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Linear Regression Exercise 
A  D O C UM E N T  O N  U S I N G  T H E  L I N E A R  R E G R E S S I O N  F O RM U L A  

Objectives 

Learn the concept of Linear Regression. 
Learn the concept of Least-Squares Regression. 
Perform Least-Squares Regression in a case using Excel. 
Understand the results of the Least-Squares Regression. 
Understand the use of the Least-Squares Regression. 

Linear Regression 

Linear Regression attempts to model a relationship between two variables by fitting a linear equation through 

observed data. One variable is considered the controlling variable and the other the dependent variable.    

Consider the variables: (1) a tree’s age and (2) a tree’s height.  It can be said that the age of a tree controls its 

height. Therefore, the controlling variable is the age while the dependent variable is the height. 

A linear regression line has an equation of the form: 

Y = a + bX. 

X is the controlling variable, while Y is the dependent variable. The slope of the line is b, while a is the intercept 

(the value of Y when X = 0).  

For the oak tree example, refer to Figure 1 below. Age, the controlling variable, is on the X-axis while height, 

the dependent variable, is on the Y-axis.  

Figure 1: Linear Regression Example 
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Least-Squares Regression 

Least-squares regression is the most common method for fitting a regression line. This method calculates the best 

fitting line by minimizing the sum of the squares of the vertical deviations from each data point of the line (if a 

point lies on the fitted line exactly, then its vertical deviation is 0). Because the deviations are first squared, then 

summed, there are no cancellations between positive and negative values. 

Consider Figure 2 below.  Imagine the diamond shaped blue dots are the data points and the diagonal line is 

the line that best “predicts” the data. Least-squares regression works by measuring the gaps between the line and 

the data point. These gaps (the red lines) are called residuals.  Least-squares regression procedures are 

designed to produce the smallest set of gaps. 

If you consider all the differences in the figure, some of the gaps will be negative numbers and some will be 

positive. Statisticians multiply each gap by itself to get the square of the residual and ensure that it is always 

positive.  This procedure, intended to produce the least (smallest) number when the squared residuals are totalled, 

is called the least-squares procedure. 

 

Figure 2: Least-Squares Regression Example 

 

 

The R² value is 0.91. This means that 91% of the variation in one variable may be explained by the other. 

Therefore, the line is a good fit. 
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Least-Squares Regression in Excel 

To illustrate how to perform Least-Squares Regression in Excel, a step-by-step guide is provided. Firstly, a 

statistical add-on to Excel called Poptools is needed. It can be downloaded from the following link:  

http://www.cse.csiro.au/poptools/index.htm 

Create an Excel file with the following data: 

Oak 
Tree 

Age(years) Height(inches) 

1 97 12.5 
2 93 12.5 
3 88 8.0 
4 81 9.5 
5 75 16.5 
6 57 11.0 
7 52 10.5 
8 45 9.0 
9 28 6.0 
10 15 1.5 
11 12 1.0 
12 11 1.0 

Step 1: PopTools � Extra Stats � Regression 

A dialog-box should appear, as in Figure 3. 

Figure 3: Linear Regression Analysis Dialog Box 
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Step 2: For X data, select all the rows under the column age.  

Step 3: For Y data, select all the rows under the column height. 

Step 4: For Output, select any clear field. 

Step 5: For List fitted values and VC matrix, click on the check box.  

The dialog box should now look like Figure 4. 

Figure 4: Linear Regression Analysis Filled-Up Dialog Box 

 

                                          

Step 6: Click Go. 

Figure 5 should appear:  
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Figure 5: Linear Regression Results 

 

                        

Understanding Least-squares Regression Results 

To understand the results, it would be helpful to have a visual image of the results. Refer to Figure 6. 

Figure 6: Visual Image of Linear Regression Results 

 

                  

Comparing Figure 5 with Figure 6, Yobs is the actual Y-coordinate of the data point. Ycalc is the Y-

coordinate of the point in the line. And Resid is the distance between the two.  
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Value of Using the Least-squares Regression 

To make use of the results, we need to go back to the formula on the first page: 

Y = a + bX 

This formula is the same as the formula shown in the results: 

y = b0 + b1.x1 

b0 = 1.285354 (round up to 1.29) 

b1 = .127792 (round up to .128) 

 
So based from the results we can now plug-in the values for a and b to get the formula:  

Y = 1.29 + .128X  

Plugging in an X value will now produce a Y value.  Say, for example, given the age of an oak tree is 97, what’s 

its likely height?  

Using the above formula, the likely height of the tree is: 

Y = 1.29 + .128(97) 

Y = 13.706 

 
The result has an accuracy of .69 since the r2 is .69. If the r2 is higher, predictions can be made with greater 

accuracy.  

Bonus Questions 

1. 5 years from now, what is the likely height of the oak tree in the previous example? 

Y = 1.29 + .128(102) 

Y = 14.346 

 

2. If an oak tree has a height of 3.85, what is its likely age? 

3.85 = 1.29 + .128(X) 

2.56 = .128X 

X = 20 

 

References: 

http://www.physics.csbsju.edu/stats/least_squares.html 

http://www.stat.yale.edu/Courses/1997-98/101/linreg.htm 

 

 

 


