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Tools allowed: Pocket calculator

Passing rate. 50% of overall total, which 100 points. For detailed grading
Criteria, see the course description.

The exam will be handed back: Not decided

For the maximum number of points on each problem detailed and clear solutions
are required.

[f not indicated otherwise, the disturbance tem u; in the models are assumed to
fulfill the usual requirements of normality, homoscedasticity and independence.




Task 1 (20 points)

Assume the model ¥, = 8, + ot + 1p. where t=1,2,3....,T and that you want to cstimate
B>. You are suggested the following estimator:
Yr=Yi

h=——
T-1 '

(hat is the latest value of Y, (Y1) minus its first value (Y ) divided by T-1.

A. Show that the cstimator b is an unbiased estimator of® 2. What assumption do you
usc in your derivation? Hint: Start by replacing Yy and Y with what they should be
according to the model.

B. Derive the variance of & assuming constant error variance (6°). Do you nced any
further assumptions in your derivation?

C. Calculate the relative efficiency of the QLS-estimator ol Bz and the estimator b .
(Var(OLS-cstimator ol B>} Var(b)) when T=5.




Task 2 (30 points)

Below you find data on three variables (Y, X2 and X3), a correlation matrix and a regression
output for the model 1: Y=+ B.X2+ B3 X3+u.

A. What is the value of R-sq(adj) for the simple lincar regression of Y on X2? Why do
you think it is larger than R-sq(ad)) in the regression below?

B. Perform a simultaneous test of whether the Model 1 can explain any of the variation in
Y. Be careful when specifying the null and alicmative hypothesis in terms of the Beta
parameters, test statistic, degrees of freedom, decision rule and draw a conclusion of
your test. Use significance level 5%.

C. Arc the individual parameter cstimates si gnificantly different from zero on the 5%
level? Specily the null and alternative hypothesis in terms of the Beta parameters and
the test statistic for cach test and comment shortly on the result. Fow do you explain
the difterence in results between the test in task B) and the tests in this Task?

D. Calculate the variance inflation factor for X2 in the regression below and present a
short interpretation of the square root of your result.

Y X2 A3
7 4 1
9 7 2
16 9 5
19 12 8
25 15 10
26 17 14
33 20 17

Correlations: Y; X2; X3;
Y X2

X2 0,990

X3 0,983 0,989

Regression Analysis: Y versus X2: X3
The regression equationis Y = 0,89 + 1,34 X2+ 0,279 X3

Predictor Coel  SE Coel T P

Constant 0,890 3,594 0,25 0,817
X2 1,3436  0,7948 1,69 0,166
X3 0,2791 0,7592 0,37 0,732

S=1,62948 R-Sq=98,0% R-Sq(adj)=97.0%

Analysis of Variance

Source DI 8§ MS
Regression 2 522,81 261,40
Residual Error 4 10,62 2,66
Total 6 533,43

Source DF  Seq SS

X2 ] 522,45 5SS when only X2 is used as explanatory variable
X3 1 0,36 Increase in ESS when X3 is added to X2



Task 3 (6 points)

Which two of the following statements are not correct for the classical lincar regression model
with an intereept Y=+ f2Xa+y,

a) 2i; =0

b) V() =a

¢) EWX)=0

dy E(Y[X) = i+ BaXoitui
¢) E(uX)=0.

D E(uu)=0 i#]

Task 4 (34 points)
Background:

Al a consultation the following question was presented: Has the Swedish municipalitics
provision of energy advice any cffect on the Swedish houscholds clectricity consumption?
Assume that you make an cconometric study of this question by cstimating the following
model:

Model specification and definition of variables

Djog . . .
In (T-'l_) = B, + BainYiog + falnPricejog + BiTion + BTy + Bsl2ign + P713i05 + Uiog
98

where

Dws = consumption of electricity for housing (cottage include) (Mwh) in municipality 7 year
1998, source Statistics Sweden.

Figs = means population in municipality i year 1998, source Statistics Sweden.

Yis = mean income in thousands SEK in municipality # year 1998, sourcc Statistics
Sweden.

Pricegy = price on electricity in municipality #,"6re” per kwh (tax and VAT included). at the
suppliers of electricity that arc listed in "Fasti gheten Nils Holgerssons underbara resa
genom Sverige — En avgilisstudic ™ ycar 1998.

Ty =mean temperature year 1998 in closest measurement peint in municipality i, source
SMHH.



The information variables { in the model 12i95 and 13;95) have been constructed from Sycons
Evaluation of the energy advice in different munici palitics. Three categorics have been
constructed according to:

- Category | (1293 =0, 13,94 = 0): "No or little volume of advice” has been given,
- Category 2 (1295 = 1, 1304 = 0} middle category.

- Category 3 (12i93=0, I3j0y = 1); " Fairly large or large volume of advice” has been
given.

The following has effected the classification: How long time the energy advice service has
been provided during year 98, whether the allocation to energy advice service fall below,
corresponded to or exceeded allocated fund from the Swedish Energy Agency, a qualitative
judgement of energy saving activitics.

About 62% of the 242 in the study included municipalities fell into category 1, 18% in
O category 2 and 20% in category 3.

Tasks

A) Interpret the parameter f..
B) Interpret the parameter B

C) At a formal test of the hypothesis that the energy advice has no effect on the
household consumption of electricity, given the other regressors in the model, an F-
value of 1,0024 was obtained. Carry out the test by first specifying the null and
alternative hypothesis (in terms of the Beta parameters of the model), then present the
test statistic with assumptions, degrees of freedom, decision rule {rcjection region),
C) result and a conclusion.

D) When testing for potential heteroscedasticity the regression of squared residuals (from
O the estimation of the model presented carlicr) against all regressors and all regressors
squared, the squared dummy variables were excluded by the software. Why?

E) TheR? from the regression in Task D) became 5.8%. Carry out the test of
heteroscedasticity described in Task D.




Task 5 (10 points)

When estimating the regression model Y= i+ oXai + with OLS it is assumed that
the cstimated regression line must go through the point (Yy=3, Xp=5). Given the small
data sct below, calculate the OLS-estimates of 3 and P> under this assumption. Hint:
Transform the data so you can use results from the no intereept model (sce below).

v

\f

.,

B B =
co =1 W D 2

The OLS-estimator of the parameter B in the no intercept model Y= X+ w, is
5 _ LY
ﬁ th:! "
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Under the simple linear muodel Yo = 3) + 50X + u,. where tr; ~ N(U,0?)
and given independent pairs of observations (Ye..X0). o . (V. X)), the OLS
estithators are:

B = V-4iX
- (- -1)

—t

RN
o mss _Z(n-T)

n =22 n-—2

——

where ¥, = 3, + 3.4, and where 2(3) =4, E(32) = 85 and 1(8?) = 0? and
further
V(R = =X e
ny (A - X)°

Vi) = —

Vit = ﬁ(l+(M"TfJ

(Yp - ¥h) = a-’(1+-~

Distributional resulis:

=1, )
B2 L so) g
st(3)
7l (n-2) .
~ -2
pe; vin
Coellictent of determination:
pss | rss  L{vi- V)
Iss  T8S S -T)

Coellicient of corvelation:




where r = £v/r?

