.1.2 : STAT PLOT Menu on TI-83/84
4. Use 1:Plot1. Press ENTER.
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Figure 2.2.1.3 : Plotl Menu on TI-83/84

5. You will see a new window. The first thing you want to do is turn the plot on. At this point you should be on On, just press
ENTER. It will make On dark.

6. Now arrow down to Type: and arrow right to the graph that looks like a histogram (3rd one from the left in the top row).

7. Now arrow down to Xlist. Make sure this says L1. If it doesn’t, then put L1 there (2nd number 1). Freq: should be a 1.

Flotz  FPlot:
.
gpel [0 =
HH-- HIH |7

®%liztilq
Freg:l

Figure 2.2.1.4 : Plotl Menu on TI-83/84 Setup for Histogram
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8. Now you need to set up the correct window to graph on. Click on WINDOW. You need to set up the settings for the x variable.
Xmin should be your smallest data value. Xmax should just be a value sufficiently above your highest data value, but not too
high. Xscl is your class width that you calculated. Ymin should be 0 and Ymax should be above what you think the highest
frequency is going to be. You can always change this if you need to. Yscl is just how often you would like to see a tick mark on
the y-axis.

9. Now press GRAPH. You will see a histogram.

Review

A histogram is a graphic version of a frequency distribution. The graph consists of bars of equal width drawn adjacent to each
other. The horizontal scale represents classes of quantitative data values and the vertical scale represents frequencies. The heights
of the bars correspond to frequency values. Histograms are typically used for large, continuous, quantitative data sets. A frequency
polygon can also be used when graphing large data sets with data points that repeat. The data usually goes on y-axis with the
frequency being graphed on the x-axis. Time series graphs can be helpful when looking at large amounts of data for one variable
over a period of time.Glossary
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Frequency

the number of times a value of the data occurs

Histogram

a graphical representation in z —y form of the distribution of data in a data set; = represents the data and y represents the
frequency, or relative frequency. The graph consists of contiguous rectangles.

Relative Frequency

the ratio of the number of times a value of the data occurs in the set of all outcomes to the number of all outcomes
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e 6.4: Assessing Normality by Kathryn Kozak is licensed CC BY-SA 4.0. Original source: https://s3-us-west-
2.amazonaws.com/oerfiles/statsusingtech2.pdf.
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