Chapter 13

13.2

13. 4

13.6

13.8

As shown in the confidence interval fornul a

. 1, (x'-%°2
yxt., Sej'ﬁ Ei:;—jfzyg

when there is a lot of variability in the independent
vari abl e x, the value of the denom nator tends to be | arge
and thus the margin of error tends to be small.

¢ = 17.88 at x = 5.

The farther the x value is fromthe nean of x the wi der wll
be the confidence interval for the expected value of y at
t hat x.

a. The standard error of regression(estimation) is 11.7813.
This is the estimate of the standard devi ati on of
popul ation error termg and is calculated to be

B J ESS J 1110. 3953
S, = =

=11. 7813

n-2 8

b. The t statistic nakes use of the null hypothesis Hy: $ =
O and is calculated as foll ows:

b-$%$  0.7747 - 0

t = = - 1.654
S, 0. 4685 0>
s ? 2
where s = ° = 11. 7813 = 0. 4685
(X, -X) 2 (8.3832)2(9)

c. prob = 0.13678 is the p-value for a two-tail test (Hy: $
= 0vs. Hi $ #0) and is calculated as foll ows:
p-Val ue = 2P(b20 7747) = 2P(t(df=8)21- 654) = 2(0 068) =
0.13678. Because we want one-tail test (Hy $ > 0) the
appropriate p-value is half that reported in the
regression conputer printout; it is 0.0689 or using
EXCEL with “=TDI ST(1.654,8,1)” it is 0.06836.

d. The null hypothesis Hy: $ = 0 cannot be rejected in

favor of the alternative Hy $ > 0 because the 0.0684 p-
value is greater than the 0.01 Type | error |evel
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13.10 a. Using the ASCII file EX13-10.PRN and a conputer program
the regression output is:

Dependent Vari abl e JOBLESS Nunber of Cbservations 12
Mean of Dep. Variable 9. 8667 Std. Dev. of Dep. Var. 6. 172569
Std. Error of Regr. 4.4812 Sum of Squared Residual s 200. 814

R - squared . 52085 Adj usted R - squared . 47294
F( 1, 10) 10. 8704 Prob. Value for F . 00805

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 4.38196 2.107 2.079 . 06426
QUTPUT . 300121 . 9103E-01 3. 297 . 00805 18. 27500 14. 84319

The | east-squares regression equation is
JOBLESS” RATE = 4.38196 + 0.300121 ( QUTPUT)

b. The two-tail p-value is 0.00805 for the slope
coefficient. We can reject the null hypothesis of zero
sl ope value at a Type | error |level as |ow as 0.00805;
we can conclude that there is a significant
relati onship between the jobless rate and the drop in
i ndustrial output.

13.12 Using the ASCII file EX10-19. PRN and a conputer program
the follow ng regression printout is obtained:

Dependent Vari abl e Y1988 Nunber of OCbservations 25
Mean of Dep. Variable 1245480. 0000 Std. Dev. of Dep. Var. 1466643.024052
Std. Error of Regr. 29791. 5852 Sum of Squared Residual s . 204134E+11
R - squared . 99960 Adj usted R - squared . 99959
F( 1, 23) 58143. 4901 Prob. Value for F . 00000

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

I ntercept -8488.10 7909. -1.073 . 29428
Y1986 1. 01264 . 4200E- 02 241. 130 .000001238320. 00000 1448054. 60647

The | east-squares regression equation is

YEAR1988 = -8488.10 + 1.01264 (YEARL986)

To test the hypothesis H: $ =0 vs. Hs $ = 0, the test
statistic is calculated to be 241.1 and is nmuch greater
than the critical t o5 ar=2sy = 2.069; thus, H is rejected
at 0.05 Type | error. We conclude that there is a
significant change in popul ati ons between the two years.
This is an alternative testing procedure to that
undertaken in Chapter 10. In Chapter 12 no testing
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procedures were descri bed because we were only interested
in describing the sanple rel ationship and not making
i nferences about the popul ati on.

13.14 As n is increased, s, is decreased and thus t i s increased,

s 2 _
as shown in the fornulas s, = e - ESS/ (n-2)
Y(x; -X) 2 Y(x; -X) 2
b - 0 . . . . .
and t = — This inplies that increasing the sanple

b

size results in an increase in the power of the test,
because rejection of the null hypothesis becones easier
with a large t value. That is, increasing n tends to |ead
to the rejection of the null hypothesis.

