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but the same medium should be used throughout the

paper.

A B G



3495 2 ,
’ L

ol & o Frd

‘1 .Wm—wa‘?ﬁ?ﬁﬁwﬁqwﬁtﬁﬁawmm
FTraian fofag |

2. WA ¥ A FE Ot uE @ I G |

3wl W @ s e R

4. RO - T A e @ IR R I |
" et 2 fory e e e | s @ e 3
Wwﬁmmaﬁﬁvﬁaﬁmwm%n

5. 9 W -9H H IR aﬁs‘ﬁm%ﬁﬁﬂfﬁ-w o % §ifSre, e
T I T ALAH U & BT AR |

1. State whether the following statements are True or False. Justify your answer.

(i) In linear regression models, r* value is invariant to changes in the unit of
measurement, as it is dimensionless.

(ii) An addition of a variable in a regression model with 30 observations and 4
variables, would always lead to a rise in the R? and adjusted R?, given that the
additional variable is statistically significantly different from zero at 0=20%.

(iii) In the regression involving standardized variables, the intercept term is
always zero.

(iv) The correlation coefficient between U = 3X+2 and V= -4Y+5 is the same as
between X and Y. :

(v) In a multiple regression model Y; = B; + B2Xa; + B3Xy; + uy, testing a joint
restriction Ho: B> = B3 = 0 is same as testing for Hy: B, = 0 and Ho: [;3 3= ?5)

(5x3=
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(i) Y&+ wfdswa Afsar #, R? A\ A9 s & ofEds & v
IaRadea ¥, i a5 3w R B
(ii) 30 aeiwat IR 4 W F T TRAHET Fewd F B W F
sfofea, g R? AR wAfSE R? & gefy & 3k & o,
75 a@d U % AfaRed W o« = 20% W Ew ¥ FRAHT §
- ¥ Agcaqt &9 ¥ B
(iil)FhIFa TR are Gfaee #, 3 eg FAA YT B B
(VU = 3X+2 R V=4y+5 & & wgasy e 7@ ¢ S X AR
Y & 4 gl
(v) T SfTHT RIS ¥, = B + BoXy; + faky + 1 H, TH g
. OREY Hy B, =fs=0 F TNET Hy:By =0 B Hyfy=0 &
TAETOT F A g (5x3=15)

2. (a) Consider the model
Yi =By + BoXoi + BaXsi +
where, :
Y; is the long term consumption measured in Rs thousands
X, is the income measured in Rs thousands
X3; is the age measured in years

(i) How will the estimated intercept and slope coefficients change if the unit of
measurement of income is changed to Rs lakhs. 3

(ii) Suppose the researcher thinks that usually consumption increases with income
but at a decreasing rate and consumption increases with age. How would he
modify the model to see whether the data supports his hypothesis? )

(iii) Suppose the researcher wants to assess the relative importance of age and
income on long term consumption, what model should he estimate? Explain.

(3+2+2)

- (b) Let X2 be the hours spent on Mathematics coaching during a week, X; be the time

spent on studying other subjects and Y be the scores obtained in the mathematics final
exam. The following summations for 23 students were obtained as below:
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X, =10,%, =5 =12 n=23

sz =12, Zx2x3 =8, Zxa = IZ,szy = 10,Zx3y= 8,Zy2 =10

X2, X3 and y are variables measured in deviation form.
(i) Estimate the following regression Y; = 8, + B,X,; + BaX3; + u;
(if)  Estimate the standard errors of the slope coefficients.
(iii).  Obtain R?of the regression.
(iv)  Interpret the slope coefficients and comment on their statistical
significance.
(2+3+1+2)

2. (F) Alsd W AR A

Yi = B+ BoXoi + BaXai + y

wf W),

Y, &Rt v & a 7 s s B wu b
Xy &R T 3 A 7 3 &
xslaﬂﬁmnéa{lg%

() afE 3z & 79 F 3 F @ A F F& AT U A gt
IR 3R g o R ad

(i) #eT AT BF v W § B 3w @R W 3w & @y @ud
gt ¢ e gecdt X W AR @ua 37 F w1y wodh §| 9% IF d@e
& T Alsw # F4 @M0T Fow B 327 309H WRFewar F FHST
AT § AT TAE?

(iii) AT AT B vear welr 3afdr & sy W 37 3R 37 & aner
HEcT F IHFold FAT AEAT ¢, A 38 Ry AlSH F AT FIAT
wifgw? sarear ffFA) (3+2+2)

(@) AT AT X, TF FoaE & N Afta FHr FfRT )W {Ew av g
&, X 3 Rwat & srezma # R w0 WA R AR Y A fr s
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- X, =10,% =57 =12 n=23

Zx§ = 12,Zx2x3 & S,Zx:f = 12,25\723’ = 10,2"3}’ = 8:23’2 =10

X2, X3 3R y Rgeas &7 & A 77w 7% §

(i) mmﬂﬂmmﬂ=ﬁl+ﬁzxzi+ﬂax3t+ui

(i) ZeeT IO H Ao IRA H HepAE T '

(iii) wfam=r & R? e )

(iv) ZoTa T A e SR W T FRENT Heew | RO
A @+3+142)

. @) An individual is hired to determine the best location for the next branch of a
famous family restaurant chain ‘Foodies’. The individual decides to build a
regression model to explain the gross sales volume at each of the restaurants in the
chain as a function of various descriptors of the location of that branch. He considers
‘the following regression (original):

9, = 102,192 — 9075 N; + 0.3547P; + 1.288 I
se = (2053) (0.0727)  (0.543)
n=22 R?=0579 RSS=384.27

where Y = gross sales volume, N = the number of competitive restaurants nearby, P =
the population nearby, and I = the average househo!d income nearby.

