1.2 Describing Distributions with Numbers 

Key Words in Section 1.2

· Measuring center: 
Mean and Median 
· Measuring spread: 

      Quartile, Standard Deviation and Variance
Although graphs give an overall sense of the data, numerical summaries of features of the data make more precise the notions of center and spread.

[image: image26.jpg]x = 1439

X = 1600

deviation = 161 deviation = 192

x = 1792

|
|
®

I
1300

T
1400

T T T
1500 1600 1700
Metabolic rate

T
1800

1
1900




Measuring center 

Two important measures of center are the mean and the median.

The mean 
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One measure of center is the mean or average. The mean is defined as follows, suppose we have a list of numbers denoted,
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. That is, there are n numbers in our list. The mean or average x-bar (
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) of our data is defined by adding up all the numbers and dividing by the total of numbers. In symbols this is, 
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where 
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 means the ith data value and ( means “add up all these numbers.”  .  

Please look at Example 1.14 in page 32 in our textbook.

The median M  
The median M is the midpoint of a distribution, the number such that half the observations are smaller and the other half are larger.
How to find the median.

1. Order observations from smallest to largest. 

2. If n is odd, the median is the value of the center observaton. Location is at (n+1) / 2 in the list. 

3. If n is even, the median is defined to be the average of the two center observations in the ordered list. 
Please look at Example 1.15 in page 33 in our textbook.

Measuring Spread

Measures Based on the Quartiles  
Before we define quartiles, let’s think about percentiles in general. Examples of percentiles like the 95th percentile for height mean that if I am at the 95th percentile for height (I am roughly), it means that 95 percent of the population has a height less than mine. So we can now define some special percentiles: 

· The first quartile Q1 is the 25th percentile, 25 percent of the observations in a list are smaller than Q1. 

· The second quartile, Q2 is the 50th percentile, or the median. About half the data are less than this value Q2. 

· The third quartile, Q3 is the 75th percentile, about 75 percent of the observations are below this value Q3. 

Notice that these three quartiles cut the data set into four parts, hence the name quartiles: 1) the part between the minimum and Q1 (25%), 2) the part between Q1 and Q2 (25%), 3) the part between  Q2 and Q3 (25%), and 4) the part between Q3 and the maximum (25%). 

How to find the quartiles.

1. Arrange the observations in increasing order and locate the median M in the ordered list of observations. 
2. The first quartile Q1 is the median of the observations whose position in the ordered list is to the left of the location of the overall median. 
3. The third quartile Q3 is the median of the observations whose position in the ordered list is to the right of the location of the overall median. 
Find the location of any percentile using the formula


[image: image9.wmf](

)

100

1

P

n

L

p

+

=


where 
[image: image10.wmf]p

L

 is the location of the p-th percentile. 

We look at Example 1.16 in page 35 of our textbook.

The Five-Number Summary  
The five-number summary, which reports the largest and smallest values of the data, the quartiles and median, provides a compact description of the data. In symbols, the five-number summary is 

Minimum, Q1, Median, Q3, Maximum.
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Figure1.17 Boxplots of highway and city gas mileages for cars classified as two-seaters and minicompacts
Boxplot 
A boxplot is a graph of the five-number summary.

· A central box spans the quartiles Q1 and Q3.

· A line in the box marks the median M.

· Lines extend from the box out to the smallest and largest observations. 

A measure of spread based on these quartiles is the Interquartile range IQR =Q3 - Q1, the distance between the quartiles. The IQR gives the spread in data values covered by the middle half of the data. 

The quartiles in IQR give a good measure of spread because they are not sensitive to a few extreme observations in the tails. Thus, when a dataset has outliers or skewness the IQR is an appropriate summary measure. 

A common rule of thumb for detecting outliers is that 1.5 times IQR should contain most of the data. Values in the dataset that are either bigger than 1.5* IQR+Q3 or values less than Q1 - 1.5* IQR are often flagged for further consideration as potential outliers. 

