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All models are wrong but some are useful

—George E. Box



What 5 Coronavirus Models Say the Next Month Will 

Look Like – NY Times – April 22nd, 2020



Coronavirus in the U.S.: Latest Map and 

Case Count – NY Times – June 20th



Specifying Linear Relationships with Linear Regression



Modeling Relationships: Linear Regression

 We can summarize the linear relationship between two 
quantitative variables by fitting a line to the scatterplot of 
data points

 In this context, the x-axis variable is known as the 
explanatory variable. The y-axis variable is known as the 
response variable

 In our example of 19 children, height is our explanatory 
variable and weight is our response variable

 We are using the variable height to try and explain (at least 
some) of the variability in weight measurements



Modeling Relationships: Linear Regression

 Regression analysis is used to:

 Predict the value of a dependent variable based on the value of at least 
one independent variable

 Explain the impact of changes in an independent variable on the dependent 
variable

Dependent variable: the variable we wish to predict or explain

Independent variable:  the variable used to predict or explain the 

dependent variable



Specifying Linear Relationships with Linear Regression



Specifying Linear Relationships with Linear Regression



Least Squares Regression

 Given a random variable pair 𝑋, 𝑌 , we want a model that 

describes the relationship between the predictor (𝑋) and 

response (𝑌) variables. That is, can we express the relationship 

mathematically?

 Perhaps as 𝑌 = 𝑓(𝑋) or 𝑌 = 𝑓(𝑋) + 𝑟𝑎𝑛𝑑𝑜𝑚 𝑒𝑟𝑟𝑜𝑟

 Want to use a linear function of 𝑋 to estimate 𝑌, say 𝑎𝑋 + 𝑏

 What is the “Best” line these these data.



Least Squares Regression

 What is the best line to use?



The Simple Linear Regression Model

Devore 7th Edition
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Least Squares Regression

 The regression method is used to draw the regression 

line which can be used for prediction.

 It is also called the least squares line because it 

minimizes mean squared error. By error we mean the 

vertical difference between the y-value for some x, and 

the height of the regression line at that x.

 𝑒i = 𝑦i − (𝑏0 + b1𝑥) , 𝑖 = 1, 2,…, 𝑛



Devore 7th Edition



Taking the Derivatives

Devore 7th Edition



The Least Squares Intercept and Slope

Devore 7th Edition
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19 Children Height-Weight Example

 Our aim is to fit a line to the data that gets as close to the 
data points as possible. 

 For this reason, the line is often called the line of best fit.



19 Children Height-Weight Example
There are two children in our sample, Janet and Jeffrey, with a height of 62.5 
inches. The individual observed weights for Janet and Jeffrey are 112.5 lbs. and 
84 lbs., respectively. 

Predicted Weight = –143 + 3.9 x (62.5)

= –143 + 243.75

= 100.75 lbs.

Therefore, the individual residual deviations for Janet and Jeffrey are as 
follows:

residual deviation = observed weight – predicted weight

Janet: 112.5 lbs.: residual deviation = 112.5 – 100.75 = 11.75 lbs.

Jeffrey: 84 lbs.: residual deviation = 84 – 100.75 = –16.75 lbs.



19 Children Height-Weight Example

 Line of Best Fit -> Minimize the Sum of the Squared Residuals



The Least Squares Method

b0 and  b1 are obtained by finding the values of  

that minimize the sum of the squared differences
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Example: From STATS: Data and Models



Textbook Body Fat Example:  Excel 

Output
The regression equation is:

(weight) 0.2499 -27.376 Fat(%)Body 



Textbook Body Fat Example:  
Interpretation of bo

 b0 (-27.376) is the estimated average value of body 

fat(%) when the value of weight(lb) is zero (if weight = 0 

is in the range of observed X values)

 Because we can’t have a weight of 0, b0 has no practical 

application

(weight) 0.2499 -27.376 Fat(%)Body 



Textbook Body Fat Example:  
Interpreting b1

 b1 (0.2499) estimates the change in the 

average value of body fat(%) as a result of a 

one-unit increase in weight(lb)

Here, b1 = 0.2499 tells us that the mean value of body 

fat(%) increases by 0.2499, on average, for each additional 

one pound increase in weight

(weight) 0.2499 -27.376 Fat(%)Body 



20.1

(190) 0.2499 -27.376 Fat(%)Body 





Predict the body fat(%)  for a 

person whose weight is190 lbs:

Textbook Body Fat Example:  
Making Predictions

(weight) 0.2499 -27.376 Fat(%)Body 

What is the residual for someone who weighs 190 lbs

and has a body fat content of 21%?


