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Learning Objectives
1.
Understand the purpose of measures of location.

2.
Be able to compute the mean, median, mode, quartiles, and various percentiles.

3.
Understand the purpose of measures of variability.

4.
Be able to compute the range, interquartile range, variance, standard deviation, and coefficient of variation.

5.
Understand how z scores are computed and how they are used as a measure of relative location of a data value.

6.
Know how Chebyshev’s theorem and the empirical rule can be used to determine the percentage of the data within a specified number of standard deviations from the mean.

7.
Learn how to construct a 5-number summary and a box plot.

8.
Be able to compute and interpret covariance and correlation as measures of association between two variables.

9.
Be able to compute a weighted mean.

Solutions:
1.
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10, 12, 16, 17, 20



Median = 16 (middle value)
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10,  12,  16,  17,  20,  21



Median =
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3.

15, 20, 25, 25, 27, 28, 30, 32
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2nd position = 20
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6th position = 28
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4.
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Median = 57
6th item



Mode = 53
It appears 3 times

5.
a.
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b.
There are an even number of items.  Thus, the median is the average of the 15th and 16th items after the data have been placed in rank order.



Median =
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c.
Mode = 36.4  This value appears 4 times



d.
First Quartile  
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Rounding up, we see that Q1 is at the 8th position.



 Q1 = 36.2


e.
Third Quartile   
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Rounding up, we see that Q3 is at the 23rd position.



Q3 = 37.9

6.
a.
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Median is average of 10th and 11th values after arranging in ascending order.
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Data are multimodal


b.
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Mode = 70  (4 brokers charge $70)


c.
Comparing all three measures of central location (mean, median and mode), we conclude that it costs more, on average, to trade 500 shares at $50 per share.


d.
Yes, trading 500 shares at $50 per share is a transaction value of $25,000 whereas trading 1000 shares at $5 per share is a transaction value of $5000.

7.
a.
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b.
Yes, the mean here is 46 minutes.  The newspaper reported on average of 45 minutes.


c.
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d.
Q1 = 7  (value of 8th item in ranked order)



Q3 = 70.4  (value of 23rd item in ranked list)


e.
Find position 
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 40th percentile is average of values in 12th and 13th positions.
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8.
a.
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The modal age is 29; it appears 3 times.


b.
Median is average of 10th and 11th items.
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Data suggest at - home workers are slightly younger.


c.
For Q1,
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Since i is integer,




[image: image27.wmf]1

2930

29.5

2

Q

+

==




For Q3,




[image: image28.wmf]75

2015

100

i

æö

==

ç÷

èø




Since i is integer,
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d.
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Since i is not an integer, we round up to the 7th position.



32nd percentile = 31

9.
a.
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  Median (Position 13)  =  8296


b.
Median would be better because of large data values.


c.
i  =  (25 / 100) 25  =  6.25



Q1 (Position 7)  =  5984



i  =  (75 / 100) 25  =  18.75



Q3 (Position 19)  =  14,330


d.
i = (85/100) 25 = 21.25



85th percentile (position 22) = 15,593.  Approximately 85% of the websites have less than 15,593 unique visitors.

10.
a.
(xi = 435
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Data in ascending order:



28  42  45  48  49  50  55  58  60



Median = 49



Do not report a mode; each data value occurs once.



The index could be considered good since both the mean and median are less than 50.


b.
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Q1 (3rd position) = 45
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Q3 (7th position) = 55

11.
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Median = 25



Do not report a mode since five values appear twice.



For Q1,
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For Q3,
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12.

Using the mean we get  
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For the samples we see that the mean mileage is better in the country than in the city.



City

13.2  14.4  15.2  15.3  15.3  15.3  15.9  16  16.1  16.2  16.2  16.7  16.8

(
    Median



Mode: 15.3



Country

17.2  17.4  18.3  18.5  18.6  18.6  18.7  19.0  19.2  19.4  19.4  20.6  21.1

(
 Median



Mode: 18.6, 19.4



The median and modal mileages are also better in the country than in the city.

13.
a.
Mean = 261/15 = 17.4

14  15  15  15  16  16  17  18  18  18  18  19  20  21  21

(
Median



Mode is 18 (occurs 4 times)



Interpretation: the average number of credit hours taken was 17.4.  At least 50% of the students took 18 or more hours; at least 50% of the students took 18 or fewer hours.  The most frequently occurring number of credit hours taken was 18.


b.
For Q1,
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Q1 (4th position) = 15



For Q3,
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Q3 (12th position) = 19


c.
For the 70th percentile,
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Rounding up we see the 70th percentile is in position 11.