If we let ¥y = by and X7 = waXo then

e ol T 'y 5 —? bl
Jp = wndy, Jy = (-"-) Jr 77 = wio

1)

Under the multiple linear regression wodel ¥, =3y + 4, Noy 4o+ BN +uy.
where 1, ~ N(0.a%) and given independent vectors of observalions

(7. Xaeeonnn ATET FURIE B S0 TR Vind. the following holds for the OLS es-
Hianadors:

5 RSS L (V: - 3'1)
T = em— T ——————
' n—=f n— i
Ao A (n—b), i=1....k
se(3,)
a* (”'.,“ k) ~ o= k)
i

Uhe multiple coeflicient of determination:

i ESs __ RsS _ g:_() - Y«)_
TS.‘#' I'S'S' - 'S“‘ (}-l . "}__7)'3
Adjusted:
”' - HHS/(N -k
TSS/{n—1)
Toesting Hy : Ja = .. dp =1
oo ESS/Ui-D D (Y. - 7) fU 1)

RS/ (n—k) 2(}_}__}‘,‘)-/(“_#)
Comparing an “old” model with a "new” {larger):

1580w — 125854)/nmber ol new FOETeSE0LS
FEARIL | &

Fo=

RSS,0/{n — number of parameters in the new model)

»l ui .
(12, — )/ munber of new regressors

{1 — R

2,0/ (0 = number of parameters in the new inodel)



Comparing an "nnrestricted” model with a “restricled™:

{(RSSg — RSS 1)/ m _ AR~ W)/ m
RSSepf(n~ky = (U=RL /00— &)

where e is the numbaer of linear constraints aml & is the nuniber of parameters
in the nnrestricied model.

Variance inflation factor:

!

1,[[':,' = Te—r
h’;

Auxiliary regression: .
r o= I/ (k =2)

T =R k¥

where B7 = R* in e regression of ¥y ou the remaining (k - 2) regressors.
4

lests of heteroscedasticity: (all test statistics are evaluated wnder the null hypot-
hesis of no heteroscedasticity)

While's test: Regress 72 awainst (e & - 1 regressors andd the sqgnares of these,
=] ] o l

e g appr s

Lest statistic: n 52 "R V(K= 1)

Glejser test: Regress |i;) against the regressor X'y (one regressor at a time)
Test. statistic: t-test of the slope

Park test: Regress I against (he regressor fu X, (e regressor at a titne)
Test statistic: {-test of the slope

Goldefeld Quandt test of equal variauces in two geparate regressions:
- .. 87 5
Test statistic: ;% ~ gy = kyona ~ k)

Tests of antocorrelatjon:

The Runs test: For £ = munber of runs, where V' = N+ Ny total number of
observations:

'_’.’\! .'\'.‘:
E(R) = -—;‘—._—-H

‘_’:\’1 1\‘3(2!\"] .!\\rg - J\")
NN )

...

—

=

S
|

The Durbin Watson o statistic:

n -~ -~ 2
0= e ()

=1 uy




Brensch Godfrey test: Nullvpotliesis: Hy: pp=pa =2 ... = pr =10

Test statistic: #R? from the regression of i, on the regressors which have pro-

duced iy plus lagged @t up to lag K

n = the munber of observations used in this regression.
- - - . . bl -

Fhe test atadistic is approximately y={i}

Akaike’s information criterion:

P/ sy

I

RV

il

Schwartz's informalion citerion

L T E
S T M
rE

AMallow's € eriterion

RSS,
¢ —

i —(n—dp)

Logistic regression (logit model):

1 ; Py =1
Srerres prmcn v SENRLLY pay TGy

PY = 1) =

l+¢

RSN T Y
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IR Appendix D Srunencal Takfey

TABEF (01

Areas Under the
Standardized Normal
Distribution

0.0
0.1
0.2
0.3
0.4

COUBNN Lihiwios OB ;e gy o in

NN NN N -
o owng -

NN
00~ o

e
o

'3.0

Vet This tablg gives the ars
symanetrical about 2 = . the ared in the lefi-hand 1 15 the
=V 20 0= 02730 Theratug, 1 -] 94 s

Example
Pr(0- 7196} =04750
Pr{Z=196)=05-04750 = 0.025

T e——

.00

0000
0398
0793
1179
1554
1915

.2257
.2580
.2881
.3159
3413

3643
.3849
4032
4192
4332

4452
.4454
4641

4713

4772

4821
.4861
4893
4918
4938

4953

4965
4974
4981
4987

01

0040
0438
.0832
217
1591
1950

2291
2611
2910
3186
.3438

.3665
3869
4049
A207
4345

4463
4564
4649
4719
4778

A4B2a
4864
.4896
4920
4940

4955
4966
4975
4982
A987

.02

.0080
0478
0871
1255
1628
1985

2324
.2642
.2939
3212
3461

.3686
.3888
4066
4222
4357

4474
4573
4656
4726
4783

.4830
4868
4898
4922
4941

4956
4967
A976
4982
4987

.03

0120
0517
0910
1293
1664
2019

2357
2673
.2967
.3238
.3485

.3708
.3%907
4082
4236
4370

4484
.4582
4664
4732
4788

4834
4871
4901
4925
4943

4957
4968
4977
4983
.4988

A the sigithand il of the distribution 1o . 7
SIR12 33 the aren i the cerspEandng ppie o d 0 o