(i) Interpret the slope coefficients of the regressmn and R%
(ii) Suppose we add another variable A to the regression above where A = address
of the restaurant. Consider the modified regression given below:

9, = 98,125 — 8975 N, + 0.360 P; + 1.301 I; + 58.07 A;
se = (2082) (0.074) (0.550)  (95.21)
n=22 R?=0.695
Do you think adding a new variable A has improved the fit of the equation? Why/Why
not?
(iii) Do you suspect a problem in part (ii) above? What is the problem and what
could be the consequences of the problem? How will you correct for the problem?
(iv) How do you conduct Ramsey RESET test to check for the likelihood of
specification error in the model?

BTy,
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(v)  Suppose the average household income (I) is not measured correctly. What are
the consequences of this on the properties of the OLS estimators? (2+2+3+3+2)
b) The following regression is run on 240 observations.
Y = By + BoXai + BaXai + BuXui +
The residuals obtained have respective skewness and kurtosis values - 0.097 and 2.56.

On the basis of the given information, how would you test the Normality assumption
of residuals. State the Null and Alternative hypotheses. Do you think that the test is
valid if the regression is run on 10 observations? (2+1)

3.%) U 9Rey TRaRE [T s@er "Ghe H 3ETe e & fov wated
U fuiRa & & R v @fdd S A W @ A B S 39
arEr ¥ T F A Rawst & 1 & §9F 4@ F T@F T/
# wed A $ AET A ArEw A F AU vE yfaeAd Alsd S
folv T ¥1 aF PRRTRE SR () W RER Fa

%, = 102,192 — 9075 N, + 0.3547P, + 12881

se = (2053)  (0.0727) (0.543) -
n=22 R?=0.579 RSS=38427

 FE Y = wFa ol @Y A, N = 3o F afaeadt e g,
P = G- N SwwEdn, IR | = HE-9rF Hr AT W I

() wfasma 3R R? & o aonis A sarear ffsd|
@iy #eT AT B g IR F i A oF AR WA SIS T Fel A =
TR # gan A e v @unfta gfavms 1 R fife:
7, = 98,125 — 8975 N; + 0.360 P; + 1.301 I; + 58.07 A
se= (2082) (0.074) (0.550)  (95.21)
n=22 R*=0.695
mMm%ﬁwmwAm##m*mﬁgmrgm

(i) wT I IRET A (i) § B wEEw & A 7 eAe #1 g
3 e & oRona a1 § G6d §27 AT FHEAT B HFY OF H?

(v) #fsa & Rfa&y IR H o & qiw F @ 39 HE R e
(Ramsey RESET Test) & 3aifoia &1 872

) A AT B e aXe 3T (1) B FE T F AL AT AT E) T
OLS ATt & Uit R FAT 81T U5 §7 (2+2+3+3+2)
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@) Pr=taf@a FAMEOT 240 Yeroit W =@ S

Y = By + BoXoi + PaXai + PaXar +

grcg @St # waftra fwede (skewness) 3R FEffd@ (kurtosis) HT
0,097 3K 2.56 &1 & 7 FAFED F HUK W, W9 afwet AT
uRoT FT G0EvT R F07| T AR dnfeuw REedest @ seaw A
AT HOH T & B gferor A ¥ afy s 10 sEeiswar Wogerr
S §7 (2+1)

4. a) A regression equation includes a quantitative dependent variable (Y= wages), a
quantitative independent variable (X=years of experience) and two qualitative
variables; Gender and Education Level with two categories each; Male & Female; and
Graduate & not a Graduate. Assume that the qualitative variables do not interact with
each other.

(i) Using intercept dummy variables, write the wage regression model if the impact
of years of experience, gender and education level is to be analyzed on wages (use
Female Graduate as the reference category). Write the estimated equation for
Male Graduate category. ;

(ii) How would answer in part (i) be changed if the Educational Level has three
categories instead, namely; Graduate, Post-Graduate & Ph.D.

(iii)Based on part (ii), write the wage equation for the two specific categories, (a)
Female with Ph.D. (b) Male Post-Graduates.

(iv)How would the model in part (ii) be modified if the objective is to examine
whether the marginal effect of experience is gender-specific?

