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Topic 4:

Measures of Center
Overview
You have been exploring distributions of data, representing them graphically and describing their key features verbally.  It is often handy to have a single numerical measure to summarize a certain aspect of a distribution.  In this topic you will encounter some of the more common measures of the center of a distribution, investigate their properties, apply them to some genuine data, and express some of their limitations.

Objectives

· To learn to calculate the mean and median, and for summarizing the center of a distribution of data.

· To investigate and discover properties of these summary statistics.

· To explore the property of resistance as it applies to these statistics.

· To develop an awareness of situations in which certain measures are and are not appropriate.

· To recognize that these numerical measures do not summarize a distribution completely.

· To acquire the ability to expose faulty conclusions based on misunderstandings of these measures.
Activity 4-1:  Supreme Court Service

The table below lists the justices of the Supreme Court of the United States of October 1999.  Also listed is the year of appointment and the tenure (years of service as of 1999) for each.
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(a) Create a dotplot of the distribution of these years of service.

[image: image2.png]| | ] I | | | | | | | | i | i i i | | [
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 22 25 28 27
Label:




We will consider three commonly used measures of the center of a distribution:

· The mean is the ordinary arithmetic average, found by adding up the values of the observations.  The mean can be thought of as the balance point of the distribution.

· The median is the middle observation (once arranged in order).

· The mode is the most common value, i.e., the one that occurs most frequently. (It is used to describe a typical categorical variable)
(b) Calculate the mean of these years of service.  Mark this value on the scale of the dotplot above with an “x”.

(c) How many of the nine justices have served more than the mean number of years?  How many have served less than the mean number of years?

(d) Calculate the median of these years of service.  Mark this value on the scale of the dotplot above with an “o”.

(e) How many of the nine justices have served more than the median number of years?  How many have served less than the median number of years?
Activity 4-2:  Properties of Averages

More important than the ability to calculate these values is understanding their properties and interpreting them correctly.

       Now consider a dotplot of U.S. senators’ years of service:
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(a) Based on the shape of the distribution, do you expect the mean and median of this distribution to be closer together, do you expect the mean to be noticeably higher than the median, or do you expect the mean to be noticeably lower than the median?

(b) Answer question (a) with respect to the distribution of states’ percentages of urban residents, displayed below:

[image: image4.png]0

o 00 000 o %
. © © gomo o ® 0603 00 o 0900 Go@Om o '
30 50 60 70 80 0 100

Urban




(c) Answer question (a) with  respect to the distribution of textbook prices, displayed below:
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These data should have revealed that the mean is close to the median with symmetric distributions, while the mean is greater than the median with skewed right distributions and the mean is less than the median with skewed left distributions.  In other words, when one tail of the distribution is longer, the mean follows the tail.

(d) Does it make sense to talk about mean gender or the median party of the senators?  How about the mode gender or the mode party?  Explain.

One can only calculate the mean with quantitative variables.  The median can be found with quantitative variables and with categorical variables for which a clear ordering exists among the categories.  

Activity 4-3:  Rowers’ Weights

Consider the data on weights of 26 rowers on the 1996 U.S. Olympic men’s rowing team.
(a) Below is the dotplot for the weights of rowers.
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(b)  If you were told only the mean and median weights, but you were not given the individual weights or shown a visual display of the weights, would you have a complete understanding of the distribution of rowers’ weights?  Explain.

(c) In what direction do you expect the mean and median to change if the coxswain is removed from the analysis?  Explain briefly. Calculate both the new mean and median.
(d) Which measure (mean or median) do you expect to change more if all of the lightweight rowers are removed from the analysis?  Explain briefly.

A measure whose value is relatively unaffected by the presence of outliers in a distribution is said to be resistant.

(e) Based on questions b to d, would you say that the mean or the median is resistant?  Explain why this makes sense, basing your argument on the definition of each.

Activity 4-4:  Readability of Cancer Pamphlets

Researchers in Philadelphia investigated whether pamphlets containing information for cancer patients are written at a level that the cancer patients can comprehend. They applied tests to measure the reading levels of 63 cancer patients and also the readability levels of 30 cancer pamphlets (based on such factors as the lengths of sentence and number of polysyllabic words).  These numbers correspond to grade levels, but patient reading levels under grade 3 and above grade 12 are not determined exactly.

The following tables indicate the number of patients at each reading level and the number of pamphlets at each readability level.  
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The dotplots reveal the distributions on the same scale (with “below 3” appearing at level 2 and “above 12” at level 13 for convenience).
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(a) Explain why the data does not allow one to calculate the mean reading skill level of a patient.

(b) Determine the median reading level of a patient.  (Be sure to consider the counts.)

(c) Determine the median readability level of a pamphlet.

(d) How do these medians compare?  Are they fairly close?

(e) Does the closeness of these medians indicate that the pamphlets are well matched to the patients’ reading levels?  Compare the dotplots above to guide your thinking.

(f) What proportion of the patients do not have the reading skill level necessary to read even the simplest pamphlet in the study? (Examine the dotplots above to address this question.)

This activity illustrates that while measures of center are often important, they do not summarize all aspects of a distribution.

Activity 4-12:  Creating Examples

For each of the following properties, try to construct a data set of ten hypothetical exam scores that satisfies the property.  Assume that the exam scores are integers between 0 and 100, inclusive.

(a) 90% of the scores are greater than the mean

(b) the mean is greater than twice the mode

(c) the mean is less than two-thirds the median

(d) the mean equals the median but the mode is greater than twice the mean

(e) the mean does not equal the median and none of the scores are between the mean and the median.

Activity 4-13:  Incorrect Conclusions

For each of the following arguments, explain why the conclusion drawn is not valid.  Also include a simple hypothetical example that illustrates that the conclusion drawn need not follow from the information.

(a) A real estate agent noted that the mean housing price for an area is $125,780 and concludes that half of the houses in the area cost more than that.

(b) A businesswoman calculates that the median cost of the five business trips that she took in a month is $600 and concludes that the total cost must have been $3000.  

Activity 4-14:  Properties of Averages (cont.)

Suppose that an instructor is teaching two sections of a course and that she calculates the mean exam score to be 60 for section 1 and 90 for section 2.

(a) Do you have enough information to determine the mean exam score for the two sections combined?  Explain.

(b) What can you say with certainty about the value of the overall mean for the two sections combined?

WRAP-UP

You have explored in this topic how to calculate a number of measures of the center of a distribution.  You have discovered many properties of the mean, median, and mode (such as the important concept of resistance) and discovered that these statistics can produce very different values with certain data sets.  Most importantly, you have learned that these statistics measure only one aspect of a distribution and that you must combine these numerical measures with what you already know about displaying distributions visually and describing them verbally.

In the next topic you will discover similar measures of another aspect of a distribution of data:  its variability.