13.16 Although the coefficient of determ nation (r? = 0.9802) is
very high and the slope coefficient has a relatively |arge
t ratio(21.1), the residual plot shows a pattern and
suggests that years are not linearly related to the
returns. Ambitious students may try a semlog |inear
nodel : LnReturn = " + $(Yr) + ,, where LnReturn is the
natural logarithmof the return. Using the ASCII file
EX13-16. PRN and the LI MDEP conputer regression programthe

output is
Dependent Vari abl e LnRet urn Nunber of Cbservations 11
Mean of Dep. Variable 5.0881 Std. Dev. of Dep. Var. . 325492
Std. Error of Regr. . 0137 Sum of Squared Resi dual s . 168814E- 02
R - squared . 99841 Adj usted R - squared . 99823
F( 1, 9) 5639. 2614 Prob. Value for F . 00000

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 4.59776 . 7T725E- 02 595. 149 . 00000
Yr . 980614E-01 . 1306E-02 75.095 . 00000 5. 00000 3. 31662
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PLOT OF RESI DUALS

-. 244E-01 0 . 244E- 01
DS eI V. B Resi dual
1 ; ; * ; . 741E- 02
2 L X ; . 466E- 02
3 ; * ; . -.B639E-02
4 - x : . -. 244E-01
5 ; ; * ; . 206E- 01
6 * . -.129E-01
7 * ; . 683E- 02
8 ; * ; . 141E- 01
9 * ; . -.116E-01
10 D ; . 323E- 03
11 . 135E- 02
Thi s new regressi on equation appears to have a better
description of the relationship. The coefficient of
determnation(r2 = 0.99841) is higher and the sl ope
coefficient has a larger t ratio(75.1). Moreover, the
resi dual plot does not show "<" or ">" patterns.
13.18
300
*
250 -+ . "
L
e 200 "
= 150 o * + Return
F T -
2 Lt = Predicted Return
100 +
o0 T
0 | I
0 2 10 15
. Yr

As in Exercise 13.16 the exponential nature of the returns
can be seen in this scatterplot where the actual returns
are underpredicted at the early and | ater years and
overpredicted in the m ddl e years.
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13. 20 yl on X

y2 on X
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y3 on Xx

y4 on x4
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13. 22

13. 24

Only the regression yl on x seens to satisfy the required
assunptions. The regression y2 on x violates the
assunption of linearity; the second residual plot suggests
a polynom al relationship between y2 and x. The regression
y3 on x violates the assunption of no correlation between
the di sturbance termand the i ndependent variable x; the
third residual plots suggests a patterned rel ationship

bet ween the di sturbance termand x. The regression y4 on
x4 viol ates the assunption of honbscedastic di sturbance;
the variance of disturbance terns seens to be unequal over
t he range of x val ues.

a. True.

b. True.

c Tr ue.

d Fal se. This confidence interval of 10 < E(y|x=20) < 30
does not say that the nean of y is between 10 and 30
with a probability of 0.95. W can say only that under
repeated sanpling, 95 percent of simlarly constructed
intervals would contain the true nmean of y and the
interval 20 =+ 10 may (or may not) be one of those
correct intervals.

e. False. A 95 percent confidence interval for E(y|Xx)
could not be wder than a 95 percent prediction
interval for an individual value of y.

f. False. The decision to reject the null hypothesis
depends on the probability of a Type | error.

g. False. There is no reason to believe that an estimated
b equal s the paranmeter $. We, however, can say that the
nean of b equals $, i.e., E(b) = $.

h. True.

i Tr ue.

] . True.

k. False. The purpose of regression analysis is not
necessarily limted to the prediction of the dependent
variable; it may al so be used for testing, for exanple.

I n Exercise 12.17, b = -0.86059, ESS = 26.7799 and
X(x, -X)?=314.9 were calcul ated.

Thus, the standard error of regression is

ESS 26. 7799
s, :\]_n—Z :\h—s - 1.8296

and the standard error of b is
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) s 11.8296%
s, = — -\B g o - 01031
2(x; -X)

To test the hypothesis Hy: $ = 0 vs. He $ # 0, the test
statistic is calculated as foll ows:

b-%$  0.86059 -0

t = = = -8. 347

S, 0.1031
This t value is beyond the critical -t o5 dq= = -2.306; H
is rejected at "™ = 0.05. W& can conclude that there is a

significant rel ationship between two vari abl es.

13.26 The t of 21.0995 was cal cul ated by (16.3636 - 0)/0.7755.
The P-val ue may be determ ned in EXCEL by the comrand
“=TDI ST(21. 0995, 9, 2)".

