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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.

2. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.

3. The question paper consists of seven questions. Answer any five questions.

4. All questions carry equal marks.

5. Use of simple non programmable calculator is allowed.

6. Statistical tables are attached for your reference.
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L.

2

State whether following statements are true or false. Give reasons for your answer.

(a) Consistent estimation of parameters is possible in case of errors of
measurement in the explanatory variable X.

(b) Automatic rejection of outliers is not always a wise procedure.
(c) The Granger test is a test of precedence rather than a test of causality.

(d) If there are 15 regressors in the regression model, then there will be 105

zero-order correlation coefficients.

(¢) In the Breush and Pagan Lagrange multiplier test, rejecting the null hypothesis

H,, means the random effects model is not appropriate. (3x5=15)
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(a) Consider a cross-sectional model of petroleum consumption by state :
pcons, = B, + B Reg, + B,price, + ¢; N=50

where pcons = petroleum consumption in the i state
reg = motor vehicle registrations in the i* state

price = price of petrol in the i state
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(i) To investigate the possibility of heteroscedasticity caused by variation
in the size of the states, explain the steps in Breusch-Pagan

methodology.

(i) If the estimated R?= 0.197 for the auxiliary regression, what do you
conclude? State the null and alternate hypotheses clearly. Use a 5%

level of significance.

(iii) If the test shows evidence of heteroscedasticity, then what should be
done about it? (3+3+2)

(b) () Outline the steps involved in using the Durbin-Watson test for detecting

model specification error(s).
(i) Consider the following regression model for wages : :

W= cv;1 + o,Female, + o, Nonwhite. + a,Union, + o Edu, + a Exp, +u
where W. = wages,

Edu, = number of years of education,

Exp. = number of years of experience,

Female, = 1 if female and 0 otherwise,

Nonwhitei = 1 if nonwhite and 0 otherwise, and

Unioni =1 if union member and 0 otherwise.

The regression model was estimated using data from 1289 observations.
Using the estimated residuals from the model, the LM test for omitted
variables was conducted to see if Exp? and the interaction between gender
- and experience (Exper’"Fe:male)i should be added to the regression model.
Describe the test procedure. If R? = 0.025] for the auxiliary regression of
the LM test, conduct the test at a 1% level of significance and state your

conclusion. 7)

PEO.
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3. (a)

5
Exp, = 3999 & a5t 9 W,

Female, = afe #feen 1 2 smur o 2,

Nonwhite, = afe AF-=Ee 1 & s 0 2, 3k
Union, = R’ gfmw A 1 2 swwem 0 R
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Consider the following simple model of income determination :

Consumption function: O, S p R Y ; 0 =B, < 1

t

Income identity : iy

e (=8
Where C = consumption expenditure

Y = income

I = Investment

S = savings

t = time

u = stochastic disturbance term

(i) What is simultaneous equation bias?

B0,
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(ii) Show that OLS estimator Bl is an inconsistent estimator of f3 .
(4+4)

(b) Suppose consumption (C) is linearly related to permanent income (X*):

C = By T BA* 11,

Since X * is not directly observable, adaptive expectation hypothesis is

adopted and following is the ‘estimated equation of the transformed model.

(Annual data for the period 1967-1993 is used)

C, = 1038.403 + 0.4043X, + 0.50009¢,_,
(se) (2501.455) (0.0919)  (0.1213)

() (04151) (4.3979)  (4.1293)
R>=0.8409 d=14162 F=1298.466

Where C = private consumption expenditure at constant prices

X = GDP at constant prices

(i) Write the adaptive expectation hypothesis and derive the transformed

model.
(i) What are short run and long run MPC? Interpret them.

(iii) Test the presence of serial correlation at 5% level of significance.
' (3+2+2)

(F) s Fuko & FERee wa dtg ® R 9w

IO GeT: C
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Bo + B.Y, + 1, U=, <1

FE wEEam: Y, =C, +I(=8)

t

Wal C = IY¥NT =99
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G = 1038.403 + (}.4043)(I + O.SOOOQCH
(se) (2501.455) (0.0919) (0.1213)
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A @) Consider fhe two

8
~yariable regression model :

X = By - BZXi+ui

For given data oD X and Y, using matrix algebra compute B var-cov(p);

R? and Adjusted R

R B R AL 3

(b) Suppose
* is3 X3i o ui

rmally d_tistributed. How will you test the hypotheses B, = P,
(5)

where u. are no
t statistic.

Write down the relevant tes

Wqﬁ‘*ﬁ‘fﬁ’@ﬂtﬁﬂﬁﬁﬁﬂz

(=) 2-

(ﬁ)mﬁ%w@ﬁwﬁmuﬁﬂmﬁmﬁmm%_
Yi:l}l+ﬁ2X2i+B3X3i+u,

mﬁuimm%ﬁaﬁﬂﬁlmﬁzzﬁ3q&mﬂaﬁmqﬂmﬁﬁﬁ?
el wlewr s folaw) .
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(a) Suppose you are conducting a panel data analysis to examine the impact of

education level (X) on individual income (Y) across 10 different individuals
OVer 5 years. You decide to use a fixed effects model to control for individual-
specific effects. The estimated fixed effects model is as follows:
Yit X B0 + Bl)(it T ai & Uit
Where,
Y, represents the income of individual i in year t
X, represents the education level of individual i in year t
a. represents individual-specific effects

U, represents the error term for each observation.

You estimate the following regression results :

Y, =25000+3000X,, +6; + U,

(i) Calculate and interpret the estimated coefficients in the context of this

fixed effects model.

(i) You are conducting a panel data analysis on the same dataset but
decide to use a random effects model instead of a fixed effects model
to analyze the impact of education level (X) on individual income (Y).
Explain the key differences between the fixed effects model and the
random effects model, including their assumptions and when it is

appropriate to use each model. (3+4)

PT.O.
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(b) Consider the following function :
charity, = B, + B,age, + B.income, + B price, + B ,deps, + BMS, + w,

where charity - charitable contribution; price- the opportunity cost of giving

charitable contributions; deps- no. of dependents; MS- marital status; and,

(i) Discuss the Random effects model in panel data analysis. State the

assumptions made by this approach.

(ii) Is it true that the error term of a given cross-sectional unit at two

different intervals are correlated?
(iil) What is the difference between a fixed and random effect model?

(iv) FolloWing are the results of the Hausman test :

Correlated Random Effects - Hausman Test
Test cross-section random effects
Test summary | Chi-square Chi-sq d.f Prob

statistic
Cross-section 15.964273 5 0.0069
random
cross -section random effects test comparisons:
Variable Fixed Random Var (Diff.) Prob.
age 0.102249 0.277063 0.003539 0.0033
income 0.838810 0.852996 0.000830 0.6224
price 0.366080 0.370199 0.000087 0.6595
deps -0.086352 -0.036254 0.000487 0.0232
MS 10.199833 0.199669 0.016167 0.9990
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State the null hypothesis of the Hausman test clearly. What can you conclude

from the above result? (2+2+2+2)

Y. = Bt BX, +lerPU,

i,
Y AR 0wt wd ¥ s e ey @

X o i &t af ¥ Rer & w9 egfy 2
o, AFE FE D YW # Fwiar
U, vas Rl & e sRod sy =t et 2
mlﬁwmvﬁwﬁm I T ¥
Y, =25000+3000X,, 3 & +U,

() 7 R we A & wef ¥ gmhe g A e s s
Fforg!

2T.0.
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charity, = B, + B,age, * B.income, + B price, + B.deps, + BMS, +w,
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T -FFIT 15.964273 5 0.0069
FIH-THIT AT AT Teror o
T AT R = () Prob.
g 0.102249 | 0.277063 0.003539 0.0033
aT 0.838810 0.852996 0.000830 0.6224
o 0.366080 0.370199 0.000087 0.6595
et -0.086352 -0.036254 0.000487 0.0232
MS 0.199833 0.199669 0.016167 0.9990
BT TOHU A I URew W T w9 A 99 IWeT uRum A s
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6. (a) Consider the following model :

Where

P gyl o e

Bia=1

211

T* = desired stock of tractors

X, = relative price of tractors

X, = intérest rate

PTO.
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Using the stock adjustfnent model, the following results are obtained for the

period 1921-1957

TogT, = constant —0.218l0gX; 1 — 0.85510gX; ., +0.86410gT,
(se) (0.051) (0.170) (0.035)
R?=10.987 :

(i) What is the estimated coefficient of adjustment?
(i) What are the short run and long-run price elasticities?
(iiiy What are the corresponding interest elasticities?