70th percentile = 18

14.
a.
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b.
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c.
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d.
This is not an easy choice because it is a multicriteria problem.  If price was the only criterion, the lowest price camera (Fujifilm DX-10) would be preferred.  If maximum picture capacity was the only criterion, the maximum picture capacity camera (Kodak DC280 Zoom) would be preferred.  But, if battery life was the only criterion, the maximum battery life camera (Fujifilm DX10) would be preferred.  There are many approaches used to select the best choice in a multicriteria situation.  These approaches are discussed in more specialized books on decision analysis.


15. 

Range 20 - 10 = 10



10, 12, 16, 17, 20
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Q1 (2nd position) = 12
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Q3 (4th position) = 17



IQR = Q3 - Q1 = 17 - 12 = 5

16. 
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17.

15, 20, 25, 25, 27, 28, 30, 34
Range = 34 - 15 = 19




[image: image54.wmf]25

(8)2

100

i

==




[image: image55.wmf]1

2025

22.5

2

Q

+

==





[image: image56.wmf]75

(8)6

100

i

==




[image: image57.wmf]1

2830

29

2

Q

+

==




IQR = Q3 - Q1 = 29 - 22.5 = 6.5
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18. 
a.
Range = 190 - 168 = 22


b.
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c.
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d.
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19.

Range = 92-67 = 25



IQR = Q3 - Q1 = 80 - 77 = 3
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20.
a.
Range = 60 - 28 = 32



IQR = Q3 - Q1 = 55 - 45 = 10


b.
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c.
The average air quality is about the same.  But, the variability is greater in Anaheim.

21. 
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22.

Dawson Supply: Range = 11 - 9 = 2
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J.C. Clark: Range = 15 - 7 = 8
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23.
a.
Winter




Range = 21 - 12 = 9




IQR = Q3 - Q1 = 20-16 = 4



Summer



Range = 38 - 18 = 20




IQR = Q3 - Q1 = 29-18 = 11


b.






Variance
Standard Deviation

Winter
8.2333
2.8694

Summer
44.4889
6.6700


c.
Winter



Coefficient of Variation = 
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Summer



Coefficient of Variation = 
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d.
More variability in the summer months.

24.
a.
500 Shares at $50


Min Value = 34

Max Value = 195



Range = 195 - 34 = 161
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Interquartile range = 140 - 47.5 = 92.5



1000 Shares at $5


Min Value = 34

Max Value = 90



Range = 90 - 34 = 56
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Interquartile range = 79.75 - 60.25 = 19.5


b.
500 Shares at $50
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1000 Shares at $5
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c.
500 Shares at $50


Coefficient of Variation = 
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1000 Shares at $5



Coefficient of Variation = 
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d.
The variability is greater for the trade of 500 shares at $50 per share.  This is true whether we use the standard deviation or the coefficient of variation as a measure.

25.

s2 = 0.0021   Production should not be shut down since the variance is less than .005.

26.

Quarter milers


s = 0.0564



Coefficient of Variation = (s/
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Milers



s = 0.1295



Coefficient of Variation = (s/
[image: image91.wmf]x

)100 = (0.1295/4.534)100 = 2.9



Yes; the coefficient of variation shows that as a percentage of the mean the quarter milers’ times show more variability.

27.
a.
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 At least 75%


b.
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 At least 89%


c.
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 At least 61%


d.
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 At least 83%


e.
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 At least 92%

28.
a.
Approximately 95%


b.
Almost all


c.
Approximately 68%

29. 
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10
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20
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30.
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31.
a.
This is from 2 standard deviations below the mean to 2 standard deviations above the mean.



With z = 2, Chebyshev’s theorem gives:
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Therefore, at least 75% of adults sleep between 4.5 and 9.3 hours per day.


b.
This is from 2.5 standard deviations below the mean to 2.5 standard deviations above the mean.



With z = 2.5, Chebyshev’s theorem gives:
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Therefore, at least 84% of adults sleep between 3.9 and 9.9 hours per day.


c.
With z = 2, the empirical rule suggests that 95% of adults sleep between 4.5and 9.3 hours per day.  The probability obtained using the empirical rule is greater than the probability obtained using Chebyshev’s theorem.

