Chapter 3 Answers to Problems (quantitative only)
3. Consider the following five observations: -8, 14, -2, 3, 5.

a. Calculate the mean

Solution: 
We are not told whether the observations comprise a population or a sample. It is probably safest to assume that they represent a sample. To find the mean, sum the values of the observations and divide by the number of observations.
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 = 12/5 = 2.4.

b. Find the median


Solution:

First, arrange the observations in ascending order of value:

-8 -2 3 5 14

Second, locate the rank of the median (n+1)/2 = 6/2 = 3

Third, find the value of the observation at rank 3 = 3.

c. Show that Properties 1, 2, and 3 hold for this set of numbers.
(1) Property 1 states that the sum of the deviations of each observation from the mean is zero.


Solution:

Find the deviation of each observation from the mean and then sum this value.
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	-8
	-10.4

	14
	11.6

	-2
	-4.4

	3
	0.6

	5
	2.6
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(2) Property 2 states that the sum of squared deviations of each observation from the mean is a minimum.
Solution:

List the observations, subtract the mean from each observation and then square the result. Sum the squared deviations.
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	-8
	-10.4
	108.16

	14
	11.6
	134.56

	-2
	-4.4
	19.36

	3
	0.6
	0.36

	5
	2.6
	6.76
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In the table above, 
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 Insert different values of M into the table and sum the squared deviations. You should not be able to find a value smaller than 269.2.
(3) Property 3 states that the sum of absolute deviations is minimized by the median.

Solution:

List the observations and find the absolute value of each observation minus the median. Sum the result.
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	-8
	11

	14
	11

	-2
	5

	3
	0

	5
	2
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In the table above, M = 3, the value of the median. Insert different values of M into the table and sum the absolute deviations. You should not be able to find a value smaller than 29.

4. Life expectancy at birth is shown for a sample of 61 countries in 1979.
(a) Calculate the following descriptive statistics for these data: mean, variance, skewness, and kurtosis.

Solution:

The sample mean is 
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The sample variance is 
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The sample skewness is 
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The sample kurtosis is 
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5. For the same sample data on life expectancy, determine the following:
(a) Range

Solution:

The range is the difference between the largest and smallest observation.

The largest observation is 78.6 and the smallest observation is 39.3. Thus, the range is 78.6-39.3 = 39.3.
(b) First (lower) quartile

Solution:

Rank the observations in ascending order. Find the rank of the lower quartile (n+2)/4 = 63/4 = 15.75. The 15th ranked observation has the value 57.9 and the 16th ranked observation has the value 58.0. The lower quartile is 75% of the distance between 57.9 and 58, that is 57.975.
(c) Third (upper) quartile
Solution:

The rank of the upper quartile is (3n+2)/4 = 185/4 = 46.25. The 46th ranked observation has the value 73.0 as does the 47th ranked observation, and thus the upper quartile is 73.0.

(d) Inter-quartile range

Solution:

The inter-quartile range is the difference between the value of the first and third quartiles.

The IQR is thus 73.0-57.975 = 15.025.

(e) The 60th percentile


Solution:

First find the rank of the 60th percentile as 
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, and then find the value corresponding to 0.2 or 20% of the distance between the observations ranked 37 and 38. This value is 70.6.

(f) The 10th percentile


Solution:

The rank of the 10th percentile is 
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The value corresponding to 20% of the distance between the observations ranked 6 and 7 is 45.6.

(g) The 90th percentile

Solution:

The rank of the 90th percentile is 90(n+1)/100 = 55.8. The value corresponding to 80% of the distance between the observations ranked 55 and 56 is 78.08.
6. The following data describe the distribution of annual household income in three regions of a country:

	Region
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	A
	$42,000
	$16,000

	B
	33,000
	13,000

	C
	27,000
	11,000


(a) In which region is income the most evenly spread?

Solution:
The sample standard deviation is given as our measure of spread in the data. Because the standard deviation is scale dependent, we need to adjust this measure of dispersion by its mean. Hence we calculate the coefficient of variation 
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 for each region. CVA =  16000/42000 = 0.381, CVB = 13000/33000 = 0.394, CVC = 11000/27000 = 0.407. Income is most evenly spread where the coefficient of variation is smallest, that is in region A.
(b) In which region is income the least evenly spread?
Solution:
This would be where the coefficient of variation is largest, or region C.

8. Consider a geographic area divided into four regions, north, south, east, and west.  The following table lists the population of these regions in three racial categories: Asian, Black, and White:

	
	Population

	Region
	Asian
	Black
	White
	Total

	North
	600
	200
	700
	1500

	South
	200
	300
	400
	900

	East
	150
	150
	250
	550

	West
	100
	300
	200
	600

	Total
	1050
	950
	1550
	3550


(a) Calculate location quotients for each region and for each racial group in the population.

Solution:

The location quotient for activity i in region j is calculated as 
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where
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i

A

 represents the level of characteristic (activity) i in region j and 
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represents the level of characteristic (activity) i in the base region (country). Thus, calculating location quotients for all racial categories across all regions yields the table below.
	
	Location Quotients

	Region
	Asian
	Black
	White

	North
	1.352
	0.498
	1.069

	South
	0.751
	1.246
	1.018

	East
	0.922
	1.019
	1.041

	West
	0.563
	1.868
	0.763


(b) Calculate the coefficient of localization for each racial group.
Solution:

First, find the national share of population group i located within region j. Second. Find each region’s share of the total population. Third, subtract the shares found in step 2 from the shares found in step 1 and sum either the positive or negative differences. This sum is the coefficient of localization for group i. For the Asian population, the coefficient of localization is 0.148. 
	Region
	Share of Asian population
	Share of Total population
	Difference (+)

	North
	0.571
	0.423
	0.148

	South
	0.190
	0.254
	

	East
	0.143
	0.154
	

	West
	0.096
	0.169
	

	Total
	1.0
	1.0
	0.148


Repeating for the Black and White populations, we find coefficients of localization of 0.212 and 0.04, respectively.

10. Consider the following 12 coordinate pairs and weights:

	X coordinate
	Y coordinate
	Weight

	60
	80
	4

	45
	45
	5

	70
	60
	6

	55
	60
	7

	65
	75
	4

	70
	45
	3

	80
	60
	2

	45
	75
	2

	30
	70
	2

	55
	50
	1

	70
	65
	1

	0
	40
	1


(b) Calculate the mean center. Calculate the weighted mean center.
(1) 
Solution:

The mean center of the point distribution is given by the coordinates
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(2)
Solution:
To obtain the weighted mean center, calculate the weighted means of the X and Y coordinates. The weighted mean center is given by the coordinates 
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(c) Calculate the standard distance.
Solution:
The standard distance is defined as 
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