(iv) What are the reasons for high or low rate of adjustment in the present

model? (242-:2+42)

(b) Consider the structural equation in the context of omitted variables :

Y, S By BY, F BeZy BZ, tu

1

where Y, and Y, are endogenous variables and Z, and Z, arc exogenous

variables and u is the disturbance term and E(u) = 0.

(i) Can this linear regression model be estimated by the OLS? Why or

why not?

(i) If Z, is used as an instrumental variable then what conditions should be

satisfied to estimate instrumental variable estimators?

(ili) Write down the reduced form equation for this model?
How will you test the correlation between Y, and instrumental variable

Z3 (2+243}
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TogT, = constant - 0218logX,, | ~0.855l0gX, ., +0.864l0gT _,

(se) (0.051) (0.170) (0.035)
R%=0.987
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a8 3R E(u) = 0.
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7. (a) Assume that the true population regression equation is Y, = B+ B, Xt
Assume further that the agsumptions of the Classical Linear Regression
Model are satisfied but we are not able to observe the actual values of
V. The observed values of Y * differ from the actual values as follows:
L P Y, te; where g denotes the measurement error in Y. The model
ostimated is therefore Y, =B, + 8, X, tu) T & Show that the estimated

slope coefficient is an unbiased estimator of the true B.. What is the effect

of measurement error in dependent variable on var( Bz )? Clearly state the

necessary assumptions. (7)

(b) Using grouped data on number of families having medical insurance at different

income (X)) levels, the following logit model was estimated :

s
Li '—‘]ﬂ[l__?):ﬁl +BX +y

1

The model was estimated using WLS and after appropriate transformation

the estimated logits for two different income levels are given below :

Income (in Rs. 1000) | Estimated Logit
20 ~-0.3478
3 ‘ 0.2352
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(1) Calculate the estimated probabilities for the two income classes and

interpret them. Can the estimated probabilities be less than 0 or greater

than 1 ? Explain.

dP.
(i) Show that §=B2Pi(1_Pi). What is the estimated change in

1

probabilities for the two income levels given above if estimated

B, = 0.18917 (4+4)

() o AT &R ot SHRe gk wiEer Y, = B+ B, X + u B dm
W A e wRew ew AR W 9 AT 9 o ¥ AR
B Y % drias qed w Rlem e § wem A8 21 Y @ 3@ W A
T A ¥ PRTER B B 8 Y = Y, 4 wEl ¢ ¥ W AR
Y, ® T & R SRERE WeE Y, = (B, + B, X, + u) + &, R

B AT geaorn IenE @8l B, W uw Fww seeE 21 var(f,) W
R R ¥ W g W e T R? W W A EwE @ @) 9

(@) e (X)) w0 W Rifven o aam a0 wRad 9 S W e
W F ITAN T gY, Meffaw @it diea @ A oETEr YRm T

L; =]n[I—Pi jzﬁl +B,X; +u;

e A FTAH WLS & IR el oFIl T A 3R SRE uRader &
T N F-IFE IE E o e sgmke difte R R o F

£ 1.0
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Income (in Rs. 1000) | Estimated Logit
20 —0.3478
32 0.2352

@) A s oW & T s witerast o ToEn i ik S e
A F R WREAT 0 ¥ ww A 1 ¥ aftrs B w27 e
ki

dp :
(ii) d—X‘_=BzP-[(}—Pi) ) eAiwl ol s B, = 0.1891 2, & FW Ty

WA oI E @ e wReas ¥ A aRadsw @ 27
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878 Appendix D Statistical Tables

TABLE D.1 Example
Axeag Undex the Pr(0<Z<1.96) = 0.4750
Standardized Normal S ’

Distribution Pr(Z P 196) =0.5-04750 = 0.025

a 1.96

z .00 .01 02 .03 04 .05 06 .07 .08 09

0.0 | .0000 .0040 .0080 .0120 .0160 .019% .0239 .0279 .0319 .0359
0.1 | .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 ].0793 .0832 .0871 .0910 .0948 .0987 .i026 .1064 .1103 .1141
0.31.1179 .1217 .1255 1293 .1331 .1368 .1406 .1443 .1480 .1517
0.4 | 1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
0.5 .1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224

0.6 | 2257 .2291 2324 2357 .2389 .2422 2454 .2486 .2517 2549
0.7 | 2580 .2611 .2642 .2673 2704 2734 .2764 .2794 2823 .2852
0.8 | 2881 .2910, .293% .28967 .2995" .3023 .3051 .3078 .3106 .3133
0.9 | .3159 3186 3212 -3238 3264 .3289 .3315 .3340 .3365 .3389
BA1303438 34610 3485 (3508 3531 3554 .3577 .359% .3621

3643 .3665 3686 .3708 .3729 .3749 .3770 .37%0 .3810 .3830
3849 3869 3888 .3907 .3925 3944 3962 .3980 .3997 .4015
4032 4049 4066 .4082 4099 4115 4131 4147 4162 4177
4192 4207 4222 4236 4251 4265 4279 4292 4306 .4319
4332 4345 4357 4370 .4382 .4394 4406 4418 4429 .444)

4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
4454 4564 4573 4582 4591 4599 4608 4616 4625 .4633
4641 4649 4656 4664 4671 .4678 4686 4693 4699 .4706
4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
4772 4778 4783 .4788 4793 4798 4803 .4808 .4812 .4817

4821 4826 4830 .4834 4838 4842 .4846 4850 .4854 4857
2.2 | 4861 .4B64 4868 4871 4875 .4878 4881 4884 4887 .4890
2.3 | 4893 4896 4898 .4901 .4904 .4906 .4909 4911 .4913 4916
2.4 | 4918 .4920 4922 4925 4927 4929 4931 .4932 4934 4936
2.5 | 4938 4940 4941 .4943 4945 4946 .4948 4949 4951 4957

2.6 | 4953 4955 4956 4957 .4959 .4960 4961 4962 .4963 .4964
2.7 | 4965 4966 .4967 4968 .4969 4970 .4971 4972 4973 .4974
2.8 | 4974 4975 4976 .4977 4977 .4978 4979 4979 4980 .498]
2.9 | 4981 .4982 4982 .4983 .4984 .4984 .4985 4985 4086 .4986
3.0 | 4987 .4987 .4987 .4988 .4988. .4989 4989 4989 4990 4990

NN.——‘—-}——I—J R T PSR VR R S §
W obmNO WhwiDs o

Nore: This table gives the arca in the right-hand tail of the disrribution (i.e., Z = 0). But since the nonmal distribution is
symmetrical about Z = 0, the area in the leN-hand 1a:l is the same a4 the area in the corresponding right-hand til. For example,
Pi(—1.96 < Z < 0) = 0.4750. Therefore, P(—1.96 < Z £ 1.96) = 2(0.4750) = 0.95.
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TABLE D.2

Percentage Points of
the ¢ Distribution

Source. From E. 8. Pearson and
Q. Hartley, cds., Biomewika
Tables for Statisucuans. vol. 1,
3d ed.. table 12. Cambridge
University Press, New York,
14966, Reproduced by
permission of the editors and
trustoes of Biometrika.

Example
Pr(t > 2.086) = 0.025

20

Appendix D Statsistical Tobles 879

Pr(t>1.725) =005 fordf=20
Pr(it > 1.725) = 0.10
3
0 1.725

Pr | 025 0.10 0.05 0.025 0.01 0.005 | 0.001
W~ 050 | 020 | a0 0.05 002 | 0010 | 0002