32.
a.
2 hours is 1 standard deviation below the mean. Thus, the empirical rule suggests that 68% of the kids watch television between 2 and 4 hours per day. Since a bell-shaped distribution is symmetric, approximately, 34% of the kids watch television between 2 and 3 hours per day. 


b.
1 hour is 2 standard deviations below the mean. Thus, the empirical rule suggests that 95% of the kids watch television between 1 and 5 hours per day. Since a bell-shaped distribution is symmetric, approximately, 47.5% of the kids watch television between 1 and 3 hours per day. In part (a) we concluded that approximately 34% of the kids watch television between 2 and 3 hours per day; thus, approximately 34% of the kids watch television between 3 and 4 hours per day. Hence, approximately 47.5% + 34% = 81.5% of kids watch television between 1 and 4 hours per day.


c.
Since 34% of the kids watch television between 3 and 4 hours per day, 50% - 34% = 16% of the kids watch television more than 4 hours per day. 

33. 
a.
Approximately 68% of scores are within 1 standard deviation from the mean.


b.
Approximately 95% of scores are within 2 standard deviations from the mean.


c.
Approximately (100% - 95%) / 2  =  2.5% of scores are over 130.


d.
Yes, almost all IQ scores are less than 145.

34. a.
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b.
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c.
The z-score in part a indicates that the value is 0.95 standard deviations below the mean.  The z-score in part b indicates that the value is 3.90 standard deviations above the mean.



The labor cost in part b is an outlier and should be reviewed for accuracy.

35.
a.  
[image: image113.wmf]x

is approximately 63 or $63,000, and s is 4 or $4000


b.
This is from 2 standard deviations below the mean to 2 standard deviations above the mean.



With z = 2, Chebyshev’s theorem gives:
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Therefore, at least 75% of benefits managers have an annual salary between $55,000 and $71,000.


c.
The histogram of the salary data is shown below:
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Although the distribution is not perfectly bell shaped, it does appear reasonable to assume that the distribution of annual salary can be approximated by a bell-shaped distribution. 


d.
With z = 2, the empirical rule suggests that 95% of benefits managers have an annual salary between $55,000 and $71,000. The probability is much higher than obtained using Chebyshev’s theorem, but requires the assumption that the distribution of annual salary is bell shaped.

e.  There are no outliers because all the observations are within 3 standard deviations of the mean.

36. 
a.  
[image: image116.wmf]x

is 100 and s is 13.88 or approximately 14


b. If the distribution is bell shaped with a mean of 100 points, the percentage of NBA games in which the winning team scores more than 100 points is 50%. A score of 114 points is z = 1 standard deviation above the mean. Thus, the empirical rule suggests that 68% of the winning teams will score between 86 and 114 points. In other words, 32% of the winning teams will score less than 86 points or more than 114 points.  Because a bell-shaped distribution is symmetric, approximately 16% of the winning teams will score more than 114 points. 

c. For the winning margin, 
[image: image117.wmf]x

is 11.1 and s is 10.77.  To see if there are any outliers, we will first compute the z-score for the winning margin that is farthest from the sample mean of 11.1, a winning margin of 32 points.
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Thus, a winning margin of 32 points is not an outlier (z = 1.94 < 3). Because a winning margin of 32 points is farthest from the mean, none of the other data values can have a z-score that is less than 3 or greater than 3 and hence we conclude that there are no outliers 

37.
a.
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Median =
[image: image120.wmf]4.174.20
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 (average of 10th and 11th values)


b.
Q1 = 4.00  (average of 5th and 6th values)



Q3 = 4.50  (average of 15th and 16th values)


c.
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d.
Allison One:  
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Omni Audio SA 12.3: 
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e.
The lowest rating is for the Bose 501 Series.  It’s z-score is:
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This is not an outlier so there are no outliers.

38.

15, 20, 25, 25, 27, 28, 30, 34



Smallest = 15
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Largest = 34

39.
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40.

5, 6, 8, 10, 10, 12, 15, 16, 18



Smallest = 5
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  Q1 = 8 (3rd position)




Median = 10
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  Q3 = 15 (7th position)




Largest = 18
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41.

IQR = 50 - 42 = 8



Lower Limit:
Q1 - 1.5 IQR  = 42 - 12  = 30



Upper Limit:
Q3 + 1.5 IQR = 50 + 12 = 62



68 is an outlier

42.
a.
Five number summary: 5  9.6  14.5  19.2  52.7


b.
IQR = Q3 - Q1 = 19.2 - 9.6  =  9.6



Lower Limit:
Q1 - 1.5 (IQR) = 9.6 - 1.5(9.6) = -4.8



Upper Limit:
Q3 + 1.5(IQR) = 19.2 + 1.5(9.6) = 33.6


c.
The data value 41.6 is an outlier (larger than the upper limit) and so is the data value 52.7.  The financial analyst should first verify that these values are correct.  Perhaps a typing error has caused 25.7 to be typed as 52.7 (or 14.6 to be typed as 41.6).  If the outliers are correct, the analyst might consider these companies with an unusually large return on equity as good investment candidates.


