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CHAPTER 3.  DESCRIPTIVE NUMERICAL MEASURES
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Excel includes two Data Analysis Tools that compute numerical measures for summarizing a data set for one quantitative variable.  The first of these two analysis tools, DESCRIPTIVE STATISTICS, computes and displays most of the usual statistical measures of location, variability and shape for ungrouped data.  It is presented in Section 3.1.  The second tool is RANK AND PERCENTILE as discussed in Section 3.2.  This tool displays the original data values sorted in ascending order and gives the rank and percentile for each data value. 

Section 3.3 discusses four additional descriptive statistics that can be computed by individual statistical functions.  Section 3.4 shows how to combine two or more individual statistical functions in order to compute four further descriptive statistic measures.   Finally, Section 3.5 presents two Data Analysis Tools that compute measures of association between two quantitative variables.

3.1 THE DESCRIPTIVE STATISTICS ANALYSIS TOOL 

The easiest way to obtain values for a number of the most common descriptive statistical measures is to use Excel’s analysis tool DESCRIPTIVE STATISTICSxe "Descriptive Statistics Analysis Tool".  To demonstrate the use of this tool we will consider the following example.  

The Frozo and Son Trucking Company delivers freight in and about Humid City.  The number of tons of freight Frozo and Son has delivered the past 24 days is shown in Table 3.1.  Frozo would like to summarize these data using the usual statistical measures for location, variability and shape.  

.  

Table 3.1  Frozo and Son Freight Delivered in Tons  
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The following steps describe how to use the DESCRIPTIVE STATISTICS analysis tool for this example.

1. Use the Start-up Procedure of Section 1.1 of Chapter 1 to start Excel.


2. Open a new Excel workbook and enter the Identification Material (discussed in Section 1.5 of Chapter 1).  In particular, enter the worksheet title in cell B1, your name in cell B2, the date in A3 and the file name you wish to use in D3 such as DESCRIBE.xls.


3. Enter the label FREIGHT in cell A5 and the 24 freight delivery values in cells A6 through A29 as shown in Figure 3.1.


Figure 3.1  Example Data and Tools Pull-Down Menu

[image: image1.png]£ Microsoft Excel - Describe L=12]x]
@) Fie ek yow nsert Fomat | Tooks Daka Window tep JREY
DS E &R % B EY o G Y e K s W3 AL 2
Kad AutoCorrect,
A [ B T swewokok. | D TE T F [ [ m R S 5~
1 DALY ™ fackchanges » PELIVERED
2 Herge Workbocks
3 |Today's Date Protection » BCRIBE xis
4 Online Collaboration >
5 |FREIGHT
5 25 Goalseek.
- o scenars
: u Rusiting ,
5 B e
10 40 Macro »
1" 37 Add-Ins.
12 41 Custorize.
13 43 Options.
14 43 Data Analysis,
15 46
16 37
17 35
18 44
19 44
20 45
21 44
22 46
23 48
24 41
25 46
26 46
27 43
28 43
29 44
30 '
4 4 » [pi\Sheet1 { Shestz { Shests { Shesté £ Sheets  Sheets / Sheet7 / Sheetd f Shestd { Sheetio £ 5|« [ »l
Readly [ [ [ e e |

gstart | @ <1 22 53 ||[[E Microsoft Excel - Des... | ] CHAPTERS -Microsaft W.

|38 H e <aQ) 411PM




4. Use the Saving a Workbook procedure (Step 6 in Subsection 1.2.3 of Chapter 1) to save your workbook using the file name DESCRIBE.  


5. From the menu bar select Tools and then Data Analysis from the subsequent pull-down menu as shown in Figure 3.1.  The Data Analysis dialog box of Figure 3.2 will be shown on the screen.  

6. Select Descriptive Statistics from the scrolling list and then click on the command button labeled OK.  The Descriptive Statistics dialog box will be displayed as shown in Figure 3.3.


7. Next you will enter the input and the output options for the Descriptive Statistics analysis tool.  Begin by selecting the options on the left hand side of the Descriptive Statistics dialog box.  Specifically, select the first input option by clicking the left mouse button once or twice in the check box to the left of the words Labels in the First Row to get a check mark in the box.  


