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12.6. Multiple regression:  

Motivating Example: 
Heller Company manufactures lawn mowers and related lawn equipment. The 
managers believe the quantity of lawn mowers sold (࢟࢏) depends on the price of the 
mower (࢞࢏૛) and the price of a competitor’s mower (࢞࢏૚). We have the following data: 

 ࢏࢟ ૛࢏࢞ ૚࢏࢞
૚૛૙ ૚૙૙ ૚૙૛ 
૚૝૙ ૚૚૙ ૚૙૙ 
૚ૢ૙ ૢ૙ ૚૛૙ 
૚૜૙ ૚૞૙ ૠૠ 
૚૞૞ ૛૚૙ ૝૟ 
૚ૠ૞ ૚૞૙ ૢ૜ 
૚૛૞ ૛૞૙ ૛૟ 
૚૝૞ ૛ૠ૙ ૟ૢ 
૚ૡ૙ ૜૙૙ ૟૞ 
૚૞૙ ૛૞૙ ૡ૞ 

Objectives:  
 Determine how the depend variable ࢟࢏ is related to the independent variables 

 ૛࢏࢞ ૚ and࢏࢞
 Based on the fitted regression equation, the value of ࢟࢏ for a new data with 

specific values ࢞࢏૚ and ࢞࢏૛ can be predicted. 
 
The regression model for the above data is 

࢏࢟ = ૙ࢼ + ૚࢏૚࢞ࢼ + ૛࢏૛࢞ࢼ + ,࢏ࣕ ࢏ = ૚, ⋯ , ૚૙. 
In general, the multiple linear regression model is 

࢏࢟ = ૙ࢼ + ૚࢏૚࢞ࢼ + ૛࢏૛࢞ࢼ + ⋯ + ࢖࢏࢞࢖ࢼ + ,࢏ࣕ ࢏ = ૚, ⋯ ,  .࢔
as ࢖ independent variables ࢞࢏૚, ,૛࢏࢞ ⋯ ,   .are of interest ࢖࢏࢞
 
Suppose the data available are  

൫࢟૚, ࢞૚૚, ࢞૚૛, ⋯ , ࢞૚࢖൯, ൫࢟૛, ࢞૛૚, ࢞૛૛, ⋯ , ࢞૛࢖൯, ⋯ , ൫࢟࢔, ,૚࢔࢞ ,૛࢔࢞ ⋯ ,  ,൯࢖࢔࢞
for example, in the Heller Company manufactures case,  

(࢟૚, ࢞૚૚, ࢞૚૛) = (૚૙૛, ૚૛૙, ૚૙૙), ⋯ , ൫࢟૚૙, ࢞(૚૙)૚, ࢞(૚૙)૛൯ = (ૡ૞, ૚૞૙, ૛૞૙). 
Then, the least square method is to find ࢈૙, ,૚࢈ ⋯ ,  the estimate,࢖࢈
of ࢼ૙, ,૚ࢼ ⋯ ,  minimizing ,࢖ࢼ

,૙ࢼ൫܁ ,૚ࢼ ⋯ , ൯࢖ࢼ = ෍൫࢟࢏ − ૙ࢼ − ࢏૚࢞ࢼ − ૛࢏૛࢞ࢼ − ⋯ − ൯૛࢖࢏࢞࢖ࢼ
࢔

ୀ૚࢏

. 
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,૙࢈ ,૚࢈ ⋯ , ,૙ࢼ is called the least squares estimators of ࢖࢈ ,૚ࢼ ⋯ ,   .࢖ࢼ
The fitted regression equation is  

ෝ࢟ = ૙࢈ + ૚࢞૚࢈ + ૛࢞૛࢈ + ⋯ +  .࢖࢞࢖࢈
The predicted value for an observation with ࢞࢏૚, ૛࢏࢞ , ⋯ ,  is ࢖࢏࢞

ෝ࢟࢏ = ૙࢈ + ૚࢏૚࢞࢈ + ૛࢏૛࢞࢈ + ⋯ + ,࢖࢏࢞࢖࢈ ࢏ = ૚, ⋯ ,  .࢔
 
Motivating Example (continue): 
The fitted regression equation is  

ෝ࢟ = ૙࢈ + ૚࢞૚࢈ + ૛࢞૛࢈ = ૟૟. ૞૚ૡ + ૙. ૝૚૝࢞૚ − ૙. ૛૟ૢ࢞૛. 
The fitted equation implies an increase in the competitor’s price of ૚  unit is 
associated with an increase of ૙. ૝૚૝  unit in expected quantity sold and an 
increase in its own price of ૚ unit is associated with a decrease of ૙. ૛૟ૢ unit in 
expected quantity sold. Suppose now we want to predict the quantity sold in a city 
where Heller prices it mower at $૚૟૙  and the competitor prices its mower at 
$૚ૠ૙. The quantity sold predicted is  

૟૟. ૞૚ૡ + ૙. ૝૚૝ ∙ ૚ૠ૙ − ૙. ૛૟ૢ ∙ ૚૟૙ = ૢ૜. ૠ૚ૡ. 
 