d. 
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43.
a.
Median (11th position) 4019
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Q1 (6th position) = 1872
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Q3 (16th position) = 8305



608, 1872, 4019, 8305, 14138


b.
Limits:



IQR  =  Q3 - Q1  =  8305 - 1872  =  6433



Lower Limit:
Q1 - 1.5 (IQR)  =  -7777



Upper Limit:
Q3 + 1.5 (IQR)  =  17955


c.
There are no outliers, all data are within the limits.


d.
Yes, if the first two digits in Johnson and Johnson's sales were transposed to 41,138, sales would have shown up as an outlier.  A review of the data would have enabled the correction of the data.


e.
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44.
a.
Mean = 105.7933  Median = 52.7


b.
Q1 = 15.7   Q3 = 78.3


c.
IQR = Q3 - Q1 = 78.3 - 15.7 = 62.6



Lower limit for box plot = Q1 - 1.5(IQR) = 15.7 - 1.5(62.6) = -78.2



Upper limit for box plot = Q3 + 1.5 (IQR) = 78.3 + 1.5(62.6) = 172.2



Note: Because the number of shares covered by options grants cannot be negative, the lower limit for the box plot is set at 0.  This, outliers are value in the data set greater than 172.2.



Outliers:  Silicon Graphics (188.8) and ToysRUs (247.6)


d.
Mean percentage = 26.73.  The current percentage is much greater.

45.
a.
Five Number Summary (Midsize)

51   71.5   81.5   96.5   128



Five Number Summary (Small)

73   101   108.5   121   140


b.
Box Plots



Midsize
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Small Size
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c.
The midsize cars appear to be safer than the small cars.

46.
a.

[image: image140.wmf]x

 = 37.48   Median = 23.67


b.
Q1 = 7.91   Q3 = 51.92


c.
IQR = 51.92 - 7.91 = 44.01



Lower Limit:
Q1 - 1.5(IQR) = 7.91 - 1.5(44.01) = -58.11



Upper Limit:
Q3 + 1.5(IQR) = 51.92 + 1.5(44.01) = 117.94



Russia, with a percent change of 125.89, is an outlier.



Turkey, with a percent change of 254.45 is another outlier.


d.
With a percent change of 22.64, the United States is just below the 50th percentile - the median.
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b.
Negative relationship


c/d.
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There is a strong negative linear relationship.
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b.
Positive relationship


c/d.
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A positive linear relationship
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A positive linear relationship

50.
Let x = driving speed and y = mileage
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A strong negative linear relationship

51.
a.
The sample correlation coefficient is .78.


b.
There is a positive linear relationship between the performance score and the overall rating.

52.
a.
The sample correlation coefficient is .92.



b.
There is a strong positive linear relationship between the two variables.

53. 
The sample correlation coefficient is .88. This indicates a strong positive linear relationship between the daily high and low temperatures.

54.
a.
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b.
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55.
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56.
a.

Grade xi
Weight Wi


4  (A)
  9


3  (B)
 15


2  (C)
 33


1  (D)
  3


0  (F)
  0



          60 Credit Hours
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b.
Yes; satisfies the 2.5 grade point average requirement


57.

We use the weighted mean formula with the weights being the amounts invested.
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= 37,830(0.00) + 27,667(2.98) + 31,037(2.77) + 27,336(2.65) + 37,553(1.58) 





+ 17,812(0.57) + 32,660(2.00) + 17,775(0.00)




=  375,667.1




[image: image166.wmf]S

w

i


=  37,830 + 27,667 +· · · + 17,775




=  229,670
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58.
Mi
fi
fi Mi
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Estimate of total gallons sold:  (10.74)(120) = 1288.8
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59.
a.

Class
 fi
Mi
      fi Mi

0
15
0
0

1
10
1
10

2
40
2
80

3
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3
255

4
350
4
1400

Totals
500

1745




[image: image174.wmf]x

fM

n

i

i

=

=

=

S

1745

500

3

49

.





b.
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60.
a.
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Median = 129  (13th value)



Mode = 0  (2 times)


b.
It appears that this group of young adults eats out much more than the average American.  The mean and median are much higher than the average of $65.88 reported in the newspaper.


c.
Q1 = 95 (7th value)



Q3 = 169  (19th value)


d.
Min = 0
Max = 467



Range = 467 - 0 = 467



IQR = Q3 - Q1 = 169 - 95 = 74


e.
s2 = 9271.01
s = 96.29


f.
The z - score for the largest value is:
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It is the only outlier and should be checked for accuracy.