Figure 3.2  Data Analysis Dialog Box
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Figure 3.3  Descriptive Statistics Dialog Box
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8. Select the first output option by clicking once on the option button to the left of the words Output Range in order to place a dot in the button.  Also, click once or twice in the checkbox for Summary Statistics, for Confidence Level for the Mean, for kth largest and for kth smallest to get a check mark in each box. See Figure 3.3.  


9. Move the mouse pointer to the textbox to the right of Input Range and click the left mouse button.  Enter the range of cells for the data including the label in cell A5.  You may either type A5:A29 or click on cell A5 and drag to cell A29.  Excel automatically adds $ signs to the cell addresses to indicate absolute addresses when you use the dragging operation.


10. Press the Tab key to proceed to the next dialog box field.  Select Columns for the Grouped By input since the data are in a column.  


11. Press the tab key three times to move the cursor to the Output Range text box and enter the upper left cell for the location of the output results.  For this example enter D5.


12. Press the tab key three more times to move the cursor to the Confidence Level for Mean text box. Enter 95 in order to obtain the 95% confidence interval (confidence intervals are discussed in Chapter 5).


13. Tab twice to the Kth Largest text box and enter 6 in order to obtain the approximate value for the third quartile or 75th percentile (6th largest of 24 data points).  Tab twice to Kth Smallest text box enter 6 to obtain the approximate value for the first quartile or 25th percentile (6th smallest of 24 data points).  (Exact values for the third and first quartiles can be computed using the individual statistical function QUARTILE as discussed in Section 3.4 below.)


14. Click on OK and Excel will compute and display the values as shown in Figure 3.4.  (Note the width of column D has been increased so labels appear in full.)


Figure 3.4  Descriptive Statistics Results
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15. Use the Saving a Workbook procedure (Step 6 in Subsection 1.2.3 of Chapter 1) to save your worksheet. 

The descriptive statistics results given in Figure 3.4 present measures of location, measures of variability, measures of shape and some additional descriptive measures.  These are discussed in the following four subsections.


3.1.1  Measures of  Location 

The measures of locationxe "Measures of Central Location"

xe "Measures of Variability" include values for the mean in cell E7, the median in cell E9 and the mode in cell E10.   In addition, cells E20 and E21 show the approximate values for the third and first quartiles. 

3.1.2  Measures of Variability 

The most frequently used measures of variability are the sample standard deviation, the sample variance and the range as given respectively in cells E11, E12 and E15 of Figure 3.4. 

3.1.3  Measures of Shapexe "Measures of Shape" 

The results of Figure 3.4 also include measures of shape.  A value for skewness is given in cell E14 and a value for kurtosis in cell E13.  The value for skewness is based on the differences around the mean raised to the third power. The value for kurtosis is based on the differences around the mean raised to the fourth power. For a further explanation you should access Help for the Excel statistical functions SKEW xe "SKEW Function"

xe "KURT Function"and KURT.   Help for these two functions is accessed by clicking the PASTE FUNCTION button (labeled as fx on the standard toolbar), then the Statistical category of functions, and then the function SKEW or KURT.  Finally click the button for the Office Assistant that is labeled with a question mark within a balloon in the lower left corner of the dialog box (for example see the lower left corner of later Figure 3.7).  

An alternate measure of skewness is Pearson’s Coefficient of Skewness that is somewhat simpler to compute and is perhaps a more usual measure of skewness.  It is presented in Section 3.4 below. 

3.1.4  Other Descriptive Measures 

Figure 3.4 includes six additional outputs.  Cell E8 contains the value for the standard error. It is equal to the sample standard deviation divided by the square root of the sample size.  It is used for computing confidence intervals and conducting hypothesis tests as discussed later in Chapter 5.  Cells E16 through E19 present the values for the smallest value of the sample, the largest value, the sum of all the values and the number of values in the sample.  The final output given in cell E22 is the half-width for the 95% confidence interval that is discussed in Chapter 5.

3.2  THE RANK AND PERCENTILE  ANALYSIS TOOL 

A second Data Analysis Tool that computes numerical measures for summarizing a data set of one quantitative variable is named RANK AND PERCENTILExe "Rank and Percentile Analysis Tool".  Again the data of Table 3.1 will be used to demonstrate this analysis tool. 

The following steps will result in a new table within the worksheet with the data values given in descending order.