045y

.04 .05

0160 .0199
0357 0596
0948 0987
1331 1368
2700 1736
-2054 2088

2389 2422
2704 2734
2995 3023
3264 3289
3508 3531

3729 3749
3925 3944
4099 4115
4251 4265
4382 4394

4495 4505
4591 4599
4671 4678
4738 4744
4793 4798

4838 4842
4875 4878
A904 4906
4927 4929
4945 4946

4959 4960
4969 4970
A977 4978
4984 4984
4988 4989

0

.06

0239
.0636
1026
1406
1772
2123

.2454
2764
3051
3315
.3554

3770
3962
4131
4279
4406

4515
4608
4686
4750
.4803

.4846
4881
4909
4931
4948

4961
4971
4979
.4985
4989

1 3h) = 20 4% = s,

1.96

07

0279
06735
1064
1443
1808
2157

.2486
2794
.3078
3340
3577

.3790
.3980
4147
4292
4418

4525
4616
4693
4756
4808

1850
1884
A911
4932
4949

4962
4972
4979
4985
4989

.08

0319
0714
1103
1480
1844
2190

2517
.2823
3106
.3365
.3599

3810
.3997
4162
4306
4429

4535
4625
4699
4761
4812

4854
.4887
4913
4934
4951

4963
4973
4980
1986
4920

R

/

-

.09

0359
0753
d14
1517
1879
2224

.2549
.2852
3133
.3389
3621

.3830
A015
4177
4319
A441

.4545
4633
4706
A767
4817

4857
4890

4916

4936
4952

4964
4974
4981
4386
A390

Z 0 Butsiece the conmal deanbur pn is

Sanply



Appendic B Susteal dublos Y

suLL U 2 Example
l‘crcull‘tugu: I’ni.uls ol Pr(t > 2.086) = 0.025
the r Distribution
Prit = 1.725)=005 for df = 20 003
e ey PrQE = 1.725) = 0.10 4
Fiekios for Stenneran wil 1, - ;
T ed  rable 12, Cantundes =
U:uc\r:i :II; Pross, .“-.:\t Yarh. 0 1723
1900 Reprodased by e ) . o __
et Gk, < pr| 025 | o010 | 005 0025 | 0.01 0.005 | 0.001
df ™~ 0.50 0.20 010 | 0.05 0.02 0.010 0.002
1 1.000 3.078 6.314 12.706 31821 63.657 318.31
2 0.816 1.886 2.920 4.303 | 6.965 9925 22.327
3 0.765 1.638 2353 3182 I 4.541 5.841 10.214
4 0.741 1.533 2.132 2776 i 3.747 4,604 7173
5 0.727 1.476 2015 | 2571 ' 3.365 4.032 5.893
6 0.718 1440 1.943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.385 2.998 3.499 4.785
8 0.706 1.397 1.860 2,306 2.896 3.355 4.501%
9 0.703 1.383 1.833 2,262 2.821 3.250 4.297
10 0.700 1.372 1.812 2.228 2.764 3.169 4.144
" 0.697 1.363 1.796 2.2 2.718 3.106 4.025
12 0.695 1.356 1.782 2179 | 2.68]1 3.055 3.930
13 0.694 1.350 1.771 2160 | 2.650 302 31852
14 0.692 1.345 1.761 2145 | 2,624 2977 31.787
15 0.691 1.341 1.753 2131 | 2.602 2.947 3.733
16 0.690 1.337 1.746 2120 2,583 2921 j.686
17 0.689 1.333 1.740 2,110 2.567 2,898 3.646
18 0.688 1.330 1,734 2.101 2.552 2.878 3.610
19 0.688 1.328 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2.528 2.845 3.552
21 0.686 1.323 1.721 2080 | 2518 2,831 3.527
22 0.686 1.321 1.717 2.074 2.508 2819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0.685 1.318 1.711 2.064 I 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 : 2,485 2.787 31.450
26 0.684 1.315 1.706 2056 | 24 79 2.779 3,435
27 0.684 1.314 1.703 2.052 2,473 2771 3.421
28 0.683 1.313 1.701 2.048 2.467 2,763 3.408
29 0.683 1.311 1.699 2045 2.462 2.756 3,396
30 0.683 1.310 1.697 2.042 | 2.457 2.750 3.385
40 0.681 1.303 1.684 2.021 2423 2,704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 | 1.980 2.358 2,617 3.160
X0 0.674 1.282 | 1.645 1.960 2326 2.576 3.090
el e a s

Vates The smaller probabiliny shosn 3t tre of caeh cols 1s 2 a2y i ene tl, the b gor pravatiliny 15 e araain
beth tals.

@
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TARLF D .4
Upper Pereentage
Points of the x*
Distribution

Example

2535 area
Prix* = 10.85) = 0.95 95 area
Pr(y® = 23.83) = 0.25 for di = 20
Pr(y? =~ 31.41) = 0.05
0 1600.55 23.83 3141 -
—
Degrees™ Pr
of freedom - 995 990 975 950 900
1 392704 % 10°'% 157088 x 10°° 982069 x 10-¢ 393214 x 1078 0157908
2 0100251 0201007 0506356 102587 210720
3 0717212 114832 215795 351846 584375
4 206990 297110 84419 710721 1.063623
5 411740 554300 831211 1.145476 1.61031
6 675727 872085 1.237347 1.63539 2204113
7 389265 1.239043 1.68987 2.16735 2.83311
8 1.344419 1.646482 2.17973 2.73264 3.4895+4
9 1.73492¢ 2.087912 2.70039 3.32511 4.16816
10 2.15585 2.55821 3.24697 3.94030 4.86518
1 2.60321 3.05347 3.81575 4.57481 5.57779
12 3.07382 3.57056 4.40379 5.22603 6.30380
13 3.56503 4.10691 5.00874 5.89186 7.04150
14 4.07468 4.66043 5.62872 6.57063 7.78953
15 4.60094 5.22935 6.26214 7.26094 B.54675
16 5.14224 5.81221 6.90766 7.96164 931223
17 5.69724 640776 7.56418 8.67176 10.0852
18 6.26481 7.01491 8.23075 9.39046 10.8649
19 6.84398 7.63273 8.90655 10.1170 11.6509
20 7.43386 8.26040 9.59083 10.8508 12.4426
21 8.03366 8.89720 10.28293 11.5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14.0415
23 9.26042 1019567 11.6885 13.0905 14.8479
24 9.88623 10.8564 12401 13.8484 15.6587
25 10.5197 11,5240 13.1197 14.6114 16.4734
26 11.1603 12,1981 13.8439 15.3791 17,2919
27 11.8076 12.8786 14,5733 16,1513 18.1138
28 12,4613 13.5648 15.3079 16,9279 18.9392
29 13121 14.2565 16.0471 17.7083 19.7677
30 13.7867 14,9535 16.7908 18.4926 20.5992
40 20.7065 22,1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34.7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46,4589
70 43,2752 454418 48.7576 31,7393 55.3290
80 51.1720 53.5400 57.1532 60.3915 64.2778
20 59.1963 61.7541 65.6466 69.1260 73.2932
100" 67.3276 70.0648 74.2219 779295 82.358
*For df preate ian 10040 expicsaur 2—"/'— AT = 7 felea sty snedasd sl normal dbstribene where £ reprosents

tie dae s of feoed un



750

1015308
575364
1.212534

92255
67460
45460

4.25485
5.07064
5.89883

73720
SLF.58412
8.43842
9,29906
10.1653

11.0365
11.9122
12.7919
13.6753
14.5620

154518
16,3444
17.2396
18.1373
19.0372

19.9393
20.8434
21.7494

j.6983
£591.1445
80.6247
90.1332

s
X = table

500

454937

1.38629
2.36597
3.35670

4.35146
5.34812
6.34581
7.34412
834283

9.34182
10.3410
11.3403
12.3398
13.3393

14.3389
15.3385
16.3381
17.3379
18.3376

19.3374
20.3372
21.3370
22,3369
23.3367

24.3366
25.3364
26.3363
27.3363
28.3362

29.3360
39.3354
49.3349
39.3347

69.3344
79.3343
89.3342
99.3341

Saurea Abridead from E 8§ Pearson and 13 0 Hartley, eds | 8 onconr Ra Tablos far Siaty