1 1.000 | 3078 | 6314 | 12706 |31.821 | 63.657 | 318.31
2 0816 | 1.886 | 2920 | 4303 | 6965 | 9925 | 22327
3 0765 | 1.638 | 2353 | 3.182 | 4.541 | 5841 | 10.214
4 0741 | 1.533 | 2132 | 2776 | 3.747 | 4604 7.173
5 0727 | 1476 | 2015 § 254 | [W3365 | 4.032 5.893
6 0718 | 1.440 | 1943 | 2447 | 3143 | 3.707 5.208
7 0711 | 1415 | 1895 | 2365 | 2.998 |- 3.499 4.785
8 0706 | 1.397 | 1.860 | 2306 | 2.896 | 3.355 4.501
9 0703 | 1383 | 1833 | 2262 | 282 3.250 4.297
10 0.7000| 1372 bai812 2228 i 2764 | 3169 4.144
11 0.697 1.363 1.796 2.201 2.718 3.106 4.025
12 0695 | w3s6 W gz |.2379 . | 2681 3.055 3.930
13 0604 | WiSD [Wr71 | 246D | 2650 | 3.012 3.852
14 0692 Lt 348 b 1761 | 214594 2624 | 2077 3.787
15 0.691% 1381 | 1@s3 Joz2331 | 2602 | 2947 3.733
16 0.690 | 1.337 | 1.746 | 2120 | 2.583 | 2921 3.686
17 0689 | 1.333 | 1740 | 2110 | 2567 | 2.898 3.646
18 0688 | 1.330 | 1.734 | 2101 | 2552 | 2878 3.610
19 0688 | 1.328 | 1.729 | 2093 | 2539 | 2861 3.579
20 0.687 1.325 1.725 2,086 2,528 2.845 3.552
21 0686 | 1.323 | 1721 | 2080 | 2518 | 2831 4597
22 0686 | 1.321 | 1.717 | 2074 | 2508 | 2819 3.505
23 0685 | 1.319 | 1.714 | 2060 | 2500 | 2.807 3.485
24 0685 | 1318 | 1.711 | 2064 | 2492 | 2797 3.467
25 0684 | 1316 | 1.708 | 2060 | 2485 | 2787 3.450
26 0684 | 1315 | 1.706 | 2056 | 2479 | 2779 3.435
27 0684 | 1.314 | 1.703 | 2052 | 2473 | 2771 3.421
28 0.683 | 1.313 | 1.701 | 2048 | 2467 | 2.763 3.408
29 0683 | 1.311 | 1699 | 2045 | 2462 | 2.756 3.396
30 0683 | 1.310 | 1.697 | 2042 | 2457 | 2750 3.385
40 0.681 | 1.303 | 1.684 | 2021 | 2423 | 2704 3.307
60 0679 | 1.296 | 1.671 | 2.000 | 2390 | 2.660 3.232
120 0677 | 1.289 | 1658 | 1980 | 2358 | 2617 3.160
00 0674 | 1.282 | 1645 | 1960 | 2326 | 2.576 3.090

Note: The smaller probability shown at the head of cach column is the area in one tail; the lasger probability is the area in

both tails.
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880 Appendix D Sratistical Tables

TABLE D.3 Upper Percentage Points of the F Distribution
Example

Pr(F > 1.59) = 0.25

Pr(F >242)=0.10 fordf N =10

Pr(F > 3.14) = 0.05 and N =9

Pr(F > 5.26) = 0.01

0 3.14 5.26
df for
denom-
B df for numerator Ny
N {Pr 1 2 3 4 5 6 7 8 9 10 11 12
25 5,835 *x 50 8.20 B.58 8.82 8.98 9.10 9.19 9.26 9.32 9.36 9.41
1 10 399 49.5 538 55.8 57.2 38.2 58.9 50.4 59.9 60.2 60.5 60.7

05, 481 \200, [ 2iswl 22SME 230 F34 237 ¢ 2398 241 242 243 244

25 257 3.00 3.15 323 . 328 3.31 3.34 3:45 3.37 3.38 3.39 3.39
2 .10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.40 9.41
05185 19.0 19.2 19.2 19.3 193 194 19.4 19.4 19.4 19.4 19.4
01 985 99.0 992 993 99.3 99:3 99.4 99.4 99.4 99.4 99.4 99.4

25 202 2.28 2.36 2.39 2.41 242 243 2.44 2.44 2.44 245 2.45
3 10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.22
05 10 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.76 8.74
.01 341 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 27.1 271

25 1.81 2.00 2.05 2.06 2.07 208 2.08 2.08 2.08 2.08 2.08 2.08°
4 J0° 454 4.32 4.19 411 4.05 4.01 398 3.95 3.94 3.92 3.91 3.90
05 il 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.94 5.91
01 212 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 14.5 14.4 14.4

25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89
5 10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.28 3.27
.05 6.61 579 541 519 5.03 4,95 4.88 4.82 4.77 4.74 4.71 4.68
01 163 133 121 11.4 11.0 10.7 10.5 10.3 10.2 104 9.96 9.89

.25 1.62 1.76 1.78 1.79 1.7¢9 1.78 1.78 1.78 1.77 1.77 177 1.77
6 30 378 3.46 3.29 3.18 311 3.05 3.01 2.98 2.96 2.94 2.92 2.90
.05 5.99 514 4.76 4.53 4.39 4.28 4.21 4.15 410 4.06 4.03 4.00
01 137 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 772

25 1.57 1.70 1.72 172 1.71 1.71 1.70 1.70 1.69 1.69 1.69 1.68
7 .10 3.59 3.26 307 2.96 2.88 2.83 2.78 2,75 2.72 2.70 2.68 2.67
.05 5.59 4.74 4.35 4.12 3.97 3,87 379 3.73 3.68 3.64 3.60 3:57
01 122 9.55 8.45 7.85 746 7219 6.99 6.84 6.72 6.62 6.54 6.47

25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 1.62
8 10 3.46 3.11 292 281 273 2.67 2,62 259 2.56 2.54 252 2.50
.05 5.32 4.46 4.07 3.84  3.69 358  3.50 3.44 3.39 3.35 3.31 3.28
01 113 8.65 7.5% 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.73 5.67

.25 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58
.10 3.36 3.0 2.8% 2.69 2.61 2,55 2(5% 2.47 2.44 242 2.40 2.38
.05 512 426 @ 3.86 3.63 3.48 3.37 3.29 323 318 3.4 3.10 3.07
.01 108 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 518 5.1

Source: From E. 5. Pearson and H. O. Hartley, eds., Biometrika Tables for Statisticians, vol. 1. 3d ed , table 18, Cambridge University Press, New York, 1966,
Reproduced by permission of the editors and trustees of Biomeirika.

B0,
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df for
df for numerator Ny degony
e inator
15 .20 24 30 40 50 60 100 120 200 500 oo Pr N2
9.49 9.58 9.63 9.67 9.71 9.74 9.76 9.78 9.80 9.82 9.84 2850 - 25
61.2 1.7 62.0 62.3 62.5 62.7 62.8 63.0 63.1 63.2 63.3 63.3 10 1
246 248 249 250 251 252 252 253 253 254 254 254 .05
3.41 3.43 3.43 3.44 3.45 3.45 3.46 3.47 3.47 3.48 3.48 3.48 .25
9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.48 9.49 9.49 9.49 .10 2
19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 .05
99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 .01
2.46 2.46 2.46 2.47 2.47 2.47 2.47 2.47 2.47 2.47 2.47 247 .25
5.20 5.18 5.18 517 516 .85 515 5.14 5.14 5.14 5.14 5.13 10 3
8.70 8.66 B.64 B.62 8.59 B.58 8.57 8.55 8.55 8.54 8.53 853 .05
26.9 26.7 26.6 26.5 26.4 26.4 26.3 26.2 26.2 26.2 26.1 26.1 .01
2.08 2.08 2.08 2.08 2.08 2.08 208 2.08 2.08 2.08 2.08 208 .25
3.87 3.84 3.83 3.82 3.80 3:80 " 279 3.78 3.78 3.77 3.76 3.76, . 10 4
5.86 5.80 577 5.75 572 5.70 5.69 5.66 5.66 5.65 5.64 5.63 .05
14.2 14.0 13.9 13.8 13.7 13.7 13.7 13.6 13.6 13.5 13.5 13.5 .01
1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.87 187 .28
3.24 3.21 3.19 3.17 3.16 395 3.14 344 3.12 3.12 311 3.1 .10 5
4,62 4.56 4.53 4,50 4.46 4.44 443 4.41 4.40 439 437 436 .05
9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04 2.02 .01
176 176 175 0ml. 75N 75 175 74 174 W74 174 hJA, 174 25
2.87 2.84 2.82 2.80 278 2.77 2.76 275 2.74 273 2.73 292 A0 :
3.94 3.87 3.84 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 3.67 .05 6
7.56 740 7.31 7.23 7.4 7.09 7.06 699 6.97 6.93 6.90 6.88 .01
1.68 1.67 1.67 1.66 1.66 1.66 1.65 1.65 1.65 1.65 1.65 1.65 .25
2,63 2.59 2.58 2.56 2.54 2.52 2.51 2.50 2.49 2.48 2.48 247 .10
3.51 3.44 3.41 3.38 3.34 3.32 3.30 3.27 3.27 3.25 3.24 323 95 ?
6.31 6.16 6.07 5.99 5.91 5.86 5.82 5.75 5.74 5.70 5.67 5.65 .01
1.62 1.61 1.60 1.60 1.59 1.59 1.59 1.58 1.58 1.58 1.58 1.58 .25
2.46 2.42 2.40 2.38 2.36 2.35 2.34 2.32 237 2.31 2.30 229 0
3.22 3.18 312 3.08 3.04 2.02 3.01 2.97 2.97 295 294 293 .05 #
5,52 5.36 5.28 5.20 512 5.07 5.03 4.96 4.95 4.9 4.88 4.86 .01
1.57 1.56 1.56 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 153 25
2.34 230 2.28 228 o 223 2.22 2.21 2,19 2.18 Z.17 2.7 236 10
3.01 2.94 2.90 2.86 2.83 2.80 2.79 2.76 2,75 273 2.72 2721 .05 L
4.96 4.81 4.73 4.65 4,57 4.52 4.48 4.42 4.40 4.36 4.33 4.31 01