1. From the menu bar select Tools and then select Data Analysis from the subsequent pull-down menu.  The Data Analysis dialog box (Figure 3.2) will then appear. Scroll down the list and select Rank and Percentile and then OK in order to obtain the Rank and Percentile dialog box as shown in Figure 3.5.  


Figure 3.5  Rank and Percentile Dialog Box
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2. Next fill in the Inputs and Output options as you did starting with Step 7 of the procedure given in Section 3.1.  For the Output Range enter G5.  


3. Click on OK and Excel will compute and display the values as shown in Figure 3.6.  

The results are given in columns G through J.  The original data values, given in column H, are now sorted in descending order.  The numbers in column G indicate which data value is in each row.  The values in columns I and J present the rank and percentile for each data value.   

Figure 3.6  Rank and Percentile Results
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3.3  DESCRIPTIVE STATISTICAL FUNCTIONS 

In addition to the Data Analysis Tools for performing statistical analysis, Excel has 80 individual functionsxe "Descriptive Statistics Functions" for computing statistical values. These functions are listed in Appendix B by the category of analysis each supports.  As presented in Appendix B, 36 of the 80 functions are listed in one of the six categories representing descriptive statistics.  These 36 functions both duplicate and supplement the analytical capabilities of the three descriptive statistics data analysis tools, HISTOGRAM, DESCRIPTIVE STATISTICS and RANK AND PERCENTILE.  

For example, the statistical functions AVERAGE, MEDIAN, MODE, STDEV and VAR compute values for the mean, median, mode, sample standard deviation and sample variance respectively.  The DESCRIPTIVE STATISTICS analysis tool also computes values for these five descriptive numerical measures.  However, a number of the descriptive numerical measures provided by statistical functions, are not computed by the Descriptive Statistics tool.  We demonstrate some of these additional measures through the presentation of four individual functions.  The first three of these four, the, the population variance, the population standard deviation and the mean absolute deviation provide additional measures of variability.  The fourth, z-score, provides a measure of position. 

3.3.1  Population Variance 

One of the statistical functions is VARP.  It computes the population variance xe "Population Variance"

xe "Sample Variance"(N in the denominator) as opposed to the sample variance (n-1 in the denominator).  You may recall that the sample variance was computed in Figure 3.4 through use of the DESCRIPTIVE STATISTICS tool.  It also can be computed by the function VAR.  

To determine the population variance using the VARP function, we perform the following steps.  

1.  Enter the label Population Variance in cell D24. 


2.  Move the worksheet pointer to cell E24 and click the PASTE FUNCTION button, fx.  The result should be the dialog box shown in Figure 3.7.



Figure 3.7  Paste Function Dialog Box
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3.  Click on the Function category Statistical in the scrolling list on the left.  


4.  Scroll to and click on the Function name VARPxe "VARP Function" in the scrolling list on the right.  


5.  Click on the OK command button and the VARP dialog box, called the formula palette, as shown in Figure 3.8 will be presented on the computer screen.  


6.  Enter the range of values for the input data by either keying in the range or by clicking and dragging through cells A6 through A29.  Notice that the value for the population variance is displayed both in the middle and at the bottom of the dialog box.  

Figure 3.8  VARP Function Dialog Box                                                 
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7.  Click on the OK command button.  The function VARP with the range A6 through A29 is placed in cell E24 and the value for the function is displayed in cell E24.  Figure 3.9 shows this result.

Alternatively, you may key the function directly into cell E24 without going through the dialog boxes of Figures 3.7 and 3.8.  You would simply key into cell E24 the expression =VARP(A6:A29).  The result would be the same as that shown in Figure 3.9. 


Most Excel functions are dynamic.  This means the computed result will automatically change as the input values are changed.  You might wish to try this by changing one or more of the values in cells A6 through A29.  On the other hand, the results from Data Analysis Tools are generally static.  The results are not changed until the tool is run again.

3.3.2  Population Standard Deviation  

Another individual function, STDEVP, computes the population standard deviation.  It is in contrast to xe "Population Standard Deviation"

xe "STDEVP Function"the sample standard deviation given in Figure 3.4.  It can also be computed by the function STDEV. As a test of your understanding of the use of PASTE FUNCTION button, repeat the seven steps given above for the population variance to compute the population standard deviation in cell E25 with a label in cell D25.  Refer to Figure 3.9 to see the result.