(v) How would the regression in part (i) be modified if qualitative variables interact
with each other? i (242 +2+2+2)

b) A random sample of 200 vehicles traveling on rough roads with a posted speed limit
of 35 mph on such roads resulted in a sample mean speed of 37.5 mph and a sample
standard deviation of 8.6 mph, whereas another random sample of 200 vehicles with a
posted speed limit of 55 mph resulted in a sample mean and sample standard deviation of
35.8 mph and 9.2 mph, respectively. carry out a test at 10% significance level to decide
whether the two population distribution variances are identical. (5)

4. %) SFTTAA FAEOT F TH AECHS WA W (Y= AIGY), TH ACHS
AT W (X=a¥ & HE) IR & JoTeHS == fofr 3k Rrer &R wfAe §
e 2 AR & qEw s AR AR ASe A dgve A€ | A AR
o At IOTHF W TH gAY H A Aer A

(i) e 7% =X (intercept dummy variables) #T 39T FI §T, G
Rl Az AT, aft daw W ast & agwa, folr 3R e &/ & wema &
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freaivor fFar ST § (Fast Avh & &9 F ARST was # swA AR)| g
s Aot & v wgafaa wdERe faf@o)
(i) afx AftvF Tor # Ty A AT ¥, T dgue, O dgue ryar
o q& ST () F W FY agen?

(ili) #TT (i) F 3T W, g AR AV F v dgw wheor [/, (F)
dreg.d. & Fry Afger (@) oY e |

(v) o 3eeT Tg S ¥ PR R e a1 A wE AR A
e (i) # Atser 1 Fa @ fHar srwan?

(v) AR TOTeHF T T g & @Y WER Fhar o §, o o (i) A g
Fr FH gyt fear smeem? (2+2+2+2+2)

@) 200 areAt ¥ v Aefeos @ Swe 35 A ufy 6 & afa e & ary
3q3-UTE FIH W AT F O IROTAERT A Ha qfy 37.5 A w6
IR e AwE fgee 8.6 e wfa €2 9r Sar 8, S|fF 200 AgAl FOTH
IR Iefeos a7 ¢ o 55 e far w2 #r aify dar & sRomsrsy Faen
AT ATe7 35.8 i gfa w9 AR A A Rwee 9.2 Aa gfa € g
ST &1 10% Aged ¥ W & Gheor Hf 6 a Stedear Ao Beand
wae & ar : ; (5)

5. Quarterly data on counfry XYZ was collected for the period 2005-2019 to ;:stimate the
relation betv_/een foreign direct investment (FDI), trade openness (TO), gross domestic
product (GDP) and exchange rate (E). TO is defined as ratio of export plus imports to GDP
and t = trend. Following regression was estimated:

FDI, = —0.53 +0.012 E, — 0.025T0, +0.006 GDP, + 0.34 t
se= (0.097) (0.013) (0.004) (0.015) (0.09)
R*=0904 d=1.45 }

(i) Interpret the estimated slope coefficients. Do you suspect some problem with the

above regression?
(ii) What is the nature of the problem? How do you know? Explain its consequences?
FBl, _ Er 70, t Wi ; ;
bt Bl B o U WAl this transformation solve the

problem mentioned in (ii) above? How? Can you compare R? of this model with the
model abovg:?

3495 9
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(iii)Suppose now the regression is estimated as given below:
FDI, = -0.74 — 0.042 TO, + 0.41t
_se=(0.057) (0.019) (0.364)
R?=0896 d=1.34

Test whether the regression specified above suffers from first order autocorrelation?

Which test will you use and why? (Use a = 5%) '

(iv)If the errors obtained from regression specified in (iii) above follows higher order
autoregressive process then how would you test for serial correlation? Give the
steps of the test in detail.

(v) With reference to the regression specified in part (iii). What will be the remedy for
the problem of autocorrelation if it is detected? Explain.

(243+3+3+4)
5.8 XYZ WX 2005-2019 #r 373 & v i@ 3er weger gk v (FDI),
R G (TO), Wl Y] 3¢9 (GDP) 3R Rfawa & (E) % & daw &
AT T & T v R am Toﬁmﬁmﬁwra#
¥ # aRwRE B I § ARt = e Pt sfese &1 A

. ST AT AT

FDI, = -0.58 + 0.012 E, — 0.025 T0, +0.006 GDP, + 0.34 t

se= (0.097) (0013) (0.004) (0.015)  (0.09)

R2=00904 d=1.45
(i) AT S IO A SATEAT RA| AT TR IRFS FfTHA F /Y
FC FATAT F HE 87
(ii)mﬁqfﬁm%?m%ﬁmmmm
D = o+ o+ o g+ By e+ e T TE TR IR (i) # 3R
FHEIT T FAYE FOM? FJ? T T W A F R? A goe IREd Asel
¥ THA &7
(iif) #mer AT B e wfdemr F gaw A R T @

DI; = —=0.74 — 0,042 TO, + 041t
se= (0.057) (0.019) (0.364)
R’=0.896 d=1.34

P.T.O.
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3 By adetor F 3TAT ST AR F6? (a = 5% F wEET fifE)

(iv) 3 3R (i) # Pifése v & e IRar 300 F# iRART (AR)
ST &1 oTeret Fr § ar e WRFe FedEy & v R afeor #3@7 gdveor
& Wolt & {FaR § avid o

v) T (iil) # Pfse sfvme & Wy &, Tawgwey £ TAE & 94T 9 W
S T 39T EM? FASEA| (2+3+3+3+4)

6. a) The Home Ministry of a country wants to test if petty crimes (minor thefts) are higher
in states where poverty rates are high. They obtain data on several variables and ran the
following cross section regression for 35 states in the country.