250

1.32330
2.77259
4.10835
5.38527

6.62568

7.84080

9.03715
10.2188
11.3887

12.5489
13.7007
14,8454
15.9839
171170

18.2451
19.3688
20.4887
21.6049
22,7178

23.8277
24,9348
26.0393
271413
282412

20.3389
30.4345
31.5284
32,6205
33.7109

34.7998
45.6160
56.3336
66.9814

77.5766

88.1303

98.6499
109.141

Repreduced by periussion of the editoss and tusteds of Bomwcnida

Comrtimy Q(_I

100

2.70554
4.60517
6.25139
7.77944

9.23635
10.6446
12,0170
13.3616
14.6837

15.9871
17.2750
18.5494
19.8119
21.0642

22,3072
23.5418
24.7690
259894
27.2036

284120
29.6151
30.8133
32.0069
33.1963

34.3816
355631
36.7412
37.9159
39.0875

40.2560
51.8050
631671
74.3970

855271

96,5782
107.565
118.498

.050

3.84144
5.99147
7.81473
9.48773

11.0705
12,5916
i4.0671
15.5073
16.9190

18.3070
19.6751
21.0261
22.362%
23.6848

24,9958
26.2962
27.5871
28.8693
30.1435

31.4104
32.6705
33.9244
35.1725
36.4131

37.6525
38.8852
401133
41.3372
42.5569

43.7729
55.7585
67.5048
79.0819

92053112
101.879
113.145
124.342

Appendia D S

025

5.02389

7.37776

9.34840
11.1433

12.8325
14.4494
16.0128
17.5346
19.0228

20.4831
21.9200
23,3367
24.7356
26.1190

27.4884
28.8454
301510
31.5264
32.8523

34.1696
35.4789
36.7807
3B.0757
39.3641

+40.6465
41.9232
43.1944
44,4607
45.7222

46.9792
59.3417
71.4202
83.2976

95.0231
106.629
118.136
129.561

hle b Camd

010

6.63491

9.21034
11.3449
13.2767

15.0863
168119
184753
20.0902
21.6660

23.2093
247250
262170
27.6883
29.1413

30.5779
31.9999
33.4087
34.8053
36.1908

37.5662
38.9321
40.2894
41.6384
42,9798

44,3141
45.6417
46.9630
48.2782
49.587%

50.8922
63.6907
76.1539
BB.3794

100.425
112329
124.116
135.807

.005

7.879:44
10.5966
12.8381
14.8602

16,7496
18.5476
20.2777
21.9550
23.5893

25.1882
26.7569
28.2995
29.8194
31.3193

32.8013
34,2672
35.7185
37.1564
38,5822

39,9968
41,4010
42.7956
44.1813
45.5585

469278
48,2899
49,6449
50.9933
52.3356

53.6720
66.7659
79.4900
91.9517

104.215
16.321
128.299
140.169
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TARLE T 2 Upper Percentage Points of the £ Distribution

Example

Pr(F = 1.59) = 0.25

Pr(f -~ 2.42)=0.10

PF(F = 3]4) =

0.05

Pr(f = 526)=0.01

df {for (

denom-

inator
Nz Pr

.25
1 10
05

.25
2 10
.05
01

25
3 .10
.05
01

.25
4 A0
.05
01

.25
5 10
05
01

25
6 .10
05
.0

25
7 10
.05
01

25
8 A0
05
01

25
.10
05
01

1

5.83
39.9
161

2.57

8.53
18.5
98.5

2.02

5.54
10.1
34.1

1.81

4.54

7.71
21.2

1.6%

4.06

6.61
16.3

1.62

.78

5.99
13.7

1.57

3.59

5.59
12.2

1.54
- 3.46
5.32
1.3

1.51

3.36

512
10.6

Source Fram £, 5. Poarsen and M O Hastley, eds, Bromen ik ¢ Taf o/
Reprochigad by permission of tre editors and trnsiees of £ e

for df Ny =10

and Ny = 9
2 3
7.50 8.20

49.5 536

200 216

3.00 3.15
9.00 9.16

19.0 19.2

99.0 99.2
2.28 2.36
5.46 5.39
9.55 .28

30.8 295
2.00 2.05
4.32 419
6.94 6.59

18.0 16.7
1.85 1.88
3.78 3.62
5.79 54

13.3 12
1.76 1.78
146 3.29
5.14 4.76

10.9 9.78
1.70 1.72
3.26 3.07
4.74 4.35
9.55 B.45
1.66 1.67
n 2.92
4.46 4.07
8.65 7.59
1.62 1.63
101 2.81
4.26 3.86
8.02 6.99

4

8.58
55.8
225

323

9.24
19.2
99.2

2.39

534

912
28.7

2.06

4.11

6.39
16.0

1.89

3.52

5.19
1.4

1.79
.18
4.53
9.15

1.72
2.96
4.12
7.85

1.66
2.81
3.84
7.0
1.63
2.69
3.63
6.42

e e

3% area

td

TS¢ aren
s

df for numerator Ny

5

8.82
37.2
230

3.28

9.29
19.3
99.3

241

3.3

9.01
28.2

2.07

4.05

6.26
15.5

1.89

3.45

5.05
11.0

1.79
31
4.39
8.75

1.71
2.88
197
7.46

1.66
273
3.69
663

1.62
2.61
348
6.06

6

8.98
58.2

234

i

9.33
19.3
99.3

2.42

5.28

8.94
27.9

2.08

4.01

6.16
15.2

1.89

3.40

4.95
10.7

1.78
3.05
4.28
847

1.71
2.83
3.87
7.19

1.65
2.67
3158
6.37
1.61
2.55
337
5.80

7

9.10
589
237

3.34

9.35
19.4
99.4

2.43

3.27

B.89
27.7

2.08

3.98

6.09
15.0

1.89

3.37

4.88
10.5

1.78
LX)
4.21
8.26

1.70
2.78
3.7%
6.99

1.64
2.62
3.50
6.18

1.60
2.51
3.29
561

8
9,19
594
239

3.35

9.37
19.4
99.4

2.44

5.25

B.85
27.5

2.08

3.95

6.04
14.8

1.89

3.34

4.82
10.3

1.78
2,98
4.15
B.1¢

1.70
2.75
3.73
6.84

1.64
2,59
3.44
6.03

1.60
2.47
3.23
547

1R, Cabrdes Unisersity Press, Naw y =k

9

9.26
39.9
24

337

9.38
9.4
99.4

2.44

5.24

881
27.3

2.08

3.94

6.00
14.7

1.89

3.32

4.77
10.2

1.77
2.96
4.10
7.98

1.69
272
3.68
6,72

1.63
2.56
3.39
5.91

1.59
2.44
318
5.35

314 526

10 1
9.32 9.36
60.2 60.5
242 243
3.38 3.39
92.3% 940
19.4 19.4
99.4 99.4
2.44 245
5.23 5.22
8.79 8.76
27.2 274
2.08 208
392 39
596 594
14.5 14.4
1.89 1.89
3.30 3.28
4.74 4.71
10.1 9.96
1.77 1.77
2.94 2.92
4.06 4.03
7.87 7.79
1.69 1.69
2,70 2.68
3.64 1.60
6.62 & 54
1.63 1.63
2.54 2.52
3135 331
5.81 573
1.59 1.58
2.42 2.40
314 .10
5.26 518