61. a.
(xi = 760
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      Median is average of 10th and 11th items.
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The modal cash retainer is 40; it appears 4 times.

b. For Q1,
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Since i is integer,
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For Q3,
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Since i is integer,
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c
Range = 64 – 15 = 49



Interquartile range = 45 – 29 = 16


d.
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e.
Coefficient of variation = 
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62.
a.
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Median = 16.5   (Average of 7th and 8th values)


b.
s2 = 53.49
s = 7.31


c.
Quantex has the best record:  11 Days


d.
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Packard-Bell is 1.15 standard deviations slower than the mean.


e.
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IBM is 0.9 standard deviations faster than the mean.


f.
Check Toshiba:
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On the basis of z - scores, Toshiba is not an outlier, but it is 2.52 standard deviations slower than the mean.

63. 


[image: image194.wmf]x

= 1890.2/30 = 63



Median (15th and 16th positions) is (63 + 63.5)/2 = 63.25



Mode:  60.5 and 63.5 both occur twice


b.
i = (25 / 100)30 = 7.5  (8th position)



Q1 = 55.9



i = (75 / 100)30 = 22.5  (23rd position)



Q3 = 69.0

64. 

Sample mean = 7195.5



Median = 7019 (average of positions 5 and 6)



Sample variance = 7,165,941



Sample standard deviation = 2676.93 

65.
a.
The sample mean is 83.135 and the sample standard deviation is 16.173.


b.
With z = 2, Chebyshev’s theorem gives:
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Therefore, at least 75% of household incomes are within 2 standard deviations of the mean. Using the sample mean and sample standard deviation computed in part (a), the range within 75% of household incomes must fall is  83.135 ( 2(16.173) = 83.135 ( 32.346; thus, 75% of household incomes must fall between 50.789 and 115.481, or $50,789 to $115,481.


c.
With z = 2, the empirical rule suggests that 95% of household incomes must fall between $50,789 to $115,481. For the same range, the probability obtained using the empirical rule is greater than the probability obtained using Chebyshev’s theorem.


d.
The z-score for Danbury, CT is 3.04; thus, the Danbury, CT observation is an outlier.

66.
a.
Public Transportation: 
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Automobile: 
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b.
Public Transportation:  s = 4.64



Automobile:  s = 1.83


c.
Prefer the automobile.  The mean times are the same, but the auto has less variability.


d.
Data in ascending order:



Public:
25   28   29   29   32   32   33   34   37   41



Auto:
29   30   31   31   32   32   33   33   34   35



Five number Summaries



Public:
25   29   32   34   41



Auto:
29   31   32   33   35



Box Plots:




Public:
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The box plots do show lower variability with automobile transportation and support the conclusion in part c.

67.

Data in ascending order:





42   44   53   56   58   61   62   62   75   76





77   78   79   82   84   84   85   88   89   89





93   95   96   97   98                                


a.
Five Number Summary

42   62   79   89   98


b.
Box Plot
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68.

Data in ascending order:

400
 451
 511
 576
596
652
711
 744

 809
 820
 852
 907
941
971
975
1023

1112
1174
1251
1278







i = (25/100)20 = 5



i = (75/100)20 = 15



i = (50/100)20 = 10
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Median =
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a.
Five Number Summary



400   624   836   999   1278


b.
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c.
There are no values outside the limits.  Thus no outliers are identified.



Lower limit = 624 - 1.5(999 - 624) = 61.5



Upper limit = 999 + 1.5(999 - 624) = 1561.5

69.
a.
The sample covariance is 477.5365. Because the sample covariance is positive, there is a positive linear relationship between income and home price.


b.
The sample correlation coefficient is .933; this indicates a strong linear relationship between income and home price.

70.
a.
The scatter diagram indicates a positive relationship


b.
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Strong positive relationship

71. 

Let
xi
=
commission on 500 shares trade for broker i



yi
=
commission on 1000 shares trade for broker i
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The covariance shows there is a positive relationship.
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The correlation coefficient shows that while the relationship is positive, it is not real strong.  Note that Max Ule charges more than Schwab for the 500 share trade ($195 vs. $155) but less for the 1000 share trade ($70 vs. $90).

72.
a.
The scatter diagram is shown below:
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b.
The sample correlation coefficient is .75; this indicates a linear relationship between book value and 



earnings.

73.
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74.
a.
(800 + 750 + 900)/3 = 817


b.
Month
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s = 5.37

76.
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