
Simple Regression Model

INSR 260, Spring 2009
Bob Stine

1



Overview 
Simple Regression Model (SRM)

Estimators, terminology

Assumptions

Inference

Prediction

Examples! ! ! ! (both from Stat 102)
Promotion response
Diamond values
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Example: Pricing Diamonds
Questions

How much should I expect to pay for a diamond?
How accurate is such an estimate?
How do prices depend on the weight of the diamond?

Data
n = 180 diamonds, relatively small (less than 0.4 carats)
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Direct Approach
Average the price of diamonds of each weight,
then connect the dots with lines.

Produces a “smooth” curve curve and an 
estimate of accuracy, but does not answer the 
question of how these are related?
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Simple Regression Model
Association versus causation

Equation relates observed x and y   (n cases)
Conditional means:! E Y|X = β0 + β1 X = μy|x

Observations:! ! !   yi = β0 + β1 xi + εi 

Assumptions
Independent observations
Equal variance σ2

Normal distribution around line
! yi ~ N(μy|x,σ2)! ! ! ! εi ~ N(0, σ2)

Three parameters: β0 , β1 , σ2
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Least Squares
Criterion

Find estimates that minimize sum of squared deviations
! ! ! mina0,a1 Σ(yi - a0 - a1 xi)2

Solution 
! ! b1 = cov(x,y)/var(x)!! b0 = y - b1 x

Fitted values, residuals
Fitted values (on the line)! ŷ = b0 + b1 x
Residual deviations!! ! ! e = y - ŷ

Standard error of regression (estimates σ2)
s2 = Σ ei2/(n-2)
degrees of freedom
aka: root mean squared error (RMSE), SD of residuals

cov(x, y) =
P

i(xi−x)(yi−y)
n−1

var(x) =
P

i(xi−x)2

n−1
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Goodness of Fit
R-squared statistic

Square of correlation between Y and X
Percentage of “explained” variation

Adjusted R-squared
Takes account of number of observations

R2 = 
Explained SS

Total SS
=

∑
i(ŷi − y)2∑
i(yi − y)2

= 1−
∑

i e2
i∑

i(yi − y)2

R2 = 1 -  
s2

var(y)
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Checking Assumptions
Scatterplots of Y on X, e on X

Normal quantile plot of residuals
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Inference
Derived from the standard error of the 
intercept and slope

Three equivalent methods
Confidence interval
t-statistic
p-value

Interpretation of estimates, uncertainty?

Intercept

Carat

Term

-162.1909

2312.3973

Estimate

87.42039

284.5074

Std Error

-1.86

8.13

t Ratio

0.0652

<.0001*

Prob>|t|

Parameter Estimates
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Prediction
Interpretation

Where is the population regression line?  (μY|X)
What is the average price of all diamonds that weigh 0.3 carats?

What can be anticipated about a future observation?
How much for a specific 0.3 carat diamond? 
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Prediction/Conf. Interval
Estimates are same for both mean and specific 
diamond

 ŷ != -162.2 + 2312.4 Carats
! = -162.2 + 2312.4 (0.3)
! = $531.52

Intervals differ in anticipated uncertainty
For the average, JMP (use Fit Model to save interval)
! ! ! $509.92!! to ! $553.14
For a single diamond, prediction interval is
! ! ! $243.18!! to!! $819.88
95% Prediction interval is approximately
! ! ! ! ! ŷ ± 2 RMSE
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Diamond Example
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Summary of Fit

Intercept

Carat

Term

-162.1909

2312.3973

Estimate

87.42039

284.5074

Std Error

-1.86

8.13

t Ratio

0.0652

<.0001*

Prob>|t|

Parameter Estimates

Linear Fit
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Interpretation?
Comments?
Problems?
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More Diamonds
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Intercept
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Negative intercept?

Possible to fix?



Log-Log Scale
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Same expanded sample, but on a log-log scale

Clearly a better fit, but what does it mean?
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Log(Carat)

Term

8.5485138
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t Ratio
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Prob>|t|

Parameter Estimates

Transformed Fit Log to Log



Promotion Response
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Summary of Fit

Intercept

Display Feet

Term

93.032311

39.75648

Estimate

18.22782

3.769509

Std Error
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t Ratio

<.0001*
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Prob>|t|

Parameter Estimates

Linear Fit

Sales = 83.560256 + 138.62089*Log(Display Feet)

Intercept

Log(Display Feet)

Term

83.560256

138.62089

Estimate

14.41344

9.833914

Std Error

5.80

14.10

t Ratio

<.0001*

<.0001*

Prob>|t|

Parameter Estimates

Transformed Fit to Log

Bivariate Fit of Sales By Display Feet

Same model, different 
scales on the axes
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coefficient of the log in this model?



Extrapolation
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Summary 
Simple Regression Model (SRM)

Least squares estimators

Role of assumptions

Methods of inference: tests and intervals

Importance of transformations, particularly logs

Prediction, role of extrapolation
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