12

9.4)
60.7
244

3.39

9.41
19.4
99.4

2.45

522

8.74
27.1

208

3.90

59
14.4

1.89
3.27
4.68
9.89

1.77
2.90
4.00
7.72

1.68
2.67
3.57
6.47

1.62
2.50
128
567

1.58
2.38
3.07
5n
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15

9,49
61.2
246
341
9.42
19.4
99.4

2.46

5.20

8.70
269

208

3187

586
14.2

189
3 24
4.62
9.72

1.76
2.87
3.94
7.56

1.68
263
1.51
6,31

1.62
246
322
5.52

1.57
234
3.00
4.96

20

9.58
61.7
248
3.43
9.h4
19.4
99.4
2.46
5.18
8.66
26,7

2.08

1.584

5.80
14.0

1.88
i
4.56
9.55

1.76
2.84
3.87
7.40
1.67
2.59
3.4
6.16

1.6!
2.42
3.15
5.36

1.56
2.30
2.94
4.81

24

9.63
62.0
249

43

943
19.5
99.5

2.46

518

8.64
26.6

2,08

183

5.77
13.9

| 88
3.19
453
9.47

1.75
282
3.84
7.3

1.67
2.58
141
607

1.60
2.40
312
5.28

1,56
2.28
290
4.73

30
9.67
62.3
250
3.44
9.46
19.5
99.5

2.47
517
B.62
26.5
2.08
382
5.75
13.8

1.88
317
4.50
9.38

1.75
2.80
3.81
7.23

1.66
2.56
3.38
5.99

1.60
2.38
3.08
5.20

1.55
2.25
2.86
4.65

40

2.71
62.5
251

3.45

2.47
19.5
99.5

2.47

516

8.59
26.4

2.08

3.80

5.72
13.7

1.88
3.16
4.46
9.29

1.75
2.78
3.77
7.14

1.66
2,54
3.34
5.91

1.59
2.36
3.04
512

1.55
2.23
283
4.57

i for numerator Ny

50

9.74
62.7
252

345

947
19.5
99.5

2.47

515

8.58
26.4

2.08

3.80

5.70
13.7

).88
315
4 44
9.24
1.75
277
375
7.09

1.66
2i52
332
5.86

1.59
2.35
2.02
507

1.54
2.22
280
4.52

60

9.76
628
252
346
947
19.5
99.5
247
5.15
8.57
26.3
208
379
5.09
13.7

1.87
ERE
4,43
9.20

1.74
276
3.74
7.06

1.65
2.51
3130
5.82

1.59
2.34
3.0%
503

1.54
2.21
2.79
4.48

100
9.78
63.0
253
3.47
92.48
19.5
99.5

247
514
8.55
26.2
208
378
566
136

1.87
313
4.41
9.13
1.74
2.75
n
6.99
1.65
250
3.27
8.75

1,58
2.32
2.97
4.96

1.53
219
2.76
4.42

120

9.80
63.1
253

3.47

2,48
19.5
99.5

2.47

5.4

B.55
26.2

2.08
378
5.66
13.6
1.87
3z
+.40
9.1
1.74
2.74
3.70
6.97

1.65
2.49
3.27
5.74

1.58
2,32
2,97
4.95

1.53
2.18
2.75
4.40

200
9.82
63.2
254
3418
9.49
19.5
99.5

2447
5.4
8.54
26.2
2.08
3.77
5.65
13.5

1.87
312
4.39
3.08

1.74
2.73
3.6%
6.93
1.65
2.48
3.25
5.70

1.58
2.3
295
4.9

1.53
217
2,73
436

Appendi D

500

9.84
63.3
254
348
9.42
195
99.5

147

P

514
8.53
26.1
2.08
3.76
5.64
13.5

1.87
LR Y|
4.37

~
985
3.3

254

348
9.49
19.5
99.5
2.47
513
8.53
26.1

2.08

176

5.63
13.5

1.87
j.10
4,36
9.02

1.74
272
3.67
6.68

1.65
2.47
3.23
5.65

1.58
2,29
2,93
4.86

1.53
2.16
2.71
4.31

Stadostrcad Jalides wand

df for
' denain-
¢ inator
Pr Nz

25
10 1
05

.25
10

DSl

R

25

A0,
05
.01

25

10

05

.01

.25
10
.05
.01

25
A0
.05
o1 |

.25
10

035

.01

25
10 |
.05
01

.25
A0
.05
01

{Continued)

< 4
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TABLE .Y Upper Percentage Points of the F Distribution  (Continued )

