Lecture & Examples

Topic 3: Making Inference about the Slope of the Regression Line

We discussed the assumptions necessary about the random error term, , and found an estimate of the variance component, 2. We are ready to discuss the usefulness of our straight-line regression model. Recall that our probabilistic model is

y = 0 + 1x +  

This model is a useful model if 1  0. When 1 = 0, x contributes no information for the prediction of y. Therefore, to test the null hypothesis that the linear model contributes no information for the prediction of y against the alternative hypothesis that the linear model is useful for predicting y, we test

H0: 1 = 0

Ha: 1  0 (or Ha: 1 > 0, or Ha: 1 < 0)

If the data provide enough evidence for us to reject the null hypothesis, we can conclude that x does contribute information for the prediction of y using the straight-line model. Thus, we can view the test as a test of usefulness of the straight-line model.

Before we can complete the above test or construct a 95% confidence interval for the slope 1, we need to know how to find the standard deviation of 1. Suppose we make the same assumptions about  (see Topic 2), the sampling distribution of the least-squares estimator 
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However, (2 is usually unknown. We use 
[image: image7.wmf]s

s

xx

$

b

1

=

SS

 to estimate 
[image: image8.wmf]s

b

$

1


The 95% confidence interval for 
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where the degrees of freedom for t is n 2.

If we want to test the following hypothesis

H0: 1 = 0

Ha: 1  0 

 

The test statistic is 
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 Example 11.5:

Construct a 95% confidence interval for 1 and test the following hypothesis 

H0: 1 = 0 against Ha: 1  0 at  = 0.05 for each of the following cases:

(a) 
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 = 31, s = 3, SSxx = 35, n = 12

Solution:
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(b) 
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 = 64, SSE = 1960, SSxx = 30, n = 18
Solution:

[image: image15.wmf]s

n

s

s

s

s

t

t

s

H

H

t

s

t

t

t

t

xx

2

2

0

025

16

1

0

025

16

0

1

1

1

0

025

16

0

025

16

2

122

5

11

068

2

021

2

120

64

2

120

2

021

59

72

68

28

0

0

64

2

021

31

67

0

05

2

120

2

120

1

1

1

=

-

=

=

=

=

=

=

·

=

±

×

=

±

=

·

=

¹

=

=

=

=

>

=

<

-

=

-

SSE

SS

 (from Tab

le VI in T

extbook)

 95% C.

I.

   

   

 Test

   

   

   Test St

atistic:

 

   Rejecti

on region 

at 

:

 

 or 

   Conclus

ion:

a

c

c

c

e

j

e

j

e

j

.

.

.

.

$

.

.

.

,

.

:

:

$

.

.

.

.

.

$

.

,

.

,

$

$

.

,

.

,

b

b

b

b

b

b

b

a

 reject 

H

0


(c) 
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 = (8.4, SSE = 146, SSxx = 64, n = 24
Solution:
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 Example 11.6:
A study was conducted to examine the quality of fish after seven days in ice storage. Ten raw fish of the same kind and approximately the same size were caught and prepared for ice storage. Two of the fish were placed in storage immediately after being caught, two were placed in storage 3 hours after being caught, and two each were placed in storage at 6, 9, and 12 hours after being caught. Let y denote a measurement of fish quality (on a 10-point scale) after the seven days of storage, and x denote the time after being caught that the fish were placed in ice packing. The sample data appear below.

PRIVATE
y
8.5
8.4
7.9
8.1
7.8
7.6
7.3
7.0
6.8
6.7

X
0
0
3
3
6
6
9
9
12
12

(a) Suppose that we have SSxx = 180, SSyy = 3.729, SSxy = (25.5, 
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 = 6, 
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 = 7.61, and n = 10. Compute SSE, s2, 
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(b) Complete the following SAS output with the information in part (a).

Model: MODEL1

Dependent Variable: Y

Analysis of Variance

                  Sum of     Mean

Source      DF   Squares   Square    F Value   Prob>F

Model      (1)   3.61250  3.61250      (6)     0.0001

Error      (2)      (4)      (5)

C Total    (3)   3.72900

    Root MSE       0.12068     R-square       0.9688

    Dep Mean       7.61000     Adj R-sq       0.9649

    C.V.           1.58574

Parameter Estimates

               Parameter   Standard   T for H0:

Variable DF     Estimate    Error   Parameter=0    Prob > |T|

INTERCEP   1       (7)    0.06609652   127.995        0.0001

X          1       (8)       (9)         (10)         0.0001

Solution:

(1) = 1

(2) = n  2 = 10  2 = 8

(3) = n  1 = 10  1 = 9

(4) = SSE = 0.116 from part (a)

(5) = s2 = 0.0146 from part (a)

(6) = F = MSM/MSE = 3.6125/0.0146 = 247.43
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(c) Plot the sample data with a scattergram.

 

(d) Specify the null and alternative hypotheses you would use to test whether the data provide sufficient evidence to indicate that x contributes for the prediction of y.

Solution:

H0: 1 = 0

Ha: 1  0 

(e) What is the test statistic that should be used in part (d)? Specify the degrees of freedom for this statistic.

Solution:
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degrees of freedom = n ( 2 = 8

(f) Locate the rejection region and state your conclusion for the hypothesis tested in part (d). ( = 0.05)

Solution:

t/2, n 2 = t0.025, 8 = 2.306

Rejection region is: tc > 2.306 or tc <  2.306

We can reject the null hypothesis at  = 0.05, the variable x does contribute information for the prediction of y using the straight-line model.
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