
Answer on Question #73785 – Math – Statistics and Probability 

Consider the following five data points: 

 

𝑋    − 1   0   1 2 3 
𝑌    − 1   1   2 4 5 

 

a) use regression analysis to calculate by hand the estimated coefficients of the 

equation 𝑌 = 𝐵 + 𝐴𝑋 

Solution 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑥 = 𝑥 =
∑ 𝑥𝑖

𝑛
 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑦 = 𝑦 =
∑ 𝑦𝑖

𝑛
 

𝑡𝑟𝑒𝑛𝑑 𝑙𝑖𝑛𝑒: 𝑌 = 𝐵 + 𝐴𝑋, 𝐴 =
𝑆𝑥𝑦

𝑆𝑥𝑥
 , 𝐵 = 𝑦 − 𝐴𝑥 

𝑆𝑥𝑥 =
∑(𝑥𝑖 − 𝑥)2

𝑛
=

∑(𝑥𝑖)2

𝑛
− (𝑥)2 

𝑆𝑦𝑦 =
∑(𝑦𝑖 − 𝑦)2

𝑛
=

∑(𝑦𝑖)2

𝑛
− (𝑦)2 

 

𝑆𝑥𝑦 =
∑(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

𝑛
=

∑ 𝑥𝑖 ∙ 𝑦𝑖

𝑛
− 𝑥 ∙ 𝑦 

 

 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑥 = 𝑥 =
−1 + 0 + 1 + 2 + 3

5
= 1 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑦 = 𝑦 =
−1 + 1 + 2 + 4 + 5

5
= 2.2 

𝑆𝑥𝑥 =
(−1)2 + (0)2 + (1)2 + (2)2 + (3)2

5
− (1)2 = 2 

 

𝑆𝑦𝑦 =
(−1)2 + (1)2 + (2)2 + (4)2 + (5)2

5
− (2.2)2 = 4.56 

 

𝑆𝑥𝑦 =
(−1)(−1) + (0)(1) + (1)(2) + (2)(4) + (3)(5)

5
− (1)(2.2) = 3 

 

𝐴 =
3

2
= 1.5 

𝐵 = 2.2 − 1.5(1) = 0.7 

𝑌 = 0.7 + 1.5𝑋 

 

 



 

(b) compute the standard error and the t-statistics for the coefficient of 

determination of 𝑋  

Solution 

𝑟 =
𝑆𝑥𝑦

√𝑆𝑥𝑥√𝑆𝑦𝑦

 

the coefficient of determination of 𝑋 

𝑟2 =
(𝑆𝑥𝑦)

2

𝑆𝑥𝑥𝑆𝑦𝑦
 

𝑟2 =
(3)2

2(4.56)
= 0.986842105 

𝑟 = 0.993399267 

𝑥 𝑦 �̂� �̂� − 𝑦 (�̂� − 𝑦)2 

−1 −1 −0.8 0.2 0.04 

0 1 0.7 −0.3 0.09 

1 2 2.2 0.2 0.04 

2 4 3.7 −0.3 0.09 

3 5 5.2 0.2 0.04 

𝑆𝑆𝑇 = ∑(𝑦𝑖 − 𝑦)2 = 22.8 

𝑆𝑆𝑅 = ∑(𝑦�̂� − 𝑦)2 = 22.5 

𝑟2 =
𝑆𝑆𝑅

𝑆𝑆𝑇
=

22.5

22.8
≈ 0.986842105 

𝑆𝐸𝐸 = √
∑(�̂� − 𝑦)2

𝑛 − 2
 

𝑆𝐸𝐸 = √
0.04 + 0.09 + 0.04 + 0.09 + 0.04

5 − 2
= √0.1 ≈ 0.316227766 

Standard error of slope 

𝑆𝐸𝐴 =
𝑆𝐸𝐸

√∑(𝑥 − 𝑥)2
 

𝑆𝐸𝐴 =
√0.1

√(−1 − 1)2 + (0 − 1)2 + (1 − 1)2 + (2 − 1)2 + (3 − 1)2
= 0.1 

 

The test for the significance of regression for the data in the table 

The test is carried out using the 𝑡 − test on the coefficient 𝐴. 
𝐻0: 𝐴 = 0 

𝐻1: 𝐴 ≠ 0 

 

 



The test statistic can be calculated using the following equation: 

𝑇𝑒𝑠𝑡 𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐: 𝑡0 =
𝐴 − 0

𝑆𝐸𝐴
=

1.5

0.1
= 15 

This statistic based on the 𝑡 distribution with 3 (𝑛 − 2 = 5 − 2 = 3) degrees of 

freedom can be obtained as follows: 

𝛼 = 0.01 

𝛼 2⁄ = 0.005 

𝑑𝑓 = 𝑛 − 2 = 5 − 2 = 3 

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒: = 5.841 

Statistical conclusion: 

Reject 𝐻0, there is evidence that 𝐴 is not equal to zero and that a significant 

relationship exists between 𝑦 and 𝑥. 
 

The coefficient of non-determination was used in the 𝑡 −test to see if there was 

significant linear correlation. 

The standard error of the estimate is the square root of the coefficient of non-

determination divided by its degrees of freedom. 

𝑠𝑒 = √
1 − 𝑟2

𝑛 − 2
 

𝑠𝑒 = √
1 − 0.986842105

5 − 2
≈ 0.066226618 

The test is carried out using the 𝑡 − test on the coefficient 1 − 𝑟2. 
𝐻0: 1 − 𝑟2 = 1 

𝐻1: 1 − 𝑟2 < 0 

The test statistic can be calculated using the following equation: 

𝑇𝑒𝑠𝑡 𝑆𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐: 𝑡0 =
(1 − 𝑟2) − 1

𝑠𝑒
=

−0.986842105

0.066226618
≈ −14.90098898 

This statistic based on the 𝑡 distribution with 3 (𝑛 − 2 = 5 − 2 = 3) degrees of 

freedom can be obtained as follows: 

𝛼 = 0.01 

𝑑𝑓 = 𝑛 − 2 = 5 − 2 = 3 

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒: = 4.54070 

Statistical conclusion: 

Reject 𝐻0, there is evidence that (1 − 𝑟2) is not equal to 1 and that a significant 

relationship exists between 𝑦 and 𝑥. 
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