df for ]
denom-,
inator

Nz

10

1

12

14

15

16

17

20

1.49
3.29
4.96

10.0

1.47
3.23
+4.84
9.65
1.46
3ag
4.75
9.33

1.45
3.14
4.67
9.07

1.44
3.70
4.60
8.86

1.43
3.07
4.54
8.68

1.42
3.05
4.49
8.53

1.42
31.03
4.45
B.40

141
3.00
4.41
B.29

1.41
2,99
4.38
8.18

1.40
297
4.35
8.10

2
1.60
2.92

4.10
7.56

1.58
2.86
3.98
7.21

1.56
2.81
3.89
6.93

1.55
2.76
3.81
6.70

1.53
273
31.74
651

1.52
2.70
3.68
6.36

1.51
2.67
3.63
6.23

1.51
2.64
3.59
6.11

1.50
2.62
3.55
6.01

1.49
2.61
352
593

1.49
2.59
349
585

3
1.60
2.73
3.71
6.55

1.58
2,66
3.59
6,22

1.56
261
349
5.95

1.55
2.56
341
5.74

1.53
2,52
3.34
5.56

1.52
2.49
3.29
5.42

1.51
2.46
3.24
5.29

1.50
2.44
3.20
5.18

1.49
242
316
5.09

1.49
240
313
5.01

1.8
2.38
310
4.94

4
1.59
2.61
3.48
5.99
1.57
2.54
3.36
5.67

1.55
2.48
3.26
5.41

153
2.43
ERE:
52

1.52
239
in
5.04

1.51
2.36
o6
4.89

1.50
2.33
3.00
4.77

1.49
2.31
2.96
4.67

1.48
2.29
2.93
4.58

1.47
2.27
2.90
4.50

1.46
225
2.87
443

df for numerator N,

5
1.59
252
3.33
5.64

1.56
2.45
3.20
532
1.54
2.39
in
5.06

1.52
2.35
303
4.86

1.51
2.31
2.96
+4.69

1.49
2.27
2.90
4.56

1.48
224
2.85
4.44
1.47
222
2.81
4.34

1.46
2.20
2.77
4.25

1.46
2.18
2.74
4.17

1.45
216
2.71
410

6
1.58
2.46
322
539

1.55
2.39
309
507

1.53
2:33
3.00
4.82

1.51
2.28
292
4.62

1.50
224
2.85
4.46

1.48
2.21
2.79
4.32

1.47
218
2.74
4,20

1.46
2.15
2.70
410

1.45
2.13
2.66
4.01
T.d44
211
2.63
3.94

1.44
2.09
2.60
3.87

7

1.57
24
3.14
5.20
1.54
2.34
301
4.89

1.52
2.28
2.9
4.64

1.50
2.23
2.83
4.44

1.49
219
2.76
4.28

1.47
216
2.71
4.14

1.46
213
2.66
4.03

1.45
210
2.61
3.93

1.44
2.08
2.58
3.84

1.43
2,06
2.54
3.77

1.43
2.04
2.51
3.70

8

1.56
2.38
107
5.06

1.53
2.30
295
4.74

1.51
2.24
2.85
4.50

1.49
2.20
2.27
4.30

1.48
2.15
2.70
4.14
1.46
212
2.64
4.00

t.45
2.09
2,59
3.89
1.4
2.06
2.55
379
1.43
2.04
2.51
37

1.42
2.02
2.48
3.63

1.42
2,00
2.45
356

9

1.56
2.35
302
4.94
1.53
227
2.90
4.63

1.51
2.21
2.80
4.39

1.49
216
2.71
419

1.47
212
2.65
403

1.46
2.09
2.59
3.89

T.44
2.06
2.54
3.78

1.43
2.03
2.49
3.68

1.42
2.00
2.46
3.60
1.41
i.98
2.42
3.52

1.41
1.96
2.39
346

10

1.55
232
2,98
4.85

1.52
2.25
2.85
4.54
1.50
2,19
275
4,30

1.48
2.14
2.67
410

1.46
2.10
2.60
3.94
1.45

2.06
2.54

3.80

1.44
2,03
2.49
3.69

1.43
2.00
2.45
3.59

1.42
1.98
2.41
3.51

1.41
1.96
238
3.43

1.40
1.94
2.35
3.37

11

1.55
2.30
2.94
4.77

1.52
2.23
2.82
4.46

1.50
217
2.72
4,22

1.47
212
2.63
4.02

1.46
2.08
2.57
386

1.44
2.04
2.51
173

1.44
2.01
2.46
3.62

1.42
1.98
2.41
3.52

1.41
1.96
2.37
3.43

1.40
1.94
2,34
3.36

1.39
1.92
2.31
3.29

12
1.54
228
2.91
1.71

1.51
2.21
2.79
4.40

1.49
215
2.69
4.16

V.47
210
2.60
3.96

1.45
2.05
2.53
3.80

1.44
2.02
248
367

1.43
1.99
2.42
3.55

1.41
1.96
2.38
346

1.40
1.93
2.34
3.37

1.40
1.3
2.3
1.30

1.39
1.89
2.28
3.23
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Idi for
df for numeratar Ny | denom-
X inalor
15 20 24 30 40 50 nHo 100 120 200 500 R Pr l N;
1.53 1,52 '].52 1.51 1.51 1.50 1.50 1.49 1.49 1.49 1.448 1.48 25
2.24 2.20 2.18 2.16 213 212 211 2.09 2.08 207 2.06 206 10 | 10
2.85 2.77 2.74 2,70 2.66 2 &1 2.62 2.59 2,58 2.56 255 2.54 .05
456 4.41 4.33 4,25 4,17 4.12 4.08 4.01 +4.00 3.96 393 3.91 01 |
1.50 1.49 1.49 1.48 1.47 147 1.47 1.46 1.46 1.46 1.45 1.45 25 |
217 212 210 2.08 2.05 204 203 2.00 2.00 1.99 1.58 1.97 0 Lo
2.72 2,65 2.61 2.57 253 2.51 2,49 246 245 2.43 2.42 240 05
425 410 4.02 3.94 3 86 381 378 371 1.69 366 3.62 3.60 o1
1.48 1.47 1.46 1.45 145 1.44 1.44 1.43 1.43 1.43 1.42 1.42 25 |
210 2.06 2.04 2.01 1.99 1.97 1.96 1.94 1.93 1.92 1.91 1.90 10 12
2.62 2.54 2.51 247 243 2.40 2.38 2.35 2,34 2.32 2.31 230 05 !
401 186 3.78 3.70 362 357 354 347 3.45 3.4 3.38 316 [1]
1 46 1.45 1.44 1.43 142 1,42 142 [IER 141 1.40 140 140 25
205 2.0 1.98 1.96 1.93 1.92 1.90 1.88 1.88 | 86 1.85 185 10 13
253 2,46 2.42 2.38 2.34 2.3 2.30 2126 2.25 2.23 2.22 2.21 05 |
382 3.66 3.59 3.51 343 338 3.34 3.27 328 322 319 317 o !
1.44 1.43 1.42 1.4 1.41 1.4 .40 139 1.39 1.39 1,38 1.38 25
201 1.96 1.94 1.9 1.89 1.87 1 86 1.83 V.83 1.82 1.80 1.80 A0 ! 04
246 2.39 2.35 2.3 227 2.24 222 219 218 2.16 214 213 05 .
366 31.51 3.43 3,35 3.27 322 318 311 3.09 306 3.03 100 (12 I
1.43 141 1.41 140 1.39 1.39 1.38 138 1.37 1.37 1.36 1.36 23
1.97 1.92 1.90 1.87 1.85 1.83 182 1=/9 1.79 1,77 1.76 1.76 A0 13
2.40 2.33 2.29 2.25 2.20 218 216 212 2.1 2.10 2.08 2.07 05 %
352 3.37 3.29 21 313 3.08 3.05 2.98 2.96 292 2.8B9 2.87 01
1.41 1.40 1.39 1.38 1.37 1.37 1.38 1.36 1.35 1.35 1.34 1.34 25
1.94 1.89 1.87 184 181 V.79 1.78 1,76 1.75 1.74 1.73 1.72 10 16
2.35 2,28 2.24 219 2.15 212 2.11 2.07 2.06 2.04 2.02 2.0 0s |
341 3.26 3.18 310 3.02 2.97 2.93 2.86 2.84 2.81 278 275 0
1.40 1,39 138 1.37 1.36 1.35 1,35 1.34 1.34 1.34 1.33 1.33 25
1.91 1.86 1.84 1.81 1,78 1.76 1.75 1.73 1.72 1.71 1.69 1.69 10 v
.31 2.23 219 215 230 2,08 2.06 2.02 2.0 1.99 1.97 i.96 05 "
3.3 3.16 308 3.00 2.92 2.87 2.83 276 2.75 2.7 2.68 2.65 01
1.39 1.18 1.37 1.36 1.35 1,34 1.34 1.33 1.33 1.32 1.32 1.32 25
1 89 1.84 1.81 1.78 1.78% 1.74 1.72 1.70 1.69 1.68 1.67 166 10 8
2:27 219 215 211 2.06 2.04 2.02 1.98 1.97 1,95 1.93 192 05 5
3.23 3.08 3.00 292 2,84 2.78 275 2.68 2.66 2.62 2.59 2.57 01
1.38 1.37 1,316 1.35 1.344 1.33 1.33 1.32 1.32 1.31 1.31 1.30 25
1.86 1.81 1.79 1.76 1.73 1.71 1.70 1.67 1.67 1.65 1.64 1.63 A0 19
2.23 2.16 211 2.07 2.03 2.00 1.98 1,94 193 1.91 1.89 1.88 05
315 3.00 2,92 2.84 2.76 2.71 2,67 2.60 2.58 2.55 2,51 249 .01
1,37 1.36 1.315 1.34 1.33 1.33 1.32 1.3 1.3 1.30 1.30 1.29 .25 |
184 1.79 \.77 1,74 1.7t 1.69 1.68 1.45 1.64 1.63 1.62 1.61 A0 20
220 212 208 2.04 1.99 1.97 1.95 1.91 1.90 1.88 1.86 1 84 .05
2.94 2.78 2.69 2.6+ 2.54 252 2.48 2,441 242 Kol