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

df for
denom-
inator df for numerator N,
N |Pr 1 2 3 4 5 6 Z 8 9 L 12
25 T WO LB VRS 130 ise Wb, 156 i The 1o iak
1o [0 323T e omy il 25 246 241 U238 B3s o233 230 32
050 498 4B SIS WEEs 33 39> 304 307 302 298 o4 ool
DL 005, JoF  6sb SO 564039 BED 506 4DA  AB5. 477 4
A3 VAR Se AR VS ESE Assh s iBS 183 ez 183 18
1 pe0  REME 2BEG0BE 288 R4S 2390334 BEg 037 275 233 299
By ABLMASIOR |« 38Dundle  BIEN. 300 Bar - 3050 Jep 285 sm2c oo
AU - 2657 7EKL 60 SfG Sa7 Mbb' 48y WUaM\ 46P 454 446 4o
230 thel 1Sl TR wed SRl ey W1 Y1307 140 1ae
12 [0 318 . 281 (261 248 239233 228 224,221 219 217  31%
08 (S BBOMR dad,  3OBWR B) o 3ef 285 280 - 275 277 269
OF 933 693 595 541 506 482 464 450 439 430 422 416
25 Tes M55 - RsSmgnise™ Nisa,  apsEeRl1.50 #4049 T4 vuE 0 Y47 | A4
13 |10 3440 i276  (GLEWAN243 088, PR #2230 5230 216 244 212 230
37 467 B T3al 308 WS L2930 1383 277 271 267 363 260
01 907 670 574 521 486 462 444 430 419 410 402 39
25 Ak 1s8 0 VoS ellEd  aBTWCISI 145 T48 0 3947 146 146 145
14 |10 L300 273 2sp laRS (231 %924’ 219 215 292 210 208 208
D5 4600 394 . 334 VRl Tgs Fo8s 976 BJ0 285 280 257 253
01 886 651 556 504 469 446 428 414 403 394 386 3.80
25 143 152 152 151 149 148 147 146 146 145 144 144
15 |10 307 270 249 236 227 221 216 212 209 206 204 202
05 454 1368 329 36 290 279 271 264 259 254 251 248
01 868 636 542 489 456 432 474 400 3.8 380 373 367
25 142 151 151 150 A8 147 146 145 144 144 144 143
16 |10 305 267 246 233 224 218 213 209 206 203 201 199
05 - 4497 363 B34 0301 285 . 274, 266 239 254 249 246 242
01 853 623 529 477 444 420 403 389 378 369 362 355
125 1.42 1.51 1.50 1.49 1.47 1.46 1.45 1.44 1.43 1.43 1.42 1.41
10 303 264 244 231 222 215 210 206 203 200 198 1.9
W hus . 445 355 320 295 281 T 270 261 255 249 245 241 238
01 840 611 518 467 434 410 393 379 368 359 352 346
25 141 150 149 148 146 145 144 743 142 142 141 1.40
. A0 301 2620 242 229 220 213 208 204 200 198 19 193
8 |05 am 355 336 293 277  Bes 258 251 246 241 237 234
01 829 601 509 458 425 401 384 371 360 351 343 337
25 141 149 149 147 146 144 143 142 141 141 140 1.40
40 299 261 240 T2@27 248 211 0206 202 98 19 194 191
05 438 352 303 290 274 263 254 248 242 238 234 231
01 818 593 501 450 417 394377 363 352 343 236 330
25 1407 149 148 146 145 144 143 142 14 140 139 1.39
0 297 259 238 225 216 209 204 200 196 194 192 1.89
20 los 435 349 310 287 271 260 251 245 239 235 231 228
01 810 585 494 443 410 387 370 356 346 337 329  3.23

PLO.
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; df for
df for numerator Ny denom:
. inator
15 20 24 30 40 50 60 100 120 200 560 o0 Pr Nz
1.53 1.52 152 1.51 1.51 1.50 1.50 1.49 1.49 1,49 148 148 25
2.24 2.20 2.18 2.16 238 202 211 2.09 2.08 2,07 206 2.06 .10 10
2.85 2508 de 270 266 264 262 259 258 256 255 234 05
4.56 4.41 4.33 425 417 412 4.08 4.01 4.00 3.96 393 391 .01
1.50 1.49 1.49 1.48 1.47 1.47 1.47 1.46 1.46 1.46 1.45 1.45 25
217 2.12 2.10 2.08 205 204 2.03 2.00 2.00 1.99 1.98 1.97 7 0 1
2.72 2.65 2,61 2.57 251, su2 51 2.49 2.46 245 2.43 242 240 .05
4.25 4,10 402 394 3.86 3.81 3.78 - 3.71 3.69 3.66 3.62 3.60 01
1.48 147 ° 1.46 1.45 1.45 1.44 1.44 1.43 1.43 7.43 1.42 1.42 .25
2.10 2.06 2.04 2.01 1292 1.97 1.96 1.94 1.93 1.92 1.91 1.90 10 12
2.62 2.54 2.51 2.47 243 240 2.38 238 2.34 232 2.31 2.30 .05
4.01 3.86 3.78 3.70 3.62 357 3.54 3.47 3.45 341 3.38 3.36 01
1.46 1.45 1.44 1.43 1.42 ~ 1.42 1.42 1.41 1.41 1.40 140  1.40 25
2.05 2.01 1.98 1.96 193  1.92 1.90 1.88 1.88 1.86 1.85 1.85 10 13
2.53 2.46 242 2.38 2.34 2.31 2.30 2.26 2.25 223 2.22 2:21 05
3.82 3.66 3.59 3.51 3.43 3.38 3.34 3.27 3.25 3.22 319 37 01
1.44 1.43 T.42 1.41 1.41 1.40 140 139 1.39 1.39 138 « 138 .25
2.01 1.96 1.94 1.91 1.89 1.87 1.86 1.83 1.83 1.82 1.80 180 10 14 :
2.46 2.39 2.35 2.3 2.27 2.24 2.22 2.19 2.18 2.16 2.14 233 .05
3.66 3.51 343 3.35 3.27 322 3.18 e i 3.09 3.06 303 3.00 .01
1.43 1.41 1.41 1.40 139 1.39 1.38 1.38 1.37 1.37 136 1.36 25
1.97 1.92 1.0 1.87 1.85 1.83 1.82 1.79 1.79 1.77 1.76 1.76 10 15
2.40 289 2.29 2.25 2,20 2.18 2.16 212 2,11 2.10 2.08 2.07 05
352 3.37 3.29 3.21 3.13 3.08 3.05 2.98 2.96 2.92 2.89 2,87 01
1.41 1.40 1.39 1.38 1.37 1.37 1.36 1.36 335 1.35 1.34 1.34 25
1.94 1.89 1.87 1.84 1:8he BFS | N8 THIEe., 1S L T 1 T R Y
2.35 2.28 224 219 295 212 o 0Pt 20 2044 2o VD 05 L
3.41 3.26 3.18 3.10 3.02 297 293 2.86 284 2.81 278 275 .01
1.40 1.39 138 137 1.36 135 135 134 1.34 134 1.33 133 .25
1.91 1.86 1.84 1.81 WZB | hZ6 ST e g B | 1.69  1.69 .10 17
2.31 223 29" A0S 210 208 206 202 201 1.99 .97 igs 05 |
337 316 3.08  3.00 292 ZETCSAB. 278 2.75 2T 2.68 265 .01
1.39 1.38 37 1.36 1.35 1.34 1.34 133 1335 1.32 1.32 1.32 25
1.89 1.84 1.81 1.78 1.75  1.74 1.72 1.70 1.69 1.68 1.67 1.66 10
2.27 2.19 2.15 2.1 206 2.04 2.02 1.98 1.97 1.95 1.93 1.92 .05 te
3.23 3.08 3.00 2.92 284 278 275 2.68 2.66 2.62 259  2.57 .01
1.38 1.37 1.36 1.35 1.34 %33 1.33 1.32 1.32 1.31 .31 1.30 .25
1.86 1.81 1.79 1.76 1.73 73 1.70 1.67 1.67 1.65 1.64 1.63 A0
2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.94 1.93 1.91 1.89 1.88 .05 12
3.15 3.00 292 2.84 2.76 271 2.67 2.60 2.58 2.55 2.5% 249 01
1.37 136 -il35 1.34 1.33 1.33 1.22 1.31 1.31 1.30 1.30 1.29 .25
1.84 1.79 V.27 1.74 1.721 1.69 1.68 1.65 1.64 1.63 1.62 1.61 .10
220 212 208 204 199 197 195 191 190 188 186 184 05 | 20
3.09 2.94 2.86 2.78 2.69 264 2.61 2.54 2.52 2.48 244 242 .01

