Ch5 Summarizing Data Numerically

Chapter 5. Summarizing Data Numerically
5.2 Measuring Center
5.2.1 Mean
Mean : the sum of the observation values divided by the number of observations, n.

Example. There are the 5 ages of the subjects in the sample. 
 What is the mean age of the 5 subjects?     
7, 18, 35, 10, 20
Notation
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 : a sample of n observations
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 : mean of the sample (x-bar)
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 : summation : the basic mean is “add them all up”
[image: image7.png]



Example. Suppose that the number of children in a simple random sample of 10 households is as follows, 
2, 3, 0, 2, 1, 0, 3, 0, 1, 4

Calculate the sample mean number of children per household.
· The mean is sensitive to extreme values and will tend to move in the direction of the extreme values. 
Example.

5.2.2 Median
Median : a value such that at least half of the observations are less than or equal to that value and at least half the observations are greater than or equal to that value.
Basic Steps for a Median
1. Arrange the observations in order from smallest to largest 
2. Choose the middle observation
(1) When the number of observations is odd
Just choose the middle observation.
(2) When the number of observations is even
Choose two middle observations and calculate the mean of two middle observations.
Example. Find the median of the 5 numbers : 4, 7, 3, 9, 5
Example. Find the median of the 6 numbers : 1, 6, 3, 8, 15, 9
The Method to find the location of the median
n = the number of observations
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(a) When the number of observations is odd
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 is the location of the median
(b) When the number of observations is even
Use two observations around [image: image13.png]ntl



 to know the location of the median.
Example.
5.2.3 Another Measure – The Mode
Mode 
(a) the most frequently occurring value; the value having the highest frequency among the observations.

(b) The mode is not often used as measure of center for quantitative data since the most frequent value may be far from the center of the distribution. 
(c) It is the one measure that can be computed for qualitative data. 
Example. There are 10 values. 0, 0, 0, 0, 1, 1, 2, 2, 2, 3. Find the mode.
Example. There are 10 values. 0, 0, 1, 1, 1, 2, 3, 3, 3, 4. Find the mode.
5.2.4 Which Measure of Center to Use?
(a) Mean : The mean uses the actual numerical values for all of the observations. 
(b) Median : The median uses the order information in the data.
(c) Mode : The mode is not used often.
Example. There is a data set. It consists of 10 data.

1, 3, 3, 3, 5, 6, 8, 9, 9, 23

  Calculate the mean, median and the mode of that data set.  
5.3 Measuring Variation or Spread
Measures of center are useful, but often give an incomplete interpretation of the data. 
Example. Consider the following two lists of numbers and their corresponding frequency plots.
List 1 : 8, 9, 10, 10, 10, 11, 12            mean = median = mode = 10
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List 1 : 4, 7, 10, 10, 10, 13, 16            mean = median = mode = 10
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5.3.1 Range
Range
(a) The simplest measure of variation
(b) The difference between the largest value and the smallest value
Example. the weather reports
Example. They are the ages of 5 people. Find the range.
15, 21, 84, 34, 50     
5.3.2 Interquartile Range
Interquartile Range (IRQ)
(a) It still has the idea of a range.
(b) Use Q1, Q3 instead of the minimum value and maximum value. 
(c) Q1 = First Quartile = the median of the observations that fall below the median
(d) Q2 = Second Quartile = the median of all observations
(e) Q3 = Third Quartile = the median of the observations that fall above the median
(f) IQR = Q3 – Q1
Example. They are the ages of 10 subjects in a medical study. The ages are listed in increasing order.


15, 20, 21, 29, 30, 40, 43, 48, 50, 55
(a) Calculate the median age.
(b) Calculate the first Quartile Q1 for this age data.
(c) Calculate the third Quartile Q3 for this age data.
(d) Calculate the range for this age data.
(e) Calculate the interquartile range for this age data.
Example. They are the ages of 20 subjects.


32, 37, 39, 40, 41, 41, 41, 42, 42, 43,


44, 45, 45, 45, 46, 47, 47, 49, 50, 51
(a) Calculate the median age.
(b) Calculate the first Quartile Q1 for this age data.
(c) Calculate the third Quartile Q3 for this age data.
(d) Calculate the range for this age data.
(e) Calculate the interquartile range for this age data.
· When the number of observations is odd, the middle observation is the median. This observation is not included in either of the two halves when computing Q1 and Q3.
Example. They are the ages of 9 subjects.


15, 20, 30, 32, 33, 40, 42, 48, 50
(a) Calculate the median age.
(b) Calculate the range for this age data.
(c) Calculate the IQR for this age data.
p-th percentile : the value such that p% of the observations fall at or below that value and (100-p)% of the observations fall at or above that value. 
(a) Q1 : the value such that 25% of the observations fall at or below that value (and 75% fall at or above it.) = 25th percentile
(b) Q2 (median) : the values such that 50% of the observations fall at or below that value (and 75% fall at or above it.) = 50th percentile
(c) Q3 : the value such that 75% of the observations fall at or below that value (and 25% fall at or above it.) = 75th percentile
5.3.3 Five-Number Summary
Five-number summary 
(a) It uses the median, IQR, and the range. 
(b) It consists of Q1, Q2, Q3, minimum, and maximum. 
(c) The graph which describes the five-number summary is called a boxplot.
(d) A good summary of the entire set of values
To Build a Basic Boxplot
1. List the data values in order from smallest to largest.
2. Find the five-number summary : minimum, Q1, median, Q3, and maximum.
3. Locate the values for Q1, the median, and Q3 on the scale. These values determine the “box” part of the boxplot. The quartiles determine the ends of the box, and a line is drawn inside the box to mark the value of the median. 
4. Draw lines from the midpoints of the ends of the box out to the minimum and the maximum values. 

              Minimum     Q1     Median     Q3     Maximum
	
	
	
	

	
	
	
	


Example. There is a data set. The number of data is 10. 



4, 10, 2, 6, 11, 3, 11, 9, 8, 5
(a) List the data values in increasing order.
(b) Calculate the minimum and the maximum.
(c) Calculate the median.
(d) Calculate Q1 and Q3.
(e) Draw a boxplot with 5-number summary.
5.3.4 Standard Deviation
Standard Deviation

(a) The most common measure of spread with the mean as the measure of center.

(b) It uses the actual numerical values for all of the observations like the mean.
(c) the average distance of the observations from the mean. 
How to Calculate the Standard Deviation
1. Calculate the mean.

2. Calculate deviations from the mean.

3. Calculate squared deviations and sum all squared deviations.
4. Divide the above value by N or n-1.

5. The value from 5 is the Variance.

6. Standard Deviation = [image: image15.png]



Example. The data below represent the number of children in 3 families.
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(a) Calculate the sample mean number of children per family.
(b) Use the following table to compute the deviations of the observations from the sample mean and the squared deviations. 

	Observation
	Deviation
	Squared Deviation
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	5
	
	

	7
	
	


(c) Calculate the sample variance and the sample standard deviation by using the above table.
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: add them all up
Sample variance 
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Sample standard deviation
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Population variance
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Population standard deviation
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