1.09

2.61

(Continue
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TABLE D.3  Upper Percentage Points of the F Distribution (Comtinued )

df for
f:lenom- df for numerator N,
inator
Ny Pr 1 2 3 4 5 6 7 8 9 10 1
25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38
22 10 2,95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.88
.05 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26
.0t 7.95 5.72 4.82 4.3 3.99 3.76 3.59 3.45 3.35 31.26 318
25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37
24 10 2.93 2.54 2.33 2.19 210 2.04 1.98 1.94 1.9 1.88 1.85
: .05 4.26 3.40 3.0 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.21
.01 7.82 5.61 4.72 14.22 3.90 3.67 3.50 3.36 3.26 337 3.09
25 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.36
2 10 2.9 2.52 2.3 217 2.08 2.01 1.96 1.92 i.88 1.86 1.84
.05 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18
01 7.72 553 4.64 4.14 31.82 3.59 3.42 3.29 3.18 31.09 3.02
.25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35
28 A0 2.89 2.50 2.29 216 2.06 2.00 1.94 1.90 1.87 1.84 1.81
.05 4,20 3.34 2,95 2.71 2.56 2.45 2.36 2.29 2,24 2.19 215
.01 7.64 5.45 4.57 4,07 3175 3.53 3.36 3.23 312 3.03 2.96
.25 1.38 1.45 1.44 1.42 1.41 1.39 1,38 1.37 1.36 1.35 1,35
30 A0 2.88 2.49 2.28 2.4 205 1.98 1.93 1.88 1.85 1.82 1.79
.05 417 3.32 292 2.69 2.53 242 2.33 2.27 2.21 2.16 213
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 317 3.07 2.98 2.9
25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32
40 A0 2.84 2.44 2.23 2.09 2,00 1.93 1.87 1.83 1.79 1.76 1.73
.05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 212 2.08 2.04
01 7.3 5.18 4.3 3.83 3.5 329 3312 2.99 2.89 2.80 2,73
25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.3 1.30 1.29
60 10 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68
.05 4,00 3.15 2.76 2,53 2.37 2.25 217 2.10 2.04 1.99 1.95
01 7.08 498 413 3.65 31.34 312 2.95 2.82 272 2.63 2.56
25 1.34 1.40 1.39 1.37 1.35 1.33 1.3 1.30 1.29 1.28 1.27
120 10 2.75 2.35 213 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.62
.05 3.92 3.07 2.68 2.45 2.29 217 2.09 2.02 1.96 1.9 1.87
.01 6.85 4,79 3.95 3.48 317 2.96 2.79 2.66 2.56 247 2.40
25 1.33 1.39 1.38 1.36 1.34 1.32 1.1 1.29 1.28 1.27 1.26
200 .10 2.73 233 211 1.97 1.88 1.80 1.75 1.70 1.66 1.63 1.60
.05 3.89 3,04 2.65 242 2,26 2.14 2.06 1.98 1.93 1.88 1.84
.01 6.76 4.71 3.88 341 311 289 2.73 2.60 2.50 2.41 2.34
25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24
. 10 2.7 2.30 2.08 1.94 1.85 .77 1.72 1.67 1.63 1.60 1.57
o~ .05 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79
.01 6.63 4.61 3.78 3.32 3.02 2 80 2.64 2.51 2.41 2.32 2.25

12

1.37
1.86
2.23
in

1.36
1.83
218
.03

1.35
1.81
2,15
2.96

1.34
179
212
2.90

1.34
1.77
2.09
2.84

1.31
1.71
2.00
2.66

1.29
1.66
192
2.50

1.26
1.60
1.83
2.34

1.2%
1.57
1.80
2.27

1.24
1.55
1.75
218
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1.36
1.81
215
298

1.35
1.78
211
2.89

1.34
1.76
2.07
2.81

1.33
V.74
2.04
2.75
1.32
1.72
200
2,70

1.30
1.66
1.92
2.52

1.27
1.60
1.84
2.35

1.24
1.55
1.75
219

1.23
1.52
1.72
2.3

1.22
1.49
1.67
2.04

20
1.34
1.76
2.07
2.83

1.33
1.73
2.03
2.74
1.32
1.71
1.99
2,66
1.3t
1.6%
1.98
2.60

1.30
1.67
1.93
2.35

1.28
1.61
1.84
2.37
1.25
1.54
1.75
2.20

1.22
1.48
1.66
2.03

1.21
1.46
1.62
1.97

1.19
1.42
1.57
1.88

24
1.33
1.73

2.03
275

1.32
1.70
1.98
2.66

1.3
1.68
1.95
2.58

1.30
1.66
1.91
252

1.29
1.64
1.89
2447
1.26
1.57

1.79 -

2.29

1.24
1.51
1.70
212

1.24
1.45
1.61
1.95

1.20
1.42
1.57
1.89

118
1.38
1.52
1.79

1.19
141
1.55
1.86

i.18
1.38
1.52
1.79
1.16
1.34
1.46
1.70

40
1.31
1.67

1.94
2.58

1.30
.64
1.89
249

1.29
1.61
1.85
242

1.28
1.59
1.82
2.35

1.27
1.57
1.79
2.30
1.24
1.51
.69
2

1.21
1,44
1.59
1.94

1.18
1.37
1.50
1.76

1.16
1.34
1.46
1.69
1.14
1.30
1.39
1.59

table Coartned

df for numeratar My

50
1.31
1.65
1.91
2.53

1.29
1.62
1.86
2.44

1.28
1.59
1.82
2.36

v.27
1.57
1.79
2,30

1.26
1.55
1.76
2,25

1.23
1.48
1.66
206

1.20
141
1.56
1.88

Y7
1.3
146
1.70
1.14
1.31
1.41
1.63

113
1.26
1.35
1.52

60
1.30
1.64
1.8%
2.50

1.29
1.61
1.84
2.40
1.28
1.58
1.80
2,33

1.27
.56
1.77
226
1.26
1.54
174
2.21
1.22
147
.64
202
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151
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213

1.21
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1.59
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117
1.36
148
1.75

120
1.30
1.60
1.84
2,40
1.28
1.57
1.79
23

1.28
1.54
1.75
2.23

1.25
1.52
1.71
2.17

1.24
1.50
.68
2.1

.21
A2
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232

17
.35
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73
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113
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119
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TABLE D.5A  Durlin-VWatson f Statistic: Signilicance Points of dy and d; 900,05 Level of Signifi

100
150
290

k=1

L

G610
0700
0763
0824
o829
0927
0an
1.010
1.045
1.077
1106
1.133
1.158
1.180
£ 201
122
1.239
1.257
1273
1.288
1.302
316
1.328
134
1.352
1.363
1373
1383
£391
1.402
14N
1419
1427
1435
1442
1478
1.503
1.528
1549
1.567
1.563
1598
1671
1.624
1.635
1645
1.654
1.720
1758

o

100
11356
1332
1.320
1320
Vi
£330
1340
1350
1361
1371
1381
1391
1400
vatl
1420
1.429
1437
1446
1454
1,461
1459
1.476
1.483
1.489
1.496
1.502
1.508
1514
1.519
1.525
1530
1535
1.540
1544
1.566
1.585
1601
1618
1.629
164t
1652
1662
1671
1.679
1,687
1.694
1.746
1.778

Secinwriced Titios

=2

0467
0559
0.629
G697
0658
a8z
0.861
0905
0 940
0982
1.015
1.046
1.024
1.100
1.125
1147
1.168
t.1e8
1.206
1.224
1.241
1.255
1.270
1.284
+.297
1.309
L
1.333
1.342
1.354
1.364
F373
1.382
1,391
1.432
1.462
1.490
1.514
1530
1,554
1.571
1.586
V.600
1.612
1.621
1.634
V.20
1.248

d.