(Continued)
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25

ge Points of the Distribution (Continued)

df for numerator N;

df for
denom-
inator
Ny Pr 1 2 3 4 5 6
25 TAE A8 Niar © WAk et ad 1.42
55 A0 285 386 2@m iass g 2.06
05 430 344 305 287 24 2.55
O, 7P 872 s’ a3y agd 3.76
25T 180 147 GEET 144 o crdn
s 10298 254 g3 e iWoung s
05" | 496 - 3405001 278 %k e
AV ER 58t Uzl 4 s Lo
25 . 138 148 | pa5 Seast a4 94
e 0 29 25 EBY 217 208 201
05 498 BEr 208 . agr Moey s
O - 772 553 464404 387 339
25 - W38 146 145 43 741 14do
™ A0 2891 250 U2D9 246 208  2h
05 4200 U884 . @Hs 271 L 9hR 20
01 764 545 457 407 a5 353
25 138 145 144 142 141 139
5 A0 288 © 249 228 214 205 198
05 AN 332 283 Uzee WGER Waan
Ol 736 589 "UB) aga. Agg S 347
25 136 144 142 140 139 137
i 10 284 244 223 209 200 193
03 408 323 284 261 245 232
01 731 518 431 383 357 329
25 1880 147 1410 438 137935
J00C 279 2390 g Zo4 195 137
60 .05 4.00 £ ) 2.76 2.53 2.37 2,25
01 7.08 498 413 365 334 312
25 134 140 139 137 135 133
J0 275 235 213 199 190 182
L e
01 685 479 395 348 317 296
25 1,33 139 138 _0B6Y. B34 | 19
JO0 273 233 SAml S s . dtn
200 05 389 304 265 242 226 @ 214
01 676 471 388 341 311 289
25 132 139MEA37 135 133 e
J0 271 230 208 194 185 177
= 05 384 300 260 237 221 210
OF 663 461 378 332 302 280

7

1.41
2.01
2.46
3.59

1.40
1.98
2.42
3.50
1.39
1.96
2.39
3.42
1.39
1.94
236
3.36
1.38
1.93
233
3.30

1.36

© 187

225
3.12

1.33
1.82
2:17
2495
1.31
1.77
2.09
2.79

1.39 -

1.75
2.06
2.73

1.29
1.72
2.01
2.64

-SRI T
8 9
140 139
197 193
240 234
345 335
139 138
194 191
236 230
3369 3.7¢
138 %37
192 1.88
T8 Gy
329 3.8
138 1.37
190 1.87
229 224
373 Sz
37 138
188 1.85
237 2
317 307
135 1.34
183 179
Lie v
299 289
132 13
177" 174
210 2.04
282 o272
130 1.29
172 1.68
202 196
266 256
109 ' 128
170 1.66
1.98 1.93
2.60  2.50
1.28 1.27
167  1.63
1.94 188
251 241

1.33
1.76
2.08
2.80

1.30
1.71
1.99
2.63

1.28
1.65
1.91
2.47
1.27

1.63
1.88

241

1.25
1.60
1.83
2.32

11 12
1.38 1.37
1.88 1.86
2.26 223
3.18 3.12
1.37 1.36
1.85 1.83
2.21 2.18
3.09 3.03
1.36 .35
1.84 1.81
218 235
3.02 2.96
1.35 1.34
1.81 1.79
215 2.2
296 2.90
135 1.34
1.79 1.77
2.13 2.09
291 2.84
1:32 1.31
1.73 1.71
2.04 2.00
2.73 2.65
1.29 1.29
1.68 1.66
1.95 1.92
2.56 2.50
127 1.26
1.62 1.60
1.87 1.83
2.40 2.34
1.26 1.25
1.60 1.57
1.84 1.80
2.34 2.27
1.24 1.24
1.57 .55
1.79 1755
2.25 2.18

PTO.
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a af for
denom-
df for numerator Ny S
15 20 24 30 40 50 60 100 120 200 500 o Pr Nz

1.36 d a2 Talr bt . 1A sl 1,290 199 128 1125
1.81 Ve 173 ~Aa0 A2, 55 1e4 Udghe 160 - 189 58 187 agE 5
2.15 307 203 9B mgkiger 189  atey W 182 180 178 .05
2.98 S83 275 267 258 253, 2E0 242 240000236 233 231 01

1.35 133 132 131 nB0. Megeiios  T2eaEMERR27 127 126 25

1.78 17a 170 .67 e JHaliietie AR RO BRIt i S4  1E3 ok,
211 303 (198 194 41890 MEE 184 18Gasigan 177 ] 75, gRay
2.89 274 966 258 v2.49 - g0 233 WZSUSMEEAT 5224 228 .00

1.34 1.32 1.31 1.30 1.29 1.28 128 1.26 1.26 1.26 125 125N
1.76 1.2 1.68 1.65 1.61 1.59 1.58 1,55 1.54 1.53 1.51 1.50 .10

2.07 1.99 1.95 1.90 1.85 1,82 1.80 1.76 1.75 1.73 1.71  1.69 .05 26
2.81 2.66 2.58 2.50 242 236 2‘.33 2,25 223 219 216 213 01
1.33 1.31 1.30 1.29 128 | 1.2% g2 126 it 23 1.25 124 124 25
1.74 1.69 1.66 1.63 {5y NElES 7 1.56 1.53 152 1.50° 1.49 148 .10 38
2.04 1.96 191 1.87 1.82 1L.79 v 1.71 1.69 167 165 .05
2:75 2.60 252 244 235, 230 226 4230 217 2.13 209 206 .01
1.32 130 ' 1.29 1.28 1.27 1.26 1.26 125 1.24 1.24 i s SR
1.72 1.67 1.64 1.61 157 SHLSS 1.54 1.51 1.50 1.48 147 146 .10 30
2.01 1.93 1.89 1.84 1.79 1.76 1.74 1.70 1.68 1.66 164 1.62 .05
270 2.55 247 239 230 225 2.21 2.13 211 2.07 2,03 201 .01
1.30 1.28 1.26 1225 1.24 1.23 1828 etian] 1.21 1.20 IFHOTSH0 S L2
1.66 1.61 1.57 1.54 1.51 1.48 147 143 1.42 1.41 1.39  1.38 .10 40

1.92 1.84 1.29 1.74 1.69 1.66 1.64 1.59 1.58 155 15301 151 .05
2.52 2.37 2.29 2.20 211 206 202 194 192 1.87 1.83 1.80 01
1.27 125 1.24 1.22 1.21 DD SR I 117 1.16 Tdsiasis” 25
1.60 1.54 1.51 1.48 144 141 1.40 1.36 1.35 1.33 1.3t 123 A0 :
1.84 1.75 1.70 1.65 1.59 156 153 148 147 1.44 1.41 132 05 &9
235 2.20 212 203 1.94 1.88 1.84 1.75 173 1.68 163 1.60 .01

128 12 Noi Nas  aas  viE L BaElanaa iR LT C LI0NGes
155 148 (148 141 (437 usshiei. 127 s EEnv4s MiazmaMion 10
175 166 16t LSS 150 146 amew 137 SENGTE sy (REERY 1.250 .05 20
218 203 195 186 iwl7e 170 LAy 1.5E dlissiiead4n TSR 1380 L0

123 121 a0 @ae 16 o 4R 2  ai. F1a0 109" TI0B sl geeel s |
1.52 1.46 142 1.38 1.34 . 1.31 1.28 1.24 1.22 1.20 Tl 7 'L'H:‘ AC