3.3.3  Mean Absolute Deviation  

Another measure of variability that can be obtained through the use of these same seven steps is the Mean Absolute Deviation (MAD)xe "Mean Absolute Deviaton"

xe "MAD" \t "See Mean Absolute Deviation"

xe "AVEDEV Function".  The function that computes it is AVEDEV. Use this function to compute the value for MAD in cell E26 with its label in cell D26.  Figure 3.9 also shows this result.

Figure 3.9  VARP, STDEVP and AVEDEV Function Results
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3.3.4  z-Score 

A measure of position for a data value relative to the other values in a data set is provided by its z-score.xe "Z-score" The z-score for a data value is equal to the number of standard deviations it is above or below the mean of the data set.  The Excel function which computes a z-score is STANDARDIZE.xe "STANDARDIZE Function"
To compute the z-score for each data value of the Frozo and Son example proceed as follows.

1. Enter the label z-Score in cell B5 and move the cell pointer to cell B6.


2. Click the PASTE FUNCTION button, fx, with the left mouse button. The result should be as previously shown in Figure 3.7.


3. Click on the Function category Statistical in the left scrolling list.  Scroll to and click on the Function name STANDARDIZE in the right list.  Click on the OK to obtain the result given in Figure 3.10.


4. Click on the value in cell A6 to enter the cell address for the x value.

Figure 3.10  STANDARDIZE Function Dialog Box

[image: image10.png]STANDARDIZE

x[os s
Mean [i257 12.68666667
Standard_dev [ic52 322179934

= 0723922766
Returns a normalzed value from a dstrbution characterized by a mean and standard
deviation,

‘Standard_dev i the standard deviation of the dstrbutian, a positive number.

Fomia st 207239 =

] o] e





5. Depress the Tab key to move to the text box for the mean.   Key the cell address for the mean, E7, and press the F4 key on top row of your keyboard.  Depressing the F4 key changes the cell address from a relative address to an absolute address.  The $ sign before the column letter and before the row number indicate it is an absolute address.  An absolute cell address is needed when the contents of a cell are to be copied and the cell address is to remain unchanged when it is copied. 


6. Push the Tab key to move to the standard deviation text box, labeled as Standard_dev.  Key the cell address E25 and press the F4 key to also make it an absolute address.  


7. Click OK.  The result will be the z-score for the data value in cell A6.


8. Click on the Copy button.  Click and drag through cells B7 through B29.


9. Click on the Paste button.  The result will be the z-scores in column B for each of the values in cells A7 through A29.  These results are shown in Figure 3.11.

3.4 COMBINATIONS OF STATISTICAL FUNCTIONSxe "Functions Combinations" 

Two or more individual statistical functions can be combined to compute additional descriptive numerical measures.  Four of these commonly presented in business statistics textbooks include the coefficient of variation, the interquartile range, Pearson’s coefficient of skewness and the box plot.  The first two of these provide additional measures of variability.  The third gives another numerical measure of shape, and the fourth provides a pictorial summary of the shape of a data set.  A box plot is also called a box and whisker plot in some statistic textbooks. 

Figure 3.11  Z-Score Results
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3.4.1  Coefficient of Variation 

The coefficient of variation xe "Coefficient of Variation"measures the relative variability in a data set by dividing the population standard deviation by the mean and multiplying the result by 100.  This computation can be performed in Excel by using the statistical function STDEVP to obtain the population standard deviation and the function AVERAGE to obtain the mean.  Continuing with the worksheet from above, we will proceed as follows.

1. Enter the label Coefficient Variation in cell D28.  Move the worksheet pointer to cell E28.


2. Click the PASTE FUNCTION button, fx, with the left mouse button.  The computer will show the PASTE FUNCTION dialog box (see previous Figure 3.7).


3. Click on the Function category Statistical.   Scroll to and click on the Function name STDEVP and click on the OK button to obtain the dialog box of Figure 3.12.


4. Enter or click and drag through cells A6 to A29 and click OK.  The population standard deviation will be displayed in cell E28.


5. Press the F2 key in the top row of your keyboard to enter the edit mode.


6. Key in a slash after the right-most parenthesis of the STDEVP function in cell E28 to indicate the population standard deviation is to be divided by the mean.

Figure 3.12  STDEVP Function Dialog Box
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7. To compute the mean repeat Steps 2, 3 and 4 above but use the statistical function AVERAGE instead of STDEVP.