C; = 6.275 + 0.1147 PR; — 0.0712 LR; + 0.0862 SDP;

Se=(3.125)  (0.02713) (0.0361) (0.03834)
n=35 R=0.6876
where C = Crimes per lakh of population
PR = poverty rates
LR = Literacy rate
SDP = State Domestic Product
(i) A priori what signs are expected for the explanatory variables? Explain your
answers,
(ii)  Test for overall goodness of fit of the regression (Use a. = 5%)
(iii)  Another model was also used and following results were obtained:
InC; = 2.142 + 0.01186 InPR; — 0.0548 InLR; + 0.0921 InSDP;
Se=(1.102)  (0.0673) (0.0259) (0.03647)
n=35 R?=0.7923
Interpret the coefficient of In SDP.

(iv) How will you conduct MacKinnon-White-Davidson (MWD) test to select
which model is better? Write all steps clearly. (2+2+2+3)

b) The regression equation given in part (a) is modified as follows:
C=23.83 -0.0089 LR,
This equation was estimated using 50 cross-sectional observations on states, by ordinary

least squares (OLS). To check for heteroscedasticity related to LR, separate regressions were
run for the 17 states with the lowest LR and the 17 states with the highest LR. The sum of

\T

3495 _ 11

squared residuals for the low LR states was 270. The sum of squared residuals for the high-
LR states was 90. t

(i) Compute- unbiased estimates of the variance of the error term in the two
subsamples.

(if) Conduct the Goldfeld-Quandt test at 5% level of significance.

(iii) Regardless of your conclusion for part (ii), suppose you believe that
heteroscedasticity is indeed present and that the variance of the error term is
inversely proportional to state LR: Var(g) = Y/L Ry where y. = an unknown
constant. Explain how you would transform the data to satisfy the classical
assumptions. : (2*3=6)

6.w)mmrqumutmmtﬁﬁwmmwmam

.3 TSt & 3w ¥ o 0 X we ¥ ¥ #E ot W ey uned WA £

& & 35 TAt & v Pefafla s dwm sfoeme & FgAe oo ¥

€, = 6275 + 0.1147 PR, — 0.0712 LR, + 0.0862 SDP,
Se=(3.125)  (0.02713)  (0.0361)  (0.03834)
n=35 R=0.6876

e C = Wiy @ FAHEAT I
PR = it &x

LR = WT&RET X
sup=mai?-[3#rra

(i) v SrufdEar SOEaeAF W & T w1 S R ¥7 Hue IRt
e n |

(i) sfemme & e 6 ¥/ Ieor & T gfeor AFA (@ = 5% &
T fifed)
(m)mmmmmmmmmmmmg

InC; = 2.142 + 0.01186 InPR, — 00548 InLR, + 0.0921 InSDP,

P,
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Se=(1.102)  (0.0673)  (0.0259) (0.03647)
n=35 R2=0.7923

In THEdY & IUiiE Bz A

(iv) ®le7 @1 Afser IgR ¢ Tg A & (AT 31 Afate-cgree-3Razwa (MWD)
qderor F¥ FE? T Wuit wF Fve w7 @ DR (2+2+2+3)

u)m(m)#ﬁvmmamﬁﬁmﬁ]mﬁmmﬂmﬁ
6=2383 10,0089 LR, :

[A gAaA 9 (OLS) Z@RT [l T 50 HiF-GREAd Hachal Hr
3T FE FH AU FONGAA EIAT T 4Tl LR @ HEfd
* RwwdfEar (heteroscedasticity) # ST #Ra & AT, ¥e¥ &# LR ae

17 T2t 3R 3TUad LR A 17 T3 & A0 Jreer-3remn sfeemms Jgan -

Fme aw &) FFT LR Tsdl T a9t safset & @t 270 o1 3=9-LR
Tt & AT aef saflset & e 90 o

(i) @ 9-smgat # IR ve & Rreor & s sqgwmt i aoEr KA
(ii) Meshes-aaige TlEmT F 5% Fged F TR W I HfF

(i) #mT (i) ¥ AU 3F e F aEcE, A AoC F RAvEARET
areaa # Al § 3R IR F RAROT 757 LR & hATa € Var(e) =
V/ig, T y = T I TR T B B A9 et At

 HPT A & AT o7 F FF TR FEA| (2+3=6)
T a) The estimated equation for sales of TV is as given below:
Sales = 118.91 - 7.908 Price +1.863Advert -
(se)= (6.35) (1.096) - (0.683) R?=0.448, n=30

where Price is price of TV measured in Rs. )
Sales is sale revenue and Advert is advertising expenditure. Both Sales and Advert are
measured in terms of thousands of rupees.

(i) Is the slope coefficient of price statistically different from 1? Test at a=2%.
(ii) Calculate the elasticity of sales revenue with respect to price if average sales
revenue is 300 and average price is 100?

3495 13

(iii) How would you test that an increase in advertising expenditure will bring an
increase in sales revenue that is sufficient to cover the increased advertising
expenditure? Clearly state the null and alternative hypotheses. Test at a=5%.