13.28 Using the given data in Exercise 12.10 and a conputer
programthe regression output is:

Dependent Vari abl e Y Nunber of OCbservations 5
Mean of Dep. Variable 2. 0000 Std. Dev. of Dep. Var. 2.738613
Std. Error of Regr. . 2226 Sum of Squared Resi dual s . 148649

R - squared . 99505 Adj usted R - squared . 99339
F( 1, 3) 602. 4545 Prob. Value for F . 00015

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 2.00000 .9955E-01 20.091 . 00027
X -. 635135 . 2588E- 01 -24.545 . 00015 . 00000 4.30116

The standard error of regression can be cal cul ated as

ESS 0. 148649
= —_— = —_—, = . 222
Se \ n-2 J 3 0 6
and the standard error of b can be cal cul ated as
s 2 2
s, - e - 0.2226° _ _ 4 o258
A\ X(x; %) 2 (4.30116) 2(4)

These quantities are used in the cal cul ati on of test
statistics. For exanple, 0.02588 is the denom nator of
the calculated t statistic (-24.545) in the above printout
for the slope coefficient.
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13.30 Using the ASCII file EX12-14.PRN and the EXCEL conputer
programthe foll owm ng regression output is obtained:

Primry CGener al SUMVARY OUTPUT
1346 1509
979 1125 Regression Statistics
1378 1278 Multiple R 0. 569094107
1125 1978 R Square 0. 323868102
874 378 Adj usted R Square 0.154835128
1002 1200 St andard Error 482. 3080327
Cbservations 6
ANOVA df SS VS F
Regr essi on 1 445703. 1798 445703.1798 1.916005461
Resi dual 4 930484. 1536 232621. 0384
Tot al 5 1376187. 333
Coefficients St andard Error t Stat P-val ue
| ntercept -375.6344872 1187.014817 -0.316453074 0. 76748506
Primry 1. 450150197 1.047646134 1.38419849 0. 23851455

Thus, at x(nunmber of votes in primary election) = 1200, a
95 percent confidence interval for the expected val ue of
y(nunber of votes in general election) is

. M1 (x* -X)?2
g+t DR P G
(0. 025, df =4) eJ T TREE

1 , (1200 - 1117.3333)?
6 211943

+

1365 + 2. 776( 482. 308)\j

1365 + 597

where § = a + bx" = -375.634 + 1.45015(1200) = 1365 and
X(x, -X)?=(n-1)s? = 5(205.88508) 2 = 211943

Where the standard deviation of x is obtain from EXCEL

wi th the command “=STDEV()"”

The 95 percent confidence interval neans that, for a

candi date who receives 1,200 votes in the primary, if we
repeat the process of estimation of regression equation
and the construction of a confidence interval for the nean
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nunber of votes that the candidate will receive in the
general election, 95 percent of simlarly constructed
intervals would contain the true mean nunber of votes in
t he general election. The interval 1365 + 597 above may
(or may not) be one of those correct intervals.

13.32 a. Using the ASCII file EX12-34.PRN and a conputer program
the follow ng regression printout is obtained:

Dependent Vari abl e SPEED Nunber of OCbservations 7
Mean of Dep. Variable 37.1429 Std. Dev. of Dep. Var. 1.925147
Std. Error of Regr. . 5229 Sum of Squared Resi dual s 1.36725

R - squared . 93852 Adj usted R - squared . 92622
F( 1, 5) 76. 3208 Prob. Value for F . 00033

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 33.7130 . 4395 76. 700 . 00000
EXPRNCE . 7127536 . 8328E-01 8. 736 . 00033 4.71429 2.56348

The sl ope coefficient estimate 0.727536 is significant
at " = 0.1. W can conclude that there is a significant
rel ati onshi p between horse speed and j ockey experience.

b. At x(jockey experience) = 3, a 90 percent confidence
interval for the expected val ue of y(horse-speed) is

. M1 (x* -X)?2
g+t s = s XX X
(0. 05, df =5) eJ " Tk %2

1, (3 -4.71429)°

35.9 7 39. 43

I+

2.015(0.5229)J

35.9 +0.49

I+

where ¥ = a + bx" = 33.7130 + 0.727536(3) = 35.9 and
X(x, -X)? =(n-1)s? = 6(2.56348)2 = 39.43

c. At x =3, a 90 percent prediction interval for an
i ndi vidual value of y is

. 1 (x* -X)?2
Y £ 15 05 df -5 Se\'_ te—= 1

n X(x, -X)?
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1 (3 - 4.71429)2
+ +

35.9 7 39. 43

I+

1

2.015(0.5229)J

35.9 +1.16

I+

13. 34 The P-value is 0.18514; thus, the null hypothesis could be

rejected only if the Type | error |evel was set higher
than 0.18514. At typical Type |I error levels portfolio
returns are not significantly related to the S& mar ket
returns.

13.36 a. The slope coefficient inplies that a one percentage

poi nt increase in industrial production is associated
with a 0.5317 percentage point increase in enploynent.

b. W need to test the hypothesis H: $=0vs. H: $ =0
where $ is the popul ation slope paraneter. At a typical
"level 0.05, we can reject H, because the cal culated t
4.895 is greater than the critical t(gosa=55 = 2.571,
or because the p-value 0.00449 is less than "™ = 0.05.
We can conclude that there is a significant
rel ati onship between a change in industrial production
and change in enploynent in the popul ation.