8. Press the F2 key again and key in an  * (asterisk) at the end of the AVERAGE function to indicate the result is to be multiplied.


9. Key in the number 100 and press the Enter key for the final result as shown in Figure 13.13.

Figure 3.13  Results for Coefficient of Variation, Interquartile Range, Pearson’s Coefficient of Skewness and 5-Number Summary
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You may have noted that we could have computed the coefficient of variation more simply by dividing the value in cell E25 by the value in E7 and multiplying by 100. However, we presented the above procedure to demonstrate how to combine two or more statistical functions when they have not been computed separately within the worksheet.

3.4.2  Interquartile Range  

 Another measure of variability, the interquartile rangexe "Interquartile Range"

xe "QUARTILE Function" is found by subtracting the first quartile from the third quartile.  Excel’s statistical function QUARTILE can be used to obtain these two quartile values.

QUARTILE Function Note: There are a number of variations in the conventions used to compute quartiles.  The conventions used by Excel may differ from those used in your textbook.  If they do differ, the results will oftentimes be the same and sometimes differ by at most one item.  For example, textbooks oftentimes define the first quartile as the [(n + 1) / 4]th item in the ordered array of data values. However, Excel defines the first quartile as the [(n + 3) / 4]th item.  A little algebraic manipulation shows that Excel’s definition is always 0.5 greater than the first definition.  Thus, the result after any needed rounding will oftentimes be the same and sometimes differ by at most one item.  Similarly, the third quartile is often defined in textbooks as the [3(n + 1) / 4]th  item as opposed to Excel’s definition of [(3n + 1) /4 ]th.  Excel’s definition for the third quartile will always be 0.5 less than the first definition.  Again after rounding the result will either be the same or will differ by at the most one item.  Excel’s definition of the second quartile, the median, is [(n + 1) / 2]th  as is usually presented in statistics textbooks. 

The following is the procedure for determining the interquartile range for the Frozo and Son example data set using Excel’s statistical function QUARTILE.

1. Enter the label Interquartile Range in cell D29 and move the worksheet pointer to cell E29.


2. Click the PASTE FUNCTION button, fx, with the left mouse button. The result should be the PASTE FUNCTION dialog box (see previous Figure 3.7).


3. Click on the Function category Statistical.  Scroll to and click on the Function name QUARTILE and click on the OK button.  The result will be as shown in Figure 3.14.


Figure 3.14  QUARTILE Dialog Box

[image: image14.png]QUARTILE

aray [se:a20 ] = (9540544394037,
Quart [3 -3

=45
Returns the quartie of a data set.

Quart s 3 number; minimum vl
quartle = 3; maxinum value

Fomua el =45 =

0; 15t quartie = 1; median value =2; 3rd





4. Enter or click and drag through cells A6 to A29.

5. Click on the textbox to the right of the Quart label and enter the number 3 to designate the third quartile.  Click on OK.

6. Press the F2 key to enter the edit mode.


7.  Key in a minus at the end of the QUARTILE function.


8. Repeat Steps 2 through 5 for the first quartile by using the number 1 in place of the 3 in step 5.


9. Press the Enter key and the results as shown in cell E29 of Figure 3.13 should appear in your worksheet.  



3.4.3  Pearson’s Coefficient of Skewness  

As mentioned in Section 3.1 above, the DESCRIPTIVE STATISTICS analysis tool computes a measure of skewness as the third power of the deviations about the mean.  It provides a measure of the shape of a data set.  Another measure of skewness is Pearson’s coefficient of skewnessxe "Coefficient of Skewness (Pearson's)".  It is computed by multiplying the difference between the mean and median times 3, and dividing the result by the standard deviation.  The three statistical functions AVERAGE, MEDIAN and STDEVP can be combined to obtain a value for this measure in the following manner. 

1.  Enter the label Coefficient of Skewness in cell D30.  


2.  In cell E30 enter the following formula.  Although you may use the PASTE FUNCTION to enter the three functions, it is perhaps easier to simply key the formula into the cell.


= 3 * ( AVERAGE(A6:A29) - MEDIAN(A6:A29) ) / STDEVP(A6:A29)
Your results should appear as shown in cell E30 of Figure 3.13.