75 16l Mir 1e ks rad  peEoNERean Al TZelvyeas. aiiiMekas: 1t S0
513 197 189 179 169 963 188 T8 TEA 1399 - B33 odmer o
122 ate 1im dide 114 W i JBiEC 108 Danar Toslaeiin” S
1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 kS 1.08 1.00 10
167 157 i52 146 139 W3S 137 @4 L2o%ecity @i 1.08n-adsEl oSS
2.04 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 1.15 1.00 01
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EABLEPDA e Exarnple -
pper Percen 2 o area
Points of the y° Prix® = 16.85) < 0.95 95% area
Distribution Pr(x?>23.83)=025 fordf=20
Prx? > 31.41) = 0.05
5% area
32
0 10.85 23.83 31.41
Degrees™Pr | b Sy
of freedom 995 990 - .975 950 .900
1 392704 1077 157088 x 10~? 982069 x 10-° 393274 x 10-® 0157908
2 0100251 .0201007 0506356 102587 210720
3 0717212 -114832 215795 .351846 .584375
4 206990 © o =297110 484419 10721 1.063623
3 411740 :554300 .831211 1.145476 1.61031
6 .6?572? .872085 1,237347 1.63539 2.20413
7 .989265 1.239043 1.68987 216735 2.83311
8 1.344419 1.646482 217973 2.73264 3.48954
9 1.734926 2.087912 2.70039 3.32511 4.16816
10 2,15585 2.55821 3.24697 3.94030 4.86518
11 2.60321 3.05347 3.81575 4.57481 5.57779
{2 3.07382 3.57056 440379 5.22603 6.30380
13 - 3.56503 4.10691 5.00874 5.89186 7.04150
i4 - 4.07468 4.66043 5.62872 6.57063 7.78953
15 4.60094 5.22935 6.26214 7.26094 8.54675
16 5.14224 5.81221 6.90766 7.96164 9.31223
17 5.69724 6.40776 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
25 8.03366 8.89720 10.28293 11.5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14.0415
23 9.26042 10.19567 11.6885 13.0905 14.8479
24 9.88623 10.8564 12.4011 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 13.1211 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 323574 34.7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46.4589
70 43.2752 45.4418 48.7576 51.7393 55.3290
80 511720 53.5400 571532 60.3915 64.2778
90 59.1963 61.7541 65.6466 69.1260 L
100* 67.3276 70.0648 74.2219 77.9295 82.3581
*For df greater than 100 the expression ﬂP-— 2k — 1) = Z follows thc standardized normal distribution, where & represents

the degrees of freedom.

RT.0C,
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750 500 250 .100 050 025 010 005

1015308 454937 1.32330 2.70554 3.84146 5.02389 6.63490 7.87944
575364 1.38629 2.77259 4.60517 5.99147 7.32776 9.21034 10.5966
1.212534 2.36597 4.10835 6.25139 7.81473 9.34840 11.3449 12.8381
1.92255 3.35670 5.38527 7.77944 9.48773 11.1433 13.2767 14,8602
2.67460 4.35146 6.62568 9.23635 11.0705 12.8325 15.0863 16.7496
3.45460 5.34812 7.84080 10.6446 12.5916 14.4494 16.8119 18.5476
4.25485 6.34581 9.03715 12.0170 14.0671 16.0128 18.4753 20.2777
5.07064 7.34412 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
5.89883 8.34283 11.3887 14.6837 169190 . 19.0228 21.6660 23.5893
6.73720 9.34182 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
7.58412 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
8.43842 11.3403 14.8454 18.5494 21.0261 233367 26.2170 28.2995
2.29906 12.3398 15.9839 19.8119 223621 24.7356 27.6883 29.8194
16.1653 © 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 :31.3193
11.0365 14.3389 18.2451 223072 24,9958 27.4884 30.5779 32.8013
11.9122 15.3385 19.3688 23.5418 26.2962 28.8454 31.9999 34.2672
12.7919 16.3381 20.4887 24.7690 27.5871 30.1910 33.4087 35.7185
13.6753 17.3379 21.6049 25.9894 28.8693 31.5264 34,8053 37.1564
14.5620 18.3376 22.7178 27.2036 30.1435 32.8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1696 37.5662 39.9968
16.3444 20.3372 24.9348 29,6151 32,6705 35.4789 38.9321 41.4010 -
17.2396 21.3370 26.0393 30.8133 33.9244 36.7807 40.2894 42.7956
18.1373 22.3369 271413 32.0069 35.1725 38.0757 41.6384 44,1813
19.0372 23.3367 28.2412 33.1963 36.4151 39.3641 42.9798 45.5585
19.9393 24,3366 29.3389 34.3816 37.6525 40.6465 44,3141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
21.7494 26.3363 31.5284 36,7412 40.1133 43.1944 46.9630 49.6449
22.6572 27,3363 32.6205 37.9159 41.3372 44,4607 48.2782 50,9933
23.5666 28.3362 33.7109 39.0875 42.5569 45.7222 49.5879 52.3356
24.4776 29.3360 34.7998 - 40.2560 43.7729 46.9792 50.8922 53,6720
33.6603 39.3354 45.6160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 49.3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
52.2938 59.3347 66.9814 74.3970 79.0819 83,2976 88.3794 91.9517
61.6983 69.3344 77.5766 85.5271 90.5312 95.0231 100.425 104.215
71.1445 79.3343 88.1303 96.5782  101.879 106.629 112.329 116.321
80.6247 89.3342 98.6499 107.565 113.145 118.136 124116 128.299
90.1332 99.3341 109.141 118.498 124.342 129.561 135.807 140.169

Source: Abndged from E 8. Pearson and H. O Havtley. eds., Brometrika Tables fior Statisticians. vol. 1, 3d ed.. table 8, Cambridge University Press, New York, 1966,
Reproduced by permission of the editors and trusices of Biomerrika,
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150
200

0.610 1.400

¢.700
0.763
0.824
0.879
0.927
0.971
1.010
1.045
1.077
1.106
1.133
1158
1.180
1.201

1.221

1239
1.257
1.273
1.288
1.302
1316
1.328
1.341

1.352
1.363
1373

1.383
1.393

1.492

1.411

1419

1427

1.435
1.442
1.475
1.503
1.528
1.54%
1.567
1.583
1.598
161

1624
1.635
1.645
1.654
1720
1.758

1.356
1.332
1.320

1320 |

1.324
1337
1340
1.350
1361

1.371
1.381

1.397

1.401

1411

1.420
1.429
1.437
T.445
1454
1.461

1.469
1.476
1.483
1.489
1,496
1.502
1.508
1.514

1519
1.825
1.530
1535
1.540
1544

1.568
1.585

1601

1.618
1.629
1.641

1.652
1.662

1.671
1.679
1.687
1.695
1.746
1778

1.706
1.748

1.760
1.789

1.674
1.681
1.689
1.696
1.703
1.709
1715
.72
1726
1.732
1.736
1.774
1.799

29

3.005
2,832
2.692
2.572
2.472
2388
2318
2257
2.206
2.162
2124
2.090
2.061
2.035
2.012
1.992
1.974
1.958
1.944
1931
1.920
1.909
1.900
1.8%1
1.884
1.877
1.870
L8864
1.859
1.854
1.835
1.822
1.814
1.808
1.805
1.802
1.801
1.801
1.801
1.801
1.802
1.803
1.817
1.831

0.171
0.230
0.286
0.343
0,398
0457
4502
0.549
0.595
0.637
0.677
0.715
0.751
0.784
0.816
0,845
0.874
0.900
0,926
0.950
0.572
0.994
1015
1.034
1.053
1.071

1.088
1.104
1.120
1.189
1.246
1.294
1.335
1.370
1.401

1428
1.453
1474
1.404
1.512
1.528
1.637
1,697

3.149
2.985
2848
2727
2,624
2.537
2.461
2.396
2339
2.290
2246
2,208
2174
2144
2,117
2093
2,071
2052
2.034
2018
2,004
1.991
1979
1.967
1.957
1.948
1.939
1.932
1.924
1.895
1.875
1.861
1.850
1.843
1.837
1834
1.831
1.829
1.827
1.827
1.826
1.832
1.841

0.147
0.200
0251
0.304
0.3536
0.407
G,456
0.502
0.547
0.588
0.628
0.666
0.702
0.735
0.767
0.798
0.826
0.854
0.879
0.904
0.927
0.950
0.971

0.991

1.011

1.029

1.047
1.064
1.13%
1.201

1.253

1.298
1.336
1.369
1.392
1.425
1448
1.469
1.489
1.506
1.622
1.686

3.266
3111
2979
2.860
2757
2667
2589
252

2.450
2.407
2350
2318
2.280
2.246
2.216
2.188
2064
2141

2120
2102

2,085

2.068
2.054

2.041

2028

2017

2.007
1.997

1.958
1.930
1,909

1,894
1.882

1.873
1.867
1.861

1,857
1.854
1,852
1.850
1.847
1.852

“0.127
0175
0.222
0.272
0.321
0.369
0416
0.461
0.504
0.545
0.584
0.621
L.657
0.691
0.723
0.753
0.782
0.810
0.836
0.861
0.885
d.908
0.930
0.951
0.970
0.990
1.008
1.089
1.15¢
1.212
1.260
1.301
1.337
1.369
1.397
1422
1448
1.4865
1.484
1.608
1.675

