Some Calculations to do the Regression example worked by the computer in the handout

Row X; Vi (Xl.—)?)z (xi_x)(yi_y)

1 100 40 90000 6000

2 200 50 40000 2000

3 300 50 10000 1000

4 400 70 0 0

5 500 65 10000 500

6 600 65 40000 1000

7 700 80 90000 6000

20X =2800 Yy =420 Y (x-%) =280,000 . (x-%)(y -¥)=16,500

Now lets compute the slope coefficient using formula (14.6) on page 543.
- 2 (x5 -%)(», )
l Z (x - f)2
16500
' 280,000
b, =.0589286
Since the mean of X is 400, and the mean of Y is 60, formula (14.7) gives the intercept.
b, =¥ —bx =60 —(.0589286)(400) =36.4286

We can use the estimated regression line to generate predicted values, using the fact that

Y =b, +b X, =364286+0589286.X,

— 1 —_— N =7 A\2 —\2 A —\2
Row y=y Y-y y=y (y-7) (y-7) (7-7)
1 -2.3214 -20 -17.6786 5.389 400 312.532
2 1.7857 -10 -11.7857 3.189 100 138.903
3 -4.1071 -10 -5.8929 16.869 100 34.726
4 10.0000 10 0.0000 100.000 100 0.000
5 -0.8929 5 5.8929 0.797 25 34.726
6 -6.7857 5 11.7857 46.046 25 138.903
7 2.3214 20 17.6786 5.389 400 312.532
A \2 —\2 A —1\2
Z(yi_yi) Z(yi_y) Z(yi_y)
= 177.68 = 1150.0 = 0972.32

2 _ Z(JA/I _J_’)z
Y(y-v)

r? =972.32/1150.0 =845496

By equation (14.12) on page 554, r , which in this case is



To calculate the mean square error (our estimate of O g ) we use formula (14.15) on page

561.
A \2
TV 177.68
pe2ion) =35.536
n—2
To get the standard error of estimate, use formula (14.16) on page 561 - (take the square
root)

s =5 =+/35536 =596121

To get the standard deviation of bl > 8), » Use formula (14.18) on page 562.

A
S, —

| Z(xl. _’?)2
_ 5.96121
280,000

=.0112656

A Confidence interval for the slope coefficient.

The (1 -a )% Confidence interval for 181 can created using the following formula: '

B, =b £t oS
2
The t value in question has 5 degrees of freedom in this case; there were 7 observations, but two
were “used up” in estimating bo and b1 , leaving 5. Therefore if one wanted a 95% Confidence interval, it

would be
B, =b % 145,
2
B, =0589286 +(2.571)(.0112656)
B, =0589286+.0289639
H,:B =0
If you were testing the following hypothesis _ using the t-statistic, the observed value of the t
4P

_b -0 _.0589286-0 _ , . »
= = =5.231. The p-value for this test is the probability of an

statistic is ¢

s, 0112656

outcome this far or further from the null of zero, which is P (t <-5.2310&» 5.23 l) . Evaluating this
using Minitab, we discover the p-value is 2%.0017 =.0034 .

The F statistic is calculated by formula (14.21) on page 565,

" A similar, less commonly used formula gives us a confidence interval for the intercept.
By =by £1,8,
2
The formula for computing S, is not given in the book, but Minitab computes it.



_MSR _ > (9~ ¥)/df,
dfiadfz MSE Z yi yi /dfz

where df, is the regression degrees of freedom: in simple regression df; = 1

and df, is our ordinary degrees of freedom, n-2.

97232/1

=273615
177.68/5

Here 11 5 =

Now we turn to predicting for the value x, =550. The predicted value is

$ =b, +b,x, =364286 +(.0589286)(550) =68.8393

The 95% Confidence interval for the mean value of y is given by formulas (14.23) and

(14.24) on page 570.
R l (x0 —)7)2
Y, it%s\/n +—Z(xl_ —f)z
2
1, (550-400)

68.83931(2.571)(5-96121)\/7 280.000

68.8393+7.24098

The 95% Prediction interval for an Individual value of Y is given by formulas (14.26) and

(14.27) on page 572.
*t, 1+ ! +—(x0 _f)z -
5 Z(x,, -X)
1 (550-400)"

68.8393 + (2.571)(5.96121)\/1+— +
7 280,000

68.8393+£16.9507

We can calculate the leverage of each observation using formula (14.33) on p. 592. The
actual calculations are done in the worksheet below.

—\2
hi = l +—(x’ x) >
" Z (x, %)
Rows X, (x‘ _ f)z hi

1 100 90000 0.464286
2 200 40000 0.285714
3 300 10000 0.178571
4 400 0 0.142857
5 500 10000 0.178571
6 600 40000 0.285714
7 700 90000 0.464286



> (x,—X)" =280,000



Finally, we use formula (3.10) and (3.12) on page 96 to calculate the correlation coefficient

etween X and Y: Z(Xi _)_C)(yi _)_/)/(n _1)

BN Sy W Y e ey

L= 16,500/6
¥ J280,000/6+/1150/6
r, = 270 =.919509

¥ (216.025)(13.8444)

We can verify the relationship between the correlation coefficient and the Coefficient of
Determination, as stated in formula (14.13) on page 555.

r,, = (sign of b, )V Coefficient of Determination = +r

919509 = +/.845496

As may be mentioned in class, the other way to calculate the F statistic is by using the
(equivalent) formula that:

rldf, 845496/ 1

. - =273615
dfy.df (l—rz)/dfz (1-.845496)/5

And we know for the special case of simple regression that

t = (sign of )|/ F ,, = +J/273615 =523082