3.4.4  Box Plot  

The box plotxe "Box Plot"

xe "Box and Whisker Plot", also called the box and whisker plot, provides a pictorial representation of the shape of a data set.  It graphically shows the two extreme values for a data set, the center of the data set and the variability of the data set. It is constructed using a five-number summary for the data set.  The five numbers are the median, the first quartile, the third quartile, the smallest value and the largest value.  These all can be found with the statistical function QUARTILExe "QUARTILE Function" (see QUARTILE Function Note in Subsection 3.3.2 above).  We proceed in the following manner.  

1.  Key the labels FIVE-NUMBER SUMMARY, Smallest Value, First Quartile, Median, Third Quartile and Largest Value in cells D32 through D37 respectively.


2.  In cells E33 through E37 key the following five QUARTILE expressions.

=QUARTILE(A6:A29,0)

=QUARTILE(A6:A29,1)

=QUARTILE(A6:A29,2)

=QUARTILE(A6:A29,3)

=QUARTILE(A6:A295,4)

The resulting five values as shown in Figure 3.13 can be used to draw the Box Plot either by hand or with Excel.  

Although Excel does not include a feature for converting these five numbers into a box plot, we have developed a worksheet that does so.  It is included on the CD-ROM accompanying this manual under the file name Boxplot.xls.  For those readers who wish to develop their own box plot worksheet, we give the procedure for its development in Section C.1 of Appendix C.

The procedure for the use of Boxplot.xls worksheet to construct a box plot is the following.

1.  Start Excel and load the Boxplot.xls file.  Enter the Identification Material in the appropriate places on the worksheet.


2.  Enter or copy your data into Column A starting in Cell A6.  Make sure there are no other data values in Column A leftover from a prior data set.  (The worksheet is setup to accept up to 100 data values.  You can increase this if necessary by editing the ranges in cells D6 through D10.)  


3.  The box plot will automatically appear at the right of the worksheet.  However, the entire box plot may not be displayed for your particular set of data.  It may be necessary to first adjust the minimum and/or the maximum values for the axes.  Click on the X-axis to ready it for editing.  


4.  Next click on Format on the menu bar and then Selected Axis on the subsequent pull-down menu.  (Alternatively, you could right click the X-axis and select Format Axis from the resulting shortcut menu.)


5.  Click on the dialog box tab labeled Scale.  Change the minimum and the maximum values to appropriate values.  Use the Smallest Value and Largest Value given on the worksheet as guides.  Click on OK to obtain your final box plot.  Refer to Figure C.4 of Appendix C to view the box plot for the example of this section.

It is possible to save the Boxplot file as a built-in custom chart in your copy of Excel.  Thus, it would always be available to you without the need for the Boxplot.xls workbook.  In Appendix C, we present the procedure for saving and using such a custom chart in Section C.2.   

3.5  MEASURES OF ASSOCIATION BETWEEN TWO VARIABLES 

In the process of using the Data Analysis Tools and Statistical Functions presented so far in this chapter, you have computed a large number of different statistics.  All of these are used to summarize a data set of one quantitative variable.  Oftentimes for business problems we wish to determine how two quantitative variables are related to each other.  In Chapter 2 we presented the scatter diagram for graphically displaying such a relationshipxe "Variable Relationships".  In this section of Chapter 3, we will present two data analysis tools, and three statistical functions for computing two measures of the relationship between two quantitative variables, the covariance and the coefficient of correlation. 

3.5.1 The COVARIANCE Analysis Toolxe "Covariance Analysis Tool"  

As an example, let us revisit the Frozo and Son Trucking Company.  Suppose Frozo feels there is a relationship between the maintenance cost for trucks and the number of delivery stops trucks make.  Frozo has compiled the maintenance cost and the number of stops made for 12 trucks.  He has entered the 12 pairs of values into cells A6 through B17 of an Excel worksheet as shown in Figure 3.15.

Figure 3.15  Scatter Diagram, Covariance and Correlation Results
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The process of analyzing these data should begin with the construction of a scatter diagram to graphically illustrate the relationship between the two variables.    We will use the procedure of Subsection 2.2.4 of Chapter 2 to construct a scatter diagram. 

1. Click on the Sheet2 tab at the bottom of the window.  This will allow you to create a second worksheet for this second example within the workbook entitled DESCRIBE.  


2. Enter the data labels No. of Stops and Maintenance Cost in $1000’s as shown in Figure 3.15. Also enter the 12 pairs of data values in cells A6 through B17.  