(iv) Estimate the sales revenue for a price of Rs 6 and an advertising expenditure
of Rs 1,200. (342+3+2)

b) Consider the following regression ¥; = B, X; + y; where f; is the OLS estimator of Bi.
) Find the value of ;.
(i)  Find V(3)
(iii) Verify that 8, is unbiased. 5)

7.%) Ol & Ry & e arpanfee wetetor A R I ¥

Sales = 118.91 - 7.908 Price +1.863Advert
se= (6.35) (1.096) (0.683) R?=0.448, n=30
gl price € A AAa 92 F AT FMar #

Sales fshr T5Fa § 3 Advert s =ar ¥ R 3tk Ramw ot &
FART T & AT ST B
(i) =1 Heg &1 T U WETHT T7 ¥ 1 F B 87 oa=2% W &€
A , ; '
(i) FFa & FoU A fohr ToFg ;AT aoEn AT IR T /W
TSTET 300 ¢ AR 3wa 77w 100 &2
(ii)) 39 FF T HE & BT 7w & Y ¥ h 1o F gy
grft S a8 gU R sww A FE A & T g 37 Rea R dters
IRFEIAIT FT T §T F TAT| 0=5% W 2T D
(iv) 6 ¥9% #r HrFa AR 1,200 T & AT 97 F e B6Hr qog
FT A T (3+2+3+2)
@) fArfaf@d sfaema @ TR A5 v, = X, + 4, 78 4, Py FT OLS IefHTs
gl
(i) B, FT AT AT HfA|
(i) V(8,) @S

- (iii) FeTTRa Aoy & 7, @susr § (5)

L O
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; : . Appendix D Statistical Tables 879
‘ 878 AppendixD Statistical Tables : TABLE D.2 Example
Percentage Points of -

Sl G s iy Pr(t > 2.086) = 0.025
| Ambgpelnderthe . prigs 2 1.98) 04750 o i vl T 008 S s

Standavdiied Normat | {05 £51.96) = 0. uami«f.nuaz‘ Pr(t| > 1.725) = 0.10

Distribution Pr(Z 21.96) = 0.5 - 0.4750 = 0.025

B 075
0235 0279 0319 0359
0636 0675 0714 0753

1026 .1064 1103 1141
1 1443

Note: nuuue.ivummmu:nmmmmuammu,b 0). But since the normal distribution is . i i 3
symmetrical about Z = 0, the area in the left-hand tail is the same as the area in the corresponding right-hand tail. Fortumple.
P(=1.96 < Z < 0) = 0.4750. Therefore, P(~1.96 < Z < 1.96) = 2(0.4750) = 0.95. mmmnﬂfmmnhbﬁdmhdmhmmhmnﬂ;mwmﬁﬁvhhwh

P. 1.0,
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880 AppendixD Statistical Tables - Appendix D Statistical Tubles 881
TABLE D.3 Upper Percentage Points of the F Distribution } >
Example '

Pr(F > 1.59) = 0.25

Pr(F >242)=010  fordf Ny =10 g’
PF(F > 3.14)=005 and Na=9 Lo
Pr(F > 5.26) = 0.01 :

0 314 526

S 4
R A S 253 i i £ b g i
MH@:I&WKH?W&W‘.  Jor Statisticlans, vol. 1, 3d ed., table 18, Cambridge University Press, New York, 1966, -
by n :

(Continued)

P.T.O.




3495

882 Appendix D Statistical Tables

18

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

19

Appendix D Statistical Tables 883

P.T.O.
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884 AppendixD Statistical Tables

TABLE D.3 Upper Percentage Points of the F Distribution

\

(Continued)

I

NIRRT

z

21

Appendix D Statistical Tables 885

P 1.0
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886 Appendix D Statistical Tables

TABLE D.4 Example
Upper Percentage 2 N
Points of the x? o = et 095
Distribution Pr(x? > 23.83) = 0.25
Pr(x2 > 31.41) = 0,05
-

*For df greater than 100 the expression v2x*~
freedom.

the degrees of

22

for df = 20

25% arca
95% area
5% area
10.85 2383 3141

7.78953
8.54675
9.31223

>

s

22,6572
23.5666
244776
33.6603
42,9421
522938

23

Appendix D Statistical Tables 887

502389

35.7185
37.1564
. 38.5822

. 118136 124116 128.299
129.561 13!07 140.169

Source: Abridged from E. S, Pearson and H. O. Hartley. eds., Biometrika Tables for Statisticians, vol. 1, 3d ed., table 8, Cambridge University Press, New York, 1966.

Reproduced by permission of the editors and trustees of Biometrika,

PO,
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i 888 AppendixD Statistical Tables : : ] |

TABLE D.5A  Durbin-Watson 4 Statistic: Significance Points of d; and dy at 0.05 Level of Significance

R

e T

R

T & o

Nac:nimnbudmlsmlbnof y veri Tuding the

Source: This table is an extension of the original Durbin-Watson table and is reproduced from N E. Savin and K. J. White, *The Durbin-Watson Test for Serial Correlation
with Extreme Small Samples or Many Regressors,” Econometrica. vol, 45, November 1977, pp. 1989-96 and as corrected by R. W. Farcbrother, Econometrica, vol. 48,
September 1980, p. 1554. Reprinted by permission of the Econometric Society.
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TABLE D.5B Durbin-Watson d Statistic: Significance Points of 4; and dy at 0.01 Level of Significance
- ‘[W 2 ”t D ST T — \v‘ ——

e

N

0272 2758 0224 2,
2,694 0253
635 0.2

{0870 2424
0665 2318 0.
237 071

1963 1126 1993 1.102 2023
1949 1158 1.977 1.136 2.006
1880 1370 1.897 1355 1.913
1860 1484 1,871 1883 1462 1

Note: n = number of observations.
k' = number of explanatory variables excluding the constant term.

