Excel -- PART IV                                                                              Linear Regression Analysis

One very common statistical procedure is to determine if two variables are linearly correlated. Excel uses the method of least squares to return a slope and y-intercept for the straight line that best fits the data. Excel is almost completely automated with function wizards so that you have to do very little formula programming. It is a good idea, though, to understand the logic of the procedure since the wizards are good, but not infallible.

An array of data (arguments) are two or more sets of values that must have the same number of rows and columns. An (x,y) data set could be such an array. See the columns of x,y-data in the embedded spreadsheet below. 
Array formulas are created in the normal way, except the three keys, Ctrl, Shift, Enter are pressed simultaneously to enter the formula. The formula for determining the slope and intercept of the best straight line through the data is an example of an array formula. Array formulas can return an array of results, multiple results, or a single result depending on the function that is used in the formula. In each of these cases, a cell range must be highlighted to contain the results before entering the array formula, as is the case for any formula.

Some statistical functions that are used in linear regression are: intercept, slope, trend, and linest. The linest function returns both the intercept and slope and other regression statistics. 

Here are three ways to perform a linear regression analysis:

You can explore the embedded spreadsheet to see some of these concepts illustrated below. If it is difficult to use the small embedded spreadsheet, do this: 1) open a new workbook in Excel; 2) open the embedded worksheet here; 3) copy all the data in the worksheet; 4) paste the data into the new Excel worksheet. 
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n (moles)P (atm)

0.5 9.04

1.0 17.87

1.5 26.5

2.0 34.96

2.5 43.28

3.0 51.48

3.5 59.58

y=mx+b

0

10

20

30

40

50

60

70

80

90

100

Pressure (atm)

The data below show experimental results when a sample of nitrogen is placed in a container 

with a fixed volume of 1.000 L and held at a temperature of 223.15 K
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· Select a range that is 2 cells wide and 3 cells long that will contain the output array (more statistical data will be returned in a longer range). Choose Formulas tab | Insert Function]

Choose the function LINEST and press OK. Fill in the blanks in the dialog box. The first two windows contain the YX data sets. In the third window, Const, type TRUE – this specifies that the y-intercept should be calculated, not set equal to zero. In the fourth window, Stats, type TRUE – this specifies that regression statistics are to be generated in the 6-cell array. After closing the dialog box, click the cursor at the end of the formula in the formula box and then press Ctrl + Shift + Enter simultaneously 

or
· Select a range that is 2 cells wide and 3 cells long that will contain the output array. The formula that is automatically generated in the formula bar using the Insert method above can be typed into the formula bar (without the braces), followed by pressing Ctrl + Shift + Enter simultaneously.

or
· Plot the data to be correlated in a scatter plot chart. Right-click on any data point. From the pop-up menu, choose Add Trendline…. On the Type tab, choose linear. Click on the Options tab. Check the boxes "Display equation on chart" and "Display R-squared value on chart". You can also extend the trendline in either or both directions to extrapolate the data. The trendline can be formatted by right-clicking it with the mouse. The equations appear in a box that can be moved and resized. However, the trendline does not include the calculated errors in m, b, and y. 

The output that we are interested in from the LINEST formula (first two procedures, above) occupies a 2 x 3 range array that should be selected in the worksheet before entering the array formula. To see the array formula, not just the results, highlight the 2x3 array and look at the Formula Bar. 
The unlabeled results that are returned in the array are:

	Slope
	Intercept

	Standard Error in slope
	Standard Error in intercept

	R2
	Standard Error in a calculated y


The slope and intercept define the “best straight line” that correlates the x,y data. The other results report the uncertainties (errors) in the calculation of the slope, the intercept, and any dependent variable y that is calculated from a new, independent variable, x. R2 is a measure of the “goodness of fit”; the closer R2 is to 1, the better the correlation between x and y . 

An example of a returned array of values is shown in the table below. The equation for calculating an unknown dependent variable, y, from a known independent variable, x, is shown using the statistical values generated in the analysis. 

	16.441636
	1.684182

	0.0920478
	0.312149

	0.999718
	0.482703


y = mx + b
y ± 0.48 = (16.4 x ± 0.09) + (1.68 ± 0.31) 


or

P(atm) ± 0.48 = (16.4 n ± 0.09) + (1.68 ± 0.31) 

The numbers in the array range cells can be formatted as usual. 

Physically, you know that if there are no molecules present, then the pressure should be equal to zero, that is, the y-intercept. In cases where you want to include the y-intercept equal to zero as a “data point”, you can change the array formula so that the first logical term is FALSE instead of TRUE. Look at the embedded spreadsheet example, above. 
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				y=mx+b

				x		y

				n (moles)		P (atm)

				0.5		9.04

				1.0		17.87

				1.5		26.5

				2.0		34.96

				2.5		43.28

				3.0		51.48

				3.5		59.58

				4.0		67.71

				4.5		75.59

				5.0		83.55

				5.5		91.54

				LINEST FUNCTION

		m		16.4416363636		1.6841818182		b

		m(err)		0.0920477977		0.3121492691		b(err)

		R2		0.999717995		0.4827027234		y(err)

				LINEST FUNCTION with b=0

		m		16.8809881423		0		b

		m(err)		0.0837834423		0		b(err)

		R2		0.9997537288		0.9423309653		y(err)
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The data below show experimental results when a sample of nitrogen is placed in a container with a fixed volume of 1.000 L and held at a temperature of 223.15 K
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