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Regression Summary Table

Coefficients Std. error t-statistic p-value

Intercept 2.939 0.312 9.422 <0.0001

TV 0.046 0.001 32.809 <0.0001

Radio 0.189 0.009 21.893 <0.0001

Newspaper -0.001 0.006 0.860
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Interpretation



Correlation Matrix

TV radio newspaper sales

TV 1.000 0.055 0.057 0.782

radio 1.000 0.354 0.576

Newspaper 1.000 0.228

sales 1.000



Interpretation

• The correlation between radio and newspaper is 0.35.
• This suggests that there is a tendency to spend more on newspaper

advertising in markets where more is spent on radio advertising.
• Suppose that the MLR model is correct and newspaper advertising

has no direct impact on sales, but radio advertising does increase
sales.

• Then in markets where we spend more on radio our sales will tend
to be higher, and as our correlation matrix shows, we also spend
more on newspaper advertising in those same markets.



Interpretation

• In a SLR model that only checks sales versus newspaper, higher values
of newspaper tend to be linked with higher values of sales, even
though newspaper advertising does not affect sales.

• So newspaper gets “credit” for the effect of radio on sales.



Some Important Questions



Model Fit





Model Fit for Advertising Data Set

Model Predictors

1 TV 0.61 0.61 3.26
2 Radio 0.33 0.33 4.28
3 Newspaper 0.05 0.05 5.09
4 TV & Radio 0.90 0.90 1.68
5 TV & 

Newspaper
0.65 0.64 3.12

6 Radio &
Newspaper

0.33 0.33 4.28

7 TV, Radio & 
Newspaer

0.90 0.90 1.69



Prediction



Prediction
• Use a confidence interval in the first case.
• Given that $100,000 is spent on TV advertising and $20,000 is spent

on radio advertising in each city, the 95% confidence interval is
[11258, 11563].

• Thus 95% of the intervals of this form will contain the true value of
the average sales.

• To elaborate, if we collect a large number of data sets (perhaps
hypothetical) like the Advertising data sets and we construct a
confidence interval for the average sales in each case (given 100,000
on TV advertising and $20,000 on radio advertising), then 95% of
these intervals will contain the true value of the average sales.



Prediction

• Use a prediction interval in the second case.
• Given that $100,000 is spent on TV advertising and $20,000 is spent

on radio advertising in a particular city, the 95% prediction interval is
[9544, 13278].

• Thus 95% of the intervals of this form will contain the true value of
the sales of that city.

• It is obvious that the prediction interval is substantially wider than the
confidence interval.



Extension of the Linear Model



Removing the Additive Assumption 



Removing the Additive Assumption 

• Given a fixed budget of $100,000, spending half on Radio and half on
TV may result in higher Sales as compared to allocating the entire
amount to either TV or Radio.

• In Marketing, this is known as a synergy effect and in statistics, it is
referred to as an interaction effect.



Modelling Interaction



Regression Table Summary

Coefficients Std. Error t-statistic p-value

Intercept 6.750 27.233

TV 0.019 12.699

radio 0.029 3.241 0.0014

0.001 20.727



Model Fit Summary

Quantity Value

0.9678

0.9673

0.9435
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Interpretation



Non-linear Relationship

• The additive MLR model with TV and Radio as predictors assumed a
linear relationship between sales and the predictors.

• In some cases, the true relationship between the response and the
predictors may be non-linear.

• Here we extend the additive MLR model to incorporate the non-linear
relationships in a linear model by including transformed predictors in
the model.
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Regression Table Summary

Coefficients Std. Error t-statistic p-value

Intercept 5.1371 26.663

TV 0.0509 22.810

Radio 0.0351 5.959

0.0011 31.061



Model Fit Summary

Quantity Value

0.986

0.986

0.624



Some Potential Problems

• Non-linearity of the response-predictor relationship
• Non-constant variance of error terms
• Collinearity
• Non-Normality



Non-linearity of the Response-Predictor Relationship



Residual vs Fitted Plot



Non-constant variance of error terms



Collinearity

• Collinearity refers to the situation in which two or more predictors are
closely related to each other.

• A simple way to detect collinearity is to look at the correlation matrix
of the predictors.

• Unfortunately, the collinearity problems may not be always detected
by looking at the correlation matrix .

• Sometimes collinearity exists among three or more variables even if
no pair of variables has a particularly high correlation.

• This situation is called multicollinearity.



Collinearity



Collinearity

TV Radio

1.003 1.003

VIFs are low for Advertising data set, indicating that the 
collinearity is not significant in Advertising data set.



Non-Normality



Model Fit Summary for Advertising Data Set
Model Predictors

1 TV 0.61 0.61 3.26
2 Radio 0.33 0.33 4.28
3 Newspaper 0.05 0.05 5.09
4 TV & Radio 0.90 0.90 1.68
5 TV & Newspaper 0.65 0.64 3.12
6 Radio &

Newspaper
0.33 0.33 4.28

7 TV, Radio & 
Newspaer

0.90 0.90 1.69

8 0.97 0.97 0.94

9 0.99 0.99 0.62



Marketing Plan
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Marketing Plan



Marketing Plan

• How large is the effect of each medium on sales?
We observed that both TV and radio are related to sales, but

newspaper is not statistically significant.
 To assess the individual effect of each medium on sales, we have

performed three separate linear regressions.
We observed a very strong association between TV and sales, and

between radio and sales.
However, the association between newspaper and sales is a mild

one.



Marketing Plan

• Is the relationship linear?
Residual plots can be used in order to identify non-linearity.
If the relationships are linear, then the residual plots should

display no pattern.
In the case of Advertising data, the non-linear relationship can be

identified in a residual plot.
This non-linear relationship is accommodated here with the

inclusion of interaction term and the transformed predictors
(Model 9).



Marketing Plan
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