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Topic 3:

Displaying and Describing Distributions

Overview

In the first topic you discovered the notion of the distribution of a set of data.  You saw a dotplot used to make a visual display of the distribution.  In this topic you will discover some general guidelines to follow when describing the key features of a distribution and also encounter two new types of visual displays for quantitative data:  stemplots and histograms.
Objectives

· To develop a checklist of important features to look for when describing a distribution of data.
· To anticipate features of data by thinking about the nature of the variable involved.
· To discover how to construct stemplots as simple but effective displays of a distribution of data.
· To learn how to interpret the information presented in histograms.
· To produce visual displays of distributions by hand and with a calculator.
· To become comfortable and proficient with describing features of a distribution verbally.
Activity 3-1:  Features of Distributions
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Presented below are dotplots of distributions of (hypothetical exam scores for twelve different classes.  The question following them will lead you to compile a “checklist” of important features to consider when describing distributions of data.

(a) What strikes you as the most distinctive difference among the distributions of exam scores in classes A, B, and C?
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(b) What strikes you as the most distinctive difference among the distributions of exam scores in classes D, E, and F?
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(c) What strikes you as the most distinctive difference among the distributions of scores in classes G, H, or I?

(d) What strikes you as the most distinctive feature of the distribution of scores in class J?
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(e) What strikes you as the most distinctive feature of the distribution of scores in class K?

[image: image6.png]Exams

00|

20000

0000000000

©00C00E00000B0000000)]

2000600000GOC000003000000|

©08088000000000000)]

©00600000000)

00000

00

T
100

R3]

r8

70

Bxam

&

H3

sse|n




(f) What strikes you as the most distinctive feature of the distribution of scores in class L?

These hypothetical exam scores illustrate six features that are often of interest when analyzing a distribution of data:

1. The center of a distribution is usually the most important aspect to notice and describe.

2. A distribution’s variability is a second important feature.

3. The shape of a distribution can reveal much information.  While distributions come in a limitless variety of shapes, certain shapes arise often enough to have their own names.  A distribution is symmetric if one half is roughly a mirror image of the other, as pictured below:
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A distribution is skewed to the right if it tails off toward larger values:
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and skewed to the left if its tail extends to smaller values:
[image: image15.png]



4. A distribution may have peaks or clusters that indicate that the data fall into natural subgroups.

5. Outliers, observations that differ markedly from the pattern established by the vast majority, often arise and warrant close examination.

6. A distribution may display granularity if its values occur only at fixed intervals (such as multiples of 5 or 10).

Please keep in mind that although we have formed a checklist of important features of distributions, you should not regard these as definitive rules to be applied rigidly to every data set that you consider.  Rather, this list should only serve to remind you of some of the features that are typically of interest.  Every data set is unique and has its own interesting features, some of which may not be covered by the items listed on our checklist.

Activity 3-4:  British Rulers’ Reigns

The table below records the lengths of reign (rounded to the nearest year) for the rulers of England and Great Britain beginning with William the Conqueror in 1066.
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One can create a visual display of the distribution called a stemplot by separating each observation into two pieces:  a “stem” and a “leaf.”  When the data consist primarily of two-digit numbers, the natural choice is to make the tens digit the stem and the ones digit the leaf.  For example, a reign of 21 years would have 2 as a stem and 1 as the leaf; a reign of 2 years would have 0 as the stem and 2 as the leaf.
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Fill in the stemplot below by putting each leaf on the row with the corresponding stem.  The leaves must be ordered from smallest to largest.  The easiest way to do this is to enter the data into a list on your calculator and then order the list in ascending order.  

(Note:  the stemplot has a title!! ALL graphs you create should have a title!!)
The stemplot is a simple but useful visual display.  Its principal virtues are that it is easy to construct by hand (for relatively small sets of data) and that it retains the actual values of the observations.  Of particular convenience is the fact that the stemplot also sorts the values from smallest to largest.

(b) Write a short paragraph describing the distribution of lengths of reign of British rulers.  (Keep in mind the checklist features we created above.  Also please remember to relate your comments to the context.)