3. Use steps 3 through 9 of Section 2.2.4 in Chapter 2 to create the scatter diagram of Figure 3.15.  

4. From the menu bar select Tools and next select Data Analysis from the pull-down menu and then select Covariance from the scrolling list.  Finally select OK to obtain the Covariance dialog box as shown in Figure 3.16.


5. Make the entries given in Figure 3.16.  These include (a) the input range, (b) the grouped by column option button, (c) the labels in first row check box, (d) the output range option button and (e) the output range.

Figure 3.16  Covariance Data Analysis Tool Dialog Box
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The results are as displayed in cells A20 through C22 of Figure 3.15.  The label directly above these cells has been added for clarification.  The value of  4437.74306 is the value of covariance for the two variables No. of Stops and Maintenance Cost.  It is the population covariance (N in the denominator, not n - 1).  The values given in cells B21 and C22 are the population variance values for the No. of Stops and the Maintenance Cost respectively.  To convert these three values to their corresponding sample values multiply each of them by the value of the expression  N/(n - 1).

Excel 97 Note:  The Covariance Data Analysis Tool for Excel 97 displays the sample covariance between the two variables and the sample variances for each of the two variables (n – 1 in the denominator, not N).  To compute the three corresponding population values, multiply each of the three by the value of the expression (n – 1)/N.  The formula given on the help screen for this tool erroneously indicates that the population values are computed.  Excel 95 also computed the sample values whereas Excel 5.0 computed the population values.  

As we have previously noted, Excel also has built-in statistical functions for computing the statistical results provided by the data analysis tools.  (The general differences between the results from functions as opposed to those from tools are discussed on the first page of Appendix B.)  Excel’s statistical function for computing covariance is COVAR.xe "COVAR Function" The value from this function for our example is shown in cell C24 of Figure 3.15 with a corresponding label added in cell A24.  The entry in cell C24 may be directly keyed into the cell or the PASTE FUNCTION may be used to insert it.  In either case the entry in the cell is  =COVAR(A6:A17,B6:B17) and the result is the population covariance value.  

3.5.2  The CORRELATION  Analysis Toolxe "Correlation Analysis Tool"  

As a numerical measure of the association between two variables, covariance has a weakness.  The value of covariance depends on the units of measurement of the two variables.  As a result, it is difficult to judge the strength of the relationship from the covariance.  A measure of the relationship between two variables that avoids this difficulty is the correlation coefficient, sometimes called the Pearson product moment correlation coefficient. Excel provides a data analysis tool, called CORRELATION, and two statistical functions, called CORREL and PEARSONxe "CORREL Function"

xe "PEARSON Function", that compute this numerical measure.  

The procedure for using the CORRELATION analysis tool is the same as that for the COVARIANCE tool with one change.  In particular for Step 4 of the procedure in Subsection 3.5.1, the substitution of the selection of Correlation from the pull-down menu instead of the selection of Covariance will result in a dialog box almost identical to that of Figure 3.16.  If the dialog box entries are made as described in Step 5 above, the results will be as shown in cells E20 through G22 of Figure 3.15.  Note the label in cell E19 was added for clarification.  

The value 0.85046 given in cell F22 is the value for the correlation coefficient for the two variables No. of Stops and Maintenance Cost.  It is the sample correlation coefficient if the input data are from a sample such as our example.  If the input data were for a population, then the result would have been the population value.  The values given in cells F21 and G22 will always have the value 1. They indicate that each variable has perfect positive correlation with itself.  Thus, these two values are not particularly useful.  

Excel’s two statistical functions for computing correlation are CORREL and PEARSON.  Values for these two functions are shown in cells G24 and G25 respectively with appropriate labels in cells E24 and E25. The entry in cell G24 may be keyed directly into the cell or the PASTE FUNCTION may be used to insert it.  In either case the entry in the cell is  =CORREL(A6:A17,B6:B17) and that for cell G25 is  =PEARSON(A6:A17,B6:B17).  These two results will always be the same.  
This then completes are look at descriptive numerical measures.  At this point you may wish to save your worksheet one last time and perhaps print out your results.  Then you will need to close your worksheet and exit Excel.   If you need to review the process of these operations, you may wish to review Subsection 1.2.3 of Chapter 1.
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