Source: Savin and Whitc, op. cit., by permission of the Econometric Socicty.
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AppendicTables A7
A-6  Appendix Tables 3
Table A3 Standard Normal Curve Areas (cont.) @) =PZ=<2)
Table A3 Standard Normal Curve Areas d @ =PZs2) T 00 SR T 0 ™ 05 06 07 ™ »®
' | densi
P 00 5000 5040 5080 5120 5160 - 5199 5239 5279 - 5319 5389
Gl s 0.1 5398 5438 5478 5517 5557 5596 636 5675 ST14 5783
- e 02 5793 S832  se7) 5910 5948 5987 - 6026 6064 6103 6141
03 6179 8217 6255 6293 6331 6368 6406 6443 6480 6517
04 6554 . 6591 6628 6664 6700 6736 6772 6808 6844 6879
0 “ A 05 6915 6950 6985 7019 7054 7088 M23  MST 7190 7224
06 7257 91 324 357 39 422 A4 7486 7517 1549
z 00 01 02 03 04 08 06 07 08 09 3 07 7580 7611 7642 7673 704 134 7764 7794 7823 7882
08 L7881 7910 7939 7967 7995 8023 8051 8078 8106 8133
-34 .0003 .0003 .0003 0003 0003 .0003 0003 0003 .0003 .0002 b 0.9 8159 8186 8212 8238 8264 8289 8315 8340 8365 .8389
-33 0005 0005 0005 0004 0004 0004 0004 10004 0004 0003 v 10 8413 3438 8461 8485  8S08 8531  8SS4 577 8599 8621
-32 0007 10007 0006 10006 10006 0006 . .0006 10005 10005 10005 | L1 8643 8665 8686 8708 8729 8749 8770 - 8790 8810 8830
=311 0010 0009 0009 .0009 0008 0008 .0008 0008 0007 0007 1.2 8849 8869 .8888 8907 8925 8944 8962 .8980 8997 9015
-30 0013 0013 0013 L0012 0012 0011 0011 0011 0010 0010 i: :‘l";; -:'z’;g % -;g;: ‘322? ;;z ;;3; : z;;;’ :;gz :;I;
-29 0019 0018 0017 0017 0016 0016 0015 0015 0014 0014 . e Jae el friie i R T e
T28, | 0026 0025 0024 0025 0023 ' 0022 0021  .0021 g e L ; 16 S42 o463 474 98a sS4 905 951 . 9525 o535 9ses
=27 | 003 0034 . 0033 0032 0031 0030 10029 0028 0027 0026 7 9554° 954 9ST3 . osE2 9591 9599 5608 . o616 . 0625 963
-2.6 .0047 ‘.0045 0044 .0043 .0041 0040 0039 . .0038 .0037 .0036 ‘. 1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
-25 0062 0060 0059 0057 0055 0054 0052 - 0051 L0049, 0038 19 9M3 9719 9M6  9M2 9738 94 970 - 9756 | 961 9767
-24 0082 0080 0078 0075 . .0073 0071 0069 10068 0066 0064 20 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817 |
=23 0107 0104 .0102 0099 0096 0094 0091 0089 .0087 0084 . 2.1 9821 . 9826 9830 9834 9838 9842 9846 9850 9854 9857
=22 0139 0136 0132 0129 0125 0122 0119 0116 0113 0110 ; 22 9861 9864 9868 9871 o875 9878 988l 9884 9887 9890 |
-21 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143 23 9893 . 9896 ..9B0R 79001 S04 115906, 11990, 991 Sl
=20 |' 0228 | 220 0217 0212 0207 0202 oi7 o192 oies o183 o D o ST G ST e B
~19 | 10287 | 0281 0274 0268 0262 0256 0250 0244 0230 0233 — ol oA o B o R o o o A e e R M
-18 0359 0352 0344 0336 0329 0322 0314 0307 0301 10294 ‘ 24 REoRNRals e e B L SRR S s Rl i<
=13 0446 .0436 0427 0418 .0409 .0401 0392 0384 0375 0367 28 9974 9975 9976 9977 9977 9978 9979 9979 9980 9981
-16 0548 0537 0526 0516 10505 0495 0485 0475 0465 0455 29 9981 9982 9982 9983 9984 9984 9985 . 9985 9986 9986
-15 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559 ; 30 9987 9987 9987 9988 9988 9989 9989 9989 9950 9990
—14 .| 0808 0793 0778 0764 ..0749 0735 0722 0708 0694 0681 i 31 9990 9991 9991 9991 9992 9992 9992 9992 19993 9993
=13 | 0968 0951 10934 0918 0901 0885 0869 0853 0838 0823 1 g: 999: g: m; ;;’:‘6 'gfw’: g; -g:; g;zz z: 'g:g
-12 1151 1131 112 1093 1075 .1056 1038 1020 1003 | 0985 ) - 999: ! . : v f : ! 3 s
"o ST R Y T S SRR e i TRV i i e Sl g i i N e R e B e e I b o ST
~1.0 1587 1562 1539 1515 1492 1469 1446 1423 14017 1379 :
-09 1841 1814 1788 1762 1736 1711 1685 1660 1635 1611 1