PTO.
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. e T
JECER MWMM——MMMW“#M !
; g=18 = k=2
=11 k=12 K=13 Kot w15 K=16 Ragpye k=18 i altP

n @ dy d4 dy d dy d d &

e
16 0098 3.503 — e — S5 e £ el :
17 0.33% 3.378 0.087 3957 = = - — — —_ o — s

b
|
|

18 0177 3.265 0.123 344l 0078 36030 = — —_ —_— — — — - — — 5

19 0.220 3.59 0.160 3.335 0111 3.496 9070 3642  — - —— - — —_— — — e 45 — =
30 0263 3063 0200 3234 0.143 3395 0100 3542 0063 3&76 —  — o b e R T T
51 0307 2976 0240 3141 0382 3300 0132 3448 0001 3583 0058 3705 = e e

20 0349 2897 0281 3.057 0220 3211 0166 3338 0120 3.495 00831 3619 glosz) ATaNEEE S <1 S
23 0391 2826 0322 2972 0259 3128 0202 3272 0153 3409 0110 3.535 0076 1650 004B 3753 — U TSl o)
04 0431 2761 0362 2908 0297 3.083 023¢ 3193 086 3327 0141 3454 0101 1572 0070 3.678 .04 3773 o~
25 0470 2702 0400 2.B44 0335 2983 0275 3719 D22 3251 0172 3376 0.130 3424 0.094 3.604 0065 3702 0.04% »3;.9:;
26 0.508 2.649 0438 2734 0373 2319 0312 3.051 (:256 3178 0205 3303 0160 3.420 0120 3.53 0.087 3.632, 0060 3.724
27 0544 2800 0475 2730 Q.409 2859 0348 2987 5291 3112 0238 3233 Q191 3349 D149 3460 0112 3.563 0.08% 3.658
28 0578 2555 0.510 2680 0445 2805 0383 2928 0325 3050 0271 3168 0222 3283 G178 3392 0138 3,495, 0,104 3592
29 0612 2515 0.544 2.634 0479 2755 0418 2874 6359 2.992 0305 3107 0.254 3.219 0208 3.3%7 0166 3431 0129 3.528
30 0,643 2477 0577 2592 0512 2708 0.451 1823 0.392 3037 0337 3050 0286 3.160 0238 3.266 0.195 3.368 g.156 3.465
3] 0674 2443 0.608 2.553 0545 2665 0484 2776 0425 2387 0370 2896 031 1103 0269 3.208 0.224 3300 D.FHY 3406
37 0703 2411 0.638 2517 0576 2625 0.515 2733 0.457 2840 0407 2246 0349 3050 0.299 3753 0253 3252 0.21% 3.348
33 0731 2382 0.668 2484 0.606 2588 0.546 2692 9488 2796 0432 2899 0379 300 0.329 3100 0283 3.198 0239 3293
34 0758 2355 0.695 2454 0634 2554 0575 2.654 0518 2754 0462 2854 p.AD9 2954 0.359 3.05% 0312 3347 0.267 3.240
15 783 2330 0722 2425 0662 2521 0,604 2613 0.547 2716 0492 2813 0439 2910 0388 3,005 0240 3099 0295 3190
16 0808 2305 0748 2398 685 2492 0.63] 2586 0.575 2680 0520 2774 0467 2868 0417 2961 0389 3053 0323 3042
37 0831 2285 0772 2374 014 2464 0657 2553 0602 2646 0548 2738 0495 2829 0445 2920 0,397 3.009 0351 3.067
14 0354 2,265 079 2351 0739 2438 0683 2526 0628 2614 8575 2703 0.522 2792 0472 2880 0.424 2968 0378 3054
39 0875 2246 0819 2329 0761 2.413 D207 2499 0.653 2585 0.600 2671 054¢ 2.757 0439 2843 0451 2920 0,404 3013
40 0896 2228 0840 2309 p785 2391 0731 2473 0,678 2557 0.626 2.641 0575 2724 0.535 2808 0477 2892 0430 2974
45 0988 2156 0938 2225 0887 2296 0838 2367 0788 2439 0740 2512 0.692 2.586 0,644 2659 0598 2733 0353 2807
S0 1.064 2103 1019 2163 0973 2.225 0027 2287 0882 2350 0836 2414 0792 2479 O.747 2544 0.703 26100 0660 2.675
55 1129 2062 1.087 2116 1045 5170 1.003 2225 0961 2281 0919 2338 0877 2396 0836 2454 D79 2512 0754 257
60 1.184 2031 1.145 2079 1106 2127 1.06% 2177 1.029 2227 0990 2,278 0951 2330 0913 2382 0874 2434 0836 2.487
65 1.231 2006 1.195 2.049 1160 2003 1.124 2136 1.088 2183 1.052 2.229 1016 2.276 0980 2323 0944 2371 0.908 2419
70 1.272 1986 1.239 2026 1.206 2066 1172 2108 1139 2148 1.105 2189 1.072 2232 1.038 2275 1.005 2218 0971 2362
75 1308 1.970 1277 2006 1247 2043 1.215 2080 1384 2118 1153 2.136 1A21 2195 1090 2235 1458 2.275 1.027 2315
0 1.340 1957 1.311 1591 1283 2024 1.253 2059 1.224 2093 1195 2129 1165 2165 1136 2201 1106 2238 1.076 2275
a5 1360 1046 1342 1977 1315 2009 1.287 2040 1.260 2073 1232 2105 1205 2139 177 2172 1149 2208 1121 3341
g0 1395 1937 1.369 1966 1.344 1.995 1318 2025 1.292 2055 1.266 2085 1240 2116 1.213 2148 187 2179 1360 221
95 1.418 1929 1394 1.956 1370 1.984 1345 2012 1.321 2040 1296 2068 1271 2097 4247 2126 122 2156 1197 2186
160 1439 1.923 1416 1.948 1333 1974 1371 2000 1.347 2026 1.324 2053 1303 2080 1.277 2108 1.253 2.135 1,220 2.164
1sp 1579 1892 1.564 1.908 1550 1.924 1.535 1940 1519 1.956 1.504 1.972 1489 1980 1,474 2006 1458 2023 1443 2040
300 1.654 1.885 1.643 1896 1.632 1.908 1691 1919 1.610 1.931 1599 1543 1,586 1955 1,576 1967 1.565 1.979 13:#4 1,991

Note: n = number of obsctvations, &' = number of explanatory varigbles excluding the constant term.

Source: This table is an extension of the original Drurbin-Watson table and .
s is reproduced from M. E. Savin and K. J. White, “The Durbin-W: i i
with Exteeme Small Samples or Many Regressors,” Economerrica, vol. 45, Novembec 1977, pp. 1989-96 and as corrected by R. W Fa:?:br:tﬁgrn i

September 1950, p. 1554, Reprineed by pennission of the Econometric Society. Btmitthe; vt 55,

EXAMPLE 1 fn=4 ; 2 il 1.2
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! fr - orrelation; if it is gr eies
no evidence of positive first-order serial correlation; but’ifi d] tIiSs%r:a:reg-‘f:e‘llgf]f thire 4
er and the
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TABLE D.5B Durbin-Watson d Statistic: Significance Points of d; and dp at 0.01 Level of Significance

KF=1

K2

K=3

k=4

K=5

K=6

K=7

k=8

K=9

k=10

dy

dy

a,

dy

dp

dy

de

dy

di

dy

d;

dy

4,

dy

dy

dy

dy

dy

ay dy

100
150
200

0.390
0.435

0.497
0.554
0.604
0.653
0.697
0.738
0.776
0.811

0.844
0.874
0.902
0.928
0.952
0.975
0.997
1.018
1.037
1.055
1.072
1.089
1.104
1.119
1.133
1.147
1160
1172
1.184
1195
1.206
1.217
1.227
1.237
1.246
1.288
1.324
1.356
1.383
1.407
1.429
1.448
1.466
1.482
1.496
1.510
1.522
1.611

1.142
1.036
1.003
0.998
1.001
1.010
1.023
1.038
1.054
1070
1.086
1302
1.118
1132
1.147
1.6t
1,174
1.187
1199
1.211
1.222
1.233
1.244
1.254
1.263
1.273
1.282
1.291
1.299
1307
1.315
1.323
1.330
1.337
1.344
1.376
1.403
1.427
1.449
1.468
1.485
1.50%
1.515
1.528
1.540
1.552
1.562
1.637
1.684