1.896
1.777
1.699
1.641

1.604
1529
1.562
1551

b§a3
1.539
1.536
1,535
1.516
1.537
1.538
1,541
1.543
1,546
1.55%
1.553
1.556
1.560
1,563
1.567
157¢
1.574
1577
1,582
1.584
1,587
1.590
1.594
1.597
1.600
1.615
1.628
1.641
1.652
V.662
1.672
1.680
1.683
1.696
1.703
1.709
1.715
1.762
1.789

ksl

d;

0368
0455
0533
0595
0658
0.5
0767
0814
¢a57
0897
0913
0967
0998
1,025
1.053
1.078
110t
1123
1043
1,162
LAl
1.198
1214
1.229
1.2:44
1.258
2N
1.281
1.295
1.307
1.318
1.328
1,338
1.383
LIC A
1,452
1.481
1.503
1.5235
1.543
1.560
V575
.589
1.602
16113
1.693
1.738

d

2247
2128
26
1928
1846+
1818
1.779
Y 750
1.728
1.71¢
1694
1.6B5
1476
1669
1.664
1.660
1.65G
1.654
1.652
1.65)
1.650
v.650
1.650
1650
1.650
1.651
1.652
1653
1.654
1.655
1.656
1.658
1.459
1.666
1.674
1681
1.68%
1.656
1.7
1.709
1.715
1.721
1.726
£.732
T.73¢
1774
1.79%

k
d

0296

Tobd

0574

0683
€734
o779
0420
0859
0894
0927
0958
0986
1401}
1038
1.062
1.084
LAEE]

1124 &,

1143
1160
1177
1193
+.208
1.222
1.236
1.249
1.261
1.273
1.285
1336

1414
1444
1.471
1494
1.515
£.534
1.550
1.566
1.579
1.592
1.679
1.728

2584
2376 2414
2283
0s12 2177
2094
0632 2030
1977
1915
1,950
1.872
1848
1818
1812
1.797
F.785
A5

1
1
1

1
1
¥
1
1
1
1
!
t
1
1
1

1.
.71
1.720
1378070
1.724
1.727
171
1.735
1.739
1.743
8747
1.751
1.755
1.758
1.783
[N:L

767
759
753
747
743
7319
735
712
710
728
726
724
723
722
722

0213
0316
¢372
4445
0 575
0562
04615
0 664
0710
0.752
G792
4829
0863
0895
0923
0.953
0.979
1.004
1.028
1.058
101
£.C90
1.109
1327
1144
1168
1375
1,190
V204
1.218
1.230
1.287
1.335
1,374
1.408
LKL
1.461
1.487
1.507
1.525
1.542
1.857
1572t
T 665
1718

2822
2.645
2,506
2,390
2.296
2220

2

157

2 804
20610
2023

1
T
1
1
1
1

1
1
t

991

64

D]
920
832
886
1.

B73
461

a5t
Bl

.B25

B1%

a1
4808
603
729

795

]
1
1
1
1
1
¥
1
1
1
1
1.792
I
1
1
1
1
1
1
i
1
1
1
1
1

782
786

J76
I
768

787

767

768
27

72

T74
776

778
783

an2

B2

Ke6

0203
0.258
0328
0339
0447
0 502
0554
0603
0649
0692
0732
0769
0.804
0837
0.868
0.897
0925
0951
0975
0.998
1.c20
1.041
1061
1.080
1007
1004
j 3
1.146
1161
1178
1218
1.261
1334
1.372
1.40:
1431
1.458
1.480
1.500
1518
1.535
1550
165!
1737

31.005
2832
1692
2572
2472
2348
2318
2257
2206
2162
2124
2090
206
2035
2012
1992
1.974
1,958
1944
1.931
1920
1.80%
1.900
1 891
1.884
1877
1.870
1.B44
1.859
1.851
1415
1.822
1.814
1.808
V805
1 802
181
1801
1am
180
1.802
1.801
ez
1831

Aw?

07
0.230
0.286
0343
019§
0.451
6542
{549
0.595
0.617
06
0715
0.751
0784
0816
0.845
0.874
0930
0.926
4.950
0972
0994
1.015
1034
1.053
1.071
1.082
1.104
1120
§.189
1.246
1.294
1.335
1.370
140
1428
V453
1.474
1.494
1512
1.528
1.617
1627

o

1149
2985
2848
2727
2624
253
2461
21335
2339
2290
2245
2.278
21
2 144
rnz
2093
2071
2032
2.034
108
2.004
1931
1973
1.967
1,957
1948
1939
1,932
1924
1.895
1875
1.661
1.850
1842
1837
1831
[E:EL
1829
16827
16827
VB2
1812
184

¥

d

0.147
0.200
025
304
0.356
0.407
0.456
0502
0.547
0.588
0628
0 666
0702
0738
0767
0.734
0826
0854
0.879
0.9%4
G927
0.950
a.91
0.9
1.011
1.029
1.047
1.064
1139
2
1.253
1.298
1.316
1.369
1.399
1.425
1443
1.459
1.439
1506
1.622

1.686

=8

d

3266
ERER
297%
2.860
2757
2667
2589
235
2460
2,497
2360
2118
2280
2246
2216
2188
2164
2140

2120
2102
2085
2069
2.054
2,611

2429
207
2.007
1.937
1.938
1.930
1909
1.894
1.882
1.873
1867
1.861

1.857
1.854
1852
1.850
1847
1.852

cance

=9

0127
0175
0222
0272
0.321
0.369
G416
0.461
0504
0.545
0.564
0.621
0.657
069
0.723
0.753
0782
Q810
0.836
¢ 861
0.885
0.908
0.930
0.951
0.970
4990
1.008
1.089
1136
v212
1.260
1.30t
1.137
1.389
1,197
1.422
1.445
1.465
1.484

3.360
126
G20
2975
2873
2.783
2704
2633
2571
2514
2464
2419
2379
2342
2,09
2.278
2251

2,226
2.293
2.181

2162
2144
2127
212
2.098
2.085
2072
2022
1.986
1.959
1.939
1923
1.910
1.90m

1.893
1.586
1.581

1877
1874

1.608 . 1,862

1.675

1.863

3438
3304
3184
073
294
2845
2,856
273
2,670
2613
2.560
2513
2470
247
2396
2,363
2311
2.3C8
224
2.257
2236
2.216
2198
2,183
2,104
2.149
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2.044
2.010
1.984
1.954
1.948
1,915
1.925
1.916
1,959
1,903
1.898
1.477
1874
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EXAMPLE 1

IMn=d0and k' =4, d; = 1.285 and o, = 1.721. Il a computed d value is less Lthan 1,285,
there is evidence of positive first-order serial correlation; if it is greater than 1,721, there is
no evidence of positive first-order serial carrelation; but il dlies between Lthe lower and the
upper limit, there is inconclusive evidence regarding the presence or absence of positive
firsl-order serial correlation,
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