-08 2119 2090 2061 2033 2005 1977 1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-05 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
-04 3446 3409 k773 3336 3300 - 3264 3228 3192 3156 3121
-03 3821 23783 3745 3707 3669 3632 3594 3557 3520 3482
-02 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859 b
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247 '
-0.0 25000 4960 4920 4880 4840 4801 4761 4721 4681 4641
(continued)
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A0 AppendixTables
Table A5 Critical Values for t Distributions /l. density curve
Shaded arep = o [~ aunNNaw SHRS = RABT -
A LI EELE TR L LT
0 = = .
g8E g2gasg negyNgNnYIL oS
. NHERES L LR L ELEEREERLEREE L LS
v\ 10 05 028 o1 008 001 0008 3 -
EREo I2R8R8BE g g
1 3.078 6.314 12.706 31.821 63.657 31831 636.62 i i 85533§§§§§E§§§§§52§:§§§§§§§§§§§§§:§
2 1.886 2,920 . 4303 6,965 9.925 22326 31598 Lol
3 1638 2353 3.182 4541 5841 10213 12924 i = = .o = & —eq
o TS oum o ame T dmnis 0 gew 773 810 ; i BEE3EEYIIRETORRICAARERETERRARRASEINY
5 1.476 . 2015 257 3365 4,032 5.893 6.869 | Aprs y
- 1440 1.943 2.447 3.143 3707 5.208 5,959 tos8bzZongEn @ T SEELS
7 1.415 1.895 2365 2,998 3.499 4785 5408 35— BEEEZ2RES 883 CS22HRRINERSRY
4 it 14 g s i pigbs: s ig hmﬁnnnmnNN3N§§NNN§§§NNNNN———-—————.-
9 1383 1833 2262 2.821 3.250 4297 4781
- CEERE PR REISREE SRS SEISER R RS R
L 1312 1812 2228 2764 3.169 4144 4587 2229 2 22898538 BRNBET BRINSLLT
1 1363 1.796 2201 2718 3,106 4025 4437 ! E gE¥mmadad § JdNNNRN22 22332222232 22222 o
12 1356 1.782 2179 2.681 3085 . 3.930 4318 -
13 1.350 1.1 2,160 2650 3012 - 3.852 4221 g5 REEREREEREE R2ERS g
14 1348 1.761 2,145 2624 2977 3787 4,140 § §§§§5nigégggEggﬁggegﬁﬁﬂigggnmggﬁ gﬁ
15 134 1,753 2131 2,602 2947 SRR, 4073 § : - ey e 2
16 1337 1.746 2120 2.583 2921 3686 4015 58 ; 23 S9RFBRTEES ARNE
17 1333 1740 2.110 2567 2898 3.646 3965 f‘ §§;§3§§3§3§§§§33§3:§55§3§§§:§3§§§:§
18 1.330 1734 2,101 2552 2878 3.610 . 392 48 N|= s
19 ‘1328 1.729 2,093 2.539 2.861 . 357 © 38 B NE o 2 @ s v
m  Ggms ms coams ame s L oam 250 | i i BEERGNSSHRRAZENANRAIARNAS20ER4REY
21 1323 1.721 2,080 . 2518 2.831 3.827 3819 N[B=
22 1321 1n7 2,074 2.508 2819 3.508 3792 :
: E3 ZE8RR o SERRNDBAREE g 2
-l 2492 297 e 3as | : } 2 JEEEEEELEL LR LE L R EEE R LR R
.28 1316 1708 2,060 2,485 2787 3450 3ms & ST A T ‘
~ : sppx g§y 2383 2 gResas
;e e 209 24 a1 s 26 § t 3| [§|BIE2E83ERARANARRASARIRNNNAAAGEREASRE
23 1313 1701 2,048 2467 2.763 3408 3674 ;14: i TYTYTYTIT P T T
29 131 1,699 2,045 2462 2756 3.396 3.659 % 2 2 5 § 3 E s8¢ 5 5 g
30 1.310 1.697 2.042 2457 2750 3385 3646 10 & g § Qngfgngﬂs Aaa 135.4 §§_~__-§__§_-§_-__§
2 . 1309 1.694 2,037 2449 2738 3.365 3622 ;
34 1307 1.691 2,032 2441 2.728 3348 3601 o it g "”"""‘"'!:ﬁﬂ!ﬂ!:!%lﬂﬂﬂ'ﬂﬂ!!'l!g!!*'
6 1306 - 1688 2,028 2434 2719 3333 3.582 i b 5
38 1.304 1.686 2,024 2429 2712 . 3319 3,566 3
40 1303 1.684 2,021 2423 2.704 3.307 3,551 ;
50 ' 1299 1676 2,009 2403 2678 3262 3.496
60 1.296 1671 2,000 2390 2,660 3232 3.460 4 i 1
120 1289 1658 1980 2358 2617 3,160 337
1282 1645 1960 2,326 2,576 3,090 3291 R y i ;
.
sarning, All May not be copied, scannad, or duplicated, in whols o may «Chaptarls).
eamming. May not be copied, scanned, or duplicated, in whole of in pert. Du mey be suppressed from the eBook and/or eChapter(s) S o
‘Batorial review has Congage . - "
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: 4 A12 AppendixTables
Table A.7 (Critical Values for Chi-Squared Distributions
' Table A.8 ¢ Curve Tail Areas