Activity 3-7:  Features of Distributions (cont.)

The following histograms display the distributions of years served by U.S. senators, percentage of residents living in urban areas for the fifty states, and prices of introductory statistics textbooks, respectively.  Comment on how the shapes of these distributions look.  Identify which is roughly symmetric, which is skewed to the left, and which is skewed to the right.
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Activity 3-11:  Parents’ Ages
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The following data are the ages at which a sample of 35 American mothers first gave birth:

(a) If you were to create a stemplot of these, how many stems would there be?

(b) In order to create more stems, create a split stemplot in which each stem is listed twice, with leaves of 0-4 appearing on the top stem and leaves of 5-9 on the bottom stem. Complete the split stemplot below using the stems are drawn below to get you started.
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            Mothers’ Ages

Activity 3-9:  Hypothetical Manufacturing Processes

Suppose that a manufacturing process strives to make steel rods with a diameter of 12 centimeters, but the actual diameters vary slightly from rod to rod.  Suppose further that rods with diameters within 
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 centimeters of the target value are considered to be within specifications (i.e., acceptable).  Suppose that 50 rods are collected for inspection from each of the four processes and that the dotplots of their diameters are as follows:
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· Which process is the best as is?

· Which process is the most stable, i.e., has the least variability in rod diameters?

· Which process is the least stable?

· Which process produces rods whose diameters are generally farthest from the target value?

The histogram is a visual display similar to a stemplot but one that can be produced even with very large data sets; it also permits more flexibility than does the stemplot.  One constructs a histogram by dividing the range of data into subintervals of equal length, counting the number (also called the frequency) of observations in each subinterval, and constructing rectangles whose heights correspond to the counts in each subinterval.  Equivalently, one could make the rectangle heights correspond to the proportions (also called the relative frequency) of observations in the subintervals.  

Activity 3-5:  Geyser Eruptions
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The following histogram displays the distribution of times between eruptions (in minutes) for the Old Faithful geyser in Wyoming in August 1985.  Notice that the horizontal axis is a numerical scale (as opposed to a list of categories in a bar graph).  Notice that the statistical software reports the midpoint of each subinterval.  For example, the first rectangle indicates that there was one inter-eruption time that lasted between 37 and 43 minutes (including the 37 but not the 43).

(a) How many of the inter-eruption times lasted between 43 minutes and 49 minutes?

(b) How many of the inter-eruption times lasted more than 61 minutes?  What proportion of the inter-eruption times were more than 61 minutes?

(c) Can you determine exactly how many inter-eruption times lasted more than 90 minutes?  Explain.

Activity 3-17:  Turnpike Distances
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The Pennsylvania Turnpike extends from Ohio in the west to New Jersey in the east.  The distance (in miles) between its exits as one travels west to east are listed below:

: 

(a) In preparation for constructing a histogram to display this distribution of distance, count how many values fall into each of the subintervals listed in the table below
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(b) Construct (by hand) a histogram of this distribution, clearly labeling both axes. 

(c) If a person has to drive between consecutive exits and has only enough gasoline to drive 20 miles, is she very likely to make it?  Assume that you do not know which exits she is driving between, and explain your answer.

WRAP-UP

With this topic you have progressed in your study of distributions of data in many ways.  You have created a checklist of various features to consider when describing a distribution verbally:  center, spread, shape, clusters/peaks, outliers, granularity.  You have encountered three shapes that distributions follow:  symmetry, skewness to the left, and skewness to the right.  (Remember that the direction of skewness describes the longer tail of the distribution.)  You have also discovered two new techniques for displaying a distribution of quantitative data:  stemplots and histograms.


Even though we have made progress by forming our checklist of features, we have still been somewhat vague to this point about describing distributions.  The next two topics will remedy this ambiguity somewhat by introducing you to specific numerical measures of certain features (namely, center and spread) of a distribution.  They will also lead you to studying yet another visual display:  the boxplot.
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