13. 38 Total sum of squares(TSS) = RegSS + ErrorSS

= 4.6286 + 0.9657

= 5.5943
Error sum of squares or Sum of squared residual s(ErrorSS)
= 0. 9657
Coefficient of determ nation(r? = 0.8274, which indicates
that 82.74 percent of the variability in enploynent around
its mean is explained by the regression.

13.40 Using the ASCII file EX12-42. PRN and a conputer program
the follow ng regression printout is obtained:

Dependent Vari abl e Y Nunber of Cbservations 7

Mean of Dep. Variable 471025.8571 Std. Dev. of Dep. Var. 113755. 802496

Std. Error of Regr. 79442.5144 Sum of Squared Resi dual s . 315556E+11

R - squared . 59358 Adj usted R - squared . 51229

F( 1 5) 7.3025 Prob. Value for F . 04267

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 404495. . 3883E+05 10. 417 . 00014

X

4902. 26 1814. 2.702 . 04267 13. 57143 17. 87789
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The sl ope coefficient estimte 4902.26 is significant at
= 0.05; we can conclude that there is a significant

rel ati onshi p between CEO conpensation(y) and the nunber of
headquartered conpani es(Xx).

13.42 Using the ASCII file EX13-42. PRN (the sanme as EX11-33. PRN
or EMERGL. PRN or LOTUS spreadsheet file EX11-33. VK1) the
conputer regression printout is given below [The wait
time in the energency room for those patients whose stay
extended fromone day to the next, 1440 m nutes(24 hours)
was added to TIMEQUT (tinme of |eaving)].

Dependent Vari abl e WAI TTI ME Nunber of OCbservations 196
Mean of Dep. Variable 95. 3316 Std. Dev. of Dep. Var. 130. 295669
Std. Error of Regr. 127.7801 Sum of Squared Resi dual s . 316759E+07
R - squared . 04317 Adj usted R - squared . 03824
F( 1, 194) 8. 7533 Prob. Value for F . 00348

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept 61.7337 14. 57 4.237 . 00003
AGE 1. 06059 . 3585 2. 959 . 00348 31. 67857 25.52613

The sl ope coefficient estimate 1.06059 is significant at a
typical 0.05 Type | error |evel; we can concl ude that
there is a significant relationship between tine in the
energency room and patient age. Staff should warn ol der
patients to expect a long visit to E.R

13.44 Using the ASCII file EX13-43. PRN and a conputer program
the follow ng regression results may be obtai ned:

Dependent Vari abl e M SERY Nunber of OCbservations 20
Mean of Dep. Variable 13. 2100 Std. Dev. of Dep. Var. 6. 080850
Std. Error of Regr. 3.1867 Sum of Squared Residual s 182. 793

R - squared . 73982 Adj usted R - squared . 72536
F( 1, 18) 51.1822 Prob. Value for F . 00000

Variable Coefficient Std. Error t-ratio Prob|t]|>x Mean of X Std. Dev.of X

Intercept -.613529 2. 059 -.298 . 76918
POLITICS  5.52941 . 7729 7.154 . 00000 2.50000 . 94591

The sl ope coefficient estimate 5.52941 is significant at
the typical Type I error levels, which neans that there is
a significant relationship between the msery index and
political stability.
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13.46 The regression printout in Exercise 12.47 reports that the
t value for the slope coefficient is 85.762, which is
significant at the 0.01 Type | error level; we can
conclude that there is a statistically significant
rel ati onshi p between two vari abl es.

13.48 Answer will depend on data sel ected.

13.50 a. Using the regression result in Exercise 12.52, the
MACHDI F coefficient estimate is significant at an ™
| evel as |ow as 0.00042; we can conclude that there is
a significant relationship between absentee votes and
machi ne votes.

b. A 95 percent prediction interval for an individual
value of ABSDIF at MACHDIF = -564 is

N 1 X * - X) 2
Y £ 1 (0. 025, df -19) Se\'ﬁ * X(:(x——_)_)z +1
i
_ _ 2
- -133. 07 + 2. 093( 324. 838)\j 2_11 . J 516;1880?282367) .1

-133.07 + 721. 64
where X(x, -X)? =(n-1)s? = 20(24372. 25862) *

= 11880139800

c. The observed absentee votes 1025 is not inside this 95
percent of prediction interval, which may suggest there
was fraud in the el ection.

13.52 First, there is heteroscedasticity visible in the scatter
plot. In particular at lower inflation rates there is
nmore variability in the S& 500 P/E Ratio. Second, the
standard error of prediction does not remain fixed as
predi ctions are nade away fromthe nmean of x. The
standard error of prediction increases as we go to nore
extrenme inflation rates.
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