Standard Deviation

A measure of spread about the mean is the standard deviation. It measures how far a typical observation is from the mean. It is sensitive to extreme values, and should be used in the same distributional situations as the mean. The standard deviation of a list of numbers 
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This can also be written as,
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The deviations 
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measure the distance of observation 
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, the average. When we divide by n-1 inside the square root, we are essentially finding a type of average squared deviation. 
S is large when the observations are widely spread about the mean, and S is small when the data are closely clustered about the mean. 
The value S goes between zero and infinity. A value like S=0 would mean all the values in the dataset had the same value, and thus no spread at all in their values. 
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Figure 1.19 Metabolic rates for seven men, with the mean (*) and the deviations of two observations from the mean.

S is very sensitive to outliers because an outlier deviation 
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 gets squared for an even more inflated distance from the mean. 
Note
The five-number summary is usually better than the mean and standard deviation for describing a skewed distribution or a distribution with strong outliers.

The standard deviation is not always a good measure of spread, but it is useful when things have nearly normal/bell-shaped distributions. 

The Descriptive Statistics window in Excel from Dr. Chris bilder’s website
Since one often wants to calculate the mean, median, mode, variance, and standard deviation, Excel provides a way to calculate them all at the same time.  This can be done by using the Descriptive Analysis tool.  To use this window, select TOOLS > DATA ANALYSIS > DESCRIPTIVE STATISTICS from the main Excel menu bar.  From this window, the input range (range of data) can be entered and the type of output can be specified (summary statistics).  Below is the window used to calculate the “summary statistics” for the population data.
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Below is the Excel output of Barry Bonds’ Home Run produced:

	  HR

	
	

	Mean
	35.29411765

	Standard Error
	3.204735359

	Median
	34

	Mode
	33

	Standard Deviation
	13.21346239

	Sample Variance
	174.5955882

	Kurtosis
	3.274482403

	Skewness
	1.309617215

	Range
	57

	Minimum
	16

	Maximum
	73

	Sum
	600

	Count
	17

	Largest(1)
	73

	Smallest(1)
	16


The RANK AND PERCENTILE analysis tool available from TOOLS > DATA ANALYSIS.  

This ranks the observations (puts in sorted order) and gives the percentiles for observations in the data set. 

Below is the Excel output of Barry Bonds’ Home Run produced:

	Point
	  HR
	Rank
	Percent

	16
	73
	1
	100.00%

	15
	49
	2
	93.70%

	8
	46
	3
	87.50%

	11
	42
	4
	81.20%

	12
	40
	5
	75.00%

	9
	37
	6
	62.50%

	13
	37
	6
	62.50%

	7
	34
	8
	50.00%

	14
	34
	8
	50.00%

	5
	33
	10
	31.20%

	10
	33
	10
	31.20%

	17
	33
	10
	31.20%

	2
	25
	13
	18.70%

	6
	25
	13
	18.70%

	3
	24
	15
	12.50%

	4
	19
	16
	6.20%

	1
	16
	17
	.00%
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Fuel economy (miles per gallon) for model year 2004 vehicles

Two-seater cars Minicompact cars

Model City Highway Model City Highway
Acura NSX 17 24 Aston Martin Vanquish 12 19
Audi TT Roadster 20 28 Audi TT Coupe 21 28
BMW Z4 Roadster 20 28 BMW 325CI 19 27
Cadillac XLR 17 25 BMW 330CI 19 28
Chevrolet Corvette 18 25 BMW M3 16 23
Dodge Viper 12 20 Jaguar XK8 18 26
Ferrari 360 Modena 11 16 Jaguar XKR 16 23
Ferrari Maranello 10 16 Lexus SC 430 18 23
Ford Thunderbird 17 23 Mini Cooper 25 32
Honda Insight 60 66 Mitsubishi Eclipse 23 31
Lamborgini Gallardo ] 15 Mitsubishi Spyder 20 28
Lamborgini Murcielago 9 13 Porsche Cabriolet 18 26
Lotus Esprit 15 22 Porsche Turbo 911 14 22
Maserati Spyder 12 17

Mazda Miata 22 28

Mercedes-Benz SL500 16 23

Mercedes-Benz SL600 13 19

Nissan 350Z 20 26

Porsche Boxster 20 29

Porsche Carrera 911 15 23

Toyota MR2 26 32

Table 1-10
Introduction to the Practice of Statistics, Fifth Edition
© 2005 W. H.Freeman and Company
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