0.294
0.345
0.408
0.466
0.519
0.569
0.616
0.660
0.700
0.737
0.772
0.805
0.835
0.863
0.890
0914
0.938
0.960
0.981
1.001
1.019
1.037

1.070
1.085
1.100
1.114
1.128
1.140
1.153
1.165
1.176
1.387
1.198
1.245
1.285
1.320
1.350
1.377
1.400
1.422
1.441
1.458
1.474
1489
1.503
1.598
1.653

1.676
1,489
1.389
1.333
1.297
1.274
1.261
1.254
1.252
1.252
1.255
1.259
1.265
1.271

1.277
1.284
1.291

1.208
1.305
1.312
1.319
1.325
1.332
1.339
1345
1352
1.358
1.364
1.370
1.376
1.382
1.388
1393
1.398
1.423
1.446
1.466
1.484
1.500
1,515
1.529
1.541
1553
1.563
1.573
1.583
1.651
1.693

0.229
0.279
0.340
0.396
0.449
0.499
0,547
0.591
0.633
9.672
.708
0.742
0.773
0.803
0.831
0.858
0.882
0.906
0.928
0.949
0.269
0988
1.006
1.023
1.040
1.055
1.070
1.085
1.098
1.112
1124
1.137
1.148
1.201
1.245
1.284
1.317
1.346
1372
1.395
1.4186
1.435
1.452
1468
1.482
1.584
1.643

2.102
1.875
1733
1.640
1.575
1.526
1.490
1.464
1.446
1.432
1.422
1.415
1.411
1.408
1.407
1407
1.407
1.409
1.411
1413
1415
1.418
1.421
F.425
1.428
1.432
1.435
1.439
1.442
1446
1,449
1.453
1.457
1.474
1.491
1.506
1.520
1.534
1.546
1.557
1.568
1.578
1.587
1.596
1.604
1.665
1.704

0.183
0.230
0.286
0.339
0.391
G443
0.488
0.532
0.574
0613
0.650
0.685
0.718
0.748
0.777
0.805
0.831
0.855
0.878
Q 900
0.921
0.941
0.960
9.979
0.996
1012
1.028
1.043
1.058
1.072
1.085
1.098
1.156
1.205
1.247
1.282
1.315
1.343
1.368
1.390
1411
1.429
1.446
1.462
1.571
1.633

2,433
2,193
2.030
1913
1.826
1.757
1,704
1.663
1.630
1.604
1.584
1.567
1.554
1543
1.534
1528
1.523
1.518
1.515
1513
1,512
1511
1.510
1.510
1.510
1511
1512
1513
15714
1.515
1.517
1.518
1.528
1.538
1.548
1.558
1.568
1.578
1.587
1.595
1.603
1611
1.618
1.625
1.679
1.715

PT.O.
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n

KHe=11

=32

'

=13

F=14

¥= 15

K =16

d;

dy

dy

dy

di

dy

4

du

g

dy

L

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
3z
33
34
35
36
S
38
32
40
45
50
55
60
65
70
75
80
85
90
95
100
150
200

0,060
0.084
0.113
0.145
0.178
0.212
0.246
0.281
0.315
0.348
0.381
0.413
0.444
0.474
0.503
0.531
0.558
0585
0.610
0.634
0.658
0.680
0.702
0.723
0.744
0.835
0.913
0979
1.037
1.087
1131
1170
1.205
1.236
1.264
1.290
1.314
1.473
1.561

3.446
3.286
3.td6
3023
2914
2817
2.729
2.651
2,580
2.517
2.460
2,409
2.303
2321
2.283
2.248
2,216
2.187
2180
2.136
2113
2,092
2073
2055
2.039
1.972
1925
1.891
1855
1.845
1.831
1.819
1.810
1.303
1.798
1.793
1,790
1.783
1.7291

0053
©.075
102
0.131
0.162
0.194
0.227
&.260
0.292
0.324
0.356
0.387
G.417
0.447
0.475
0,503
0.530
0.556
0.581
0:605
0.628
0.651
0.673
0.694
0.790
0.871
0.940
1001
1.053
1.089
1.14%
1177
1.210
1.240
1.267
1,292
1.458
1.550

3.506
3.358
3227
3.109
3.004
2909
2.822
2.744
2.674
2,610
2,552
2.499
2,451
2.407
2.367
2330
2.296
2.266
2.237
2210
2.186
2.164
2.143
2323
2044
1.287
1.945
1914
1.889
1.870
1.856
T.844
1.834
1.827
1.821
t.816
1.799
1.801

0.047
0.067
0.092
0.119
0.143
0178
0.209
0.240
0.272
0.303
0.333
0.363
0.393
0422
0.450
0.477
0.503
0.529
0.554
0.578
0.60%
0.623
0.645
0.744
0.82¢
0:902
0965
1.02¢
1.068
1111
1.150¢
1.184
1.215
1.244
1.270
1.444
1.539

3.357
3.420
3.297
3.185
3.084
2.99

2.906
2,829
2.758
2.694
2,635
2.582
2.533
2.487
2.446
2.408
2,373
2.340
2.310
2.282
2,256
2232
2.210
2118
2.051
2.002
1.964
1.934
1.91%

1.893
1.878
1.866
1.856
1.848
1.841

1.814
1.813

0043
0.061
0.084
D.109
2.136
2.165
8194
0.224
0.253
0283
0.313
0.342
0.371
0.399
0,426
0.452
0.478
0.504
0528
0.552
0.575
0.597
0.708
0.787
0.863
0928
0,986
1.037
1.082
1122
1158
1191
1221
1.248
1429
1.528

3.601
3474
3.358
3.252
3.355
3.085
2.982
2.906
2.836
2772
2713
2.638
2609
2.563
2.520
2,481
2444
2.410
2379
2.350
2,323
2.297
2.193
2.116
2059
2,015
1.980
1.953
1.931
1.913
1.898
1.886
1.876
1.868
1.830
1.824

0.038
. 0.055
0.077
0.190
0.125
0.152
0.180
0.208
0,237
0.266
0.294
0.322
0.350
0377

0.404

0.430
0.455
0.4530
0.504
0.528
0.551
0.655
0.746
0.825
0.893
0.953
1.005
1.052
1.094
1.332
1186
1.197
1225
1414
1518

0.970
0.092
0316
0.141
0.167
0.194
0228
0.249
0.277
0.304
0.331
0.357
0.383

0400

0434
0.458
0.482
0.508
0612
0.705
0,786
0.857
0919
0.974
1.023
1.066
1.106
1141
1174
1.203
1.400
1.507

1,948

1.922
1.863
1.847

0.389
0.414
0.438
2.461
0.570
0.665
0.748
0.822
0.886
0.943
0.993
1.039
1.080
t.ite

1.150°

1,181

1.385
1495

3.597
3501
3.410

©3.325
3.245 0.

3.16%
3.098
3.022
2.970
2912
2.458
2.308
2.761
2.7
2.675
2.637
2.600
2.566
2.424
2318
2.237
2173
2,123
2.082
2,049
2.022
1.999
1979
1.963
1.949

1.860

0.079

0.122

0,146
071
0.196

0221
0.248
0.2722
0.297
0,322
G347
0.37%

0.395
0,418
0.528
0.625

Q.711

0.726

0.917
0964
1011
1,053
1.081
Ti26
1.158
1.370
1.484

2026

2.969

2.915
2865
2319
2,774
2733
2.694
2.657
2.503
2387
2,298

2.3r2

2327

2.090
2.059
2.033

2.0z

1.993
1.977

1.857 .

1.871

0.306
0.330
6354
9.377
0488
0,586
G.674

- 0.751

0.819
0.880
0934
0.983
1.027
1.066
1.182
1.136
1.355
1474

2172
2,131
2097
2.068
2.044
2,023
2.006
1,913
1.883

0.068 3.524
0.087 3.450
0.107 3379
0.128 3.31
0151 3246
0.174 3.184
0.197 3.126
0.221 3.071
0.244 3.019
0.268 2969
0291 2.923
0.315 2,879
0338 2.838
0,448 2.661
0.548 2,526
0.637 2421

0.786 2.272
0.849 2217
0:905 2,172
0.955 2135
1000 2.104
1041 2077
1.079 2,054
1113 Z.034
1340 1.931
1462 5896

Note: n = number of observations.
¥ = aumber of explanatory variables excluding the constant term,
Source: Savin and Whits, op. cit., by per
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