tcurve Area to the
right of £

K 95 95 90 10 08 028

¥

0.0 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 A68 465 463 463 462 462 462 461 461 461 461 461 461 461 461 461 461 461
02 437 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
03 407 396 392 390 388 387 386 .386 .386 .385 .385 385 384 384 384 384 384 384
04 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312

0.6 328 305 295 290 287 285 284 283 282 281 .280 280 .279. 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 285 254 241 234 230 227 225 223 222 221 220 220 219 218 218 218 217 217
0.9 |° 267 232 217 210 205 201 .199 .197 .196 .195 .194 .193 .192 .191 .91 .191 .190 .190
1.0 250 211 196 .187 .182 .178 175 .173 172 .170 .169 .169 .168 .167 .167 .166 .166 .165

11 235 193 176 167 .162 .157 .154 .152 .150 .149 .147 .146 .146 .144 .144 .144 .143 .143
12 221 177 158 148 142 138 135 .132 130 .129 .128 .127 .126 .124 .124 .124 .123 .123
13 209 .162 .142 132 125 .121 .17 115 113 011 110 .109 .108 .107 .107 .106 .105 .105
14 197 148 128 117 110 .106 .102 .100 .098 .096 .095 .093 .092 .091 .091 .090 .090 .089°
1.5 187 .I36 115 104 097 .092 .089 .086 084 .082 .081 .080 .079 .077 .077 077 .076 .075
1.6 178 125 .104 .092 .085 080 077 .074 .072 .070 069 .068 .067 .065 .065 .065 .064 .064
1.7 169 116 094 082 075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053
1.8 61 107 085 073 066 .06l .057 .055 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044
1.9 154 099 077 .065 .058 .053 .050 .047 .045 .043 042 041 040 .038 .038 038 .037 .037
20 148 092 070 .058 .0SL 046 .043 .040 .038 037 .035 .034 .033 .032 .032 031 .031 .030
21 141 085 063 .052 .045 .040 .037 .034 .033 031 .030 .029 .028 .027 .027 .026 .025 .025
22 136 079 058 .046 .040 035 032 .029 .028 026 025 .024 .023 022 .022 .021 .021 .021
23 131 074 052 .041 035 .031 .027 025 .023 .022 .021 .020 019 018 018 .08 .017 .017
24 126 069 D48 .037 031 .027 .024 022 020 .019 018 017 .016 .015 015 014 .014 .014
2.5 21 065 .044 .033 027 .023 020 018 .017 .016 .015 014 013 012 .012 012 .011 011
i 2.6 117 061 .040 030 .024 020 .018 016 .014 013 012 012 011 010 010 .010 009 .009
g 2.7 13057 037 027 021 .018 015 014 012 .011 .010 .010 .009 .008 .008 .008 .008 .007
- 28 109 054 034 024 019 016 .013 012 .010 .009 .009 .008 .008 .007 .007 .006 .006 .006
29 106 .051 031 022 017 .014 011 010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005-
3.0 102 .048 029 020 015 .012 .010 .009 ..007 .007 .006 .006 .005 .004 .004 004 .004 .004
045 .027 018 .013 011 .009 .007 .006 .006 .005 .005 .004 .004 004 .003 .003 .003
043 025 016 012 .009 .008 .006 .005 .005 .004 .004 .003 .003 .003 .003 .003 .002

0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025
0.010 0.020 0.051 0.103 0211 4,605 5992 ° 13718
0.072 0.115 . 0216 0352 0.584 '6.251 7.815 9.348
0207 0.297 0.484 0.711 1.064 7.7719 9.488 11143
0412 0.554 0.831 1.145 1.610 9.236 11.070 12.832

0.676 0.872 1237 1.635 2204 - 10,645 12.592 14.440
0.989 1239 1.690 2.167 283 12,017 14.067 16.012
1344 1,646 2,180 2.733 3.490 13.362 15.507 17.534
1735 2,088 2700 3325 4.168 14684 16919 19.022
2.156 2.558 3.247 . 3.940 4.865 15,987 18307 20.483

2.603 3.053 3816 4575 5578 17.275 19.675 21.920
3.074 357 4.404 5.226 6.304 18,549 21,026 23337
3.565 4.107 5.009 5.892 7.041 19.812 22362 24,735
4.075 4,660 5.629 6.571 7.790 21.064 23685 26119
4.600 5.229 6.262 7.261 8.547 22307 24996 27488
5.142 5812 6.908 7.962 9.312 23.542 26.296 28.845
5.697 6.407 7.564 - 8.682 10.085 24.769 27.587 30.190
6.265 7.015 8.231 9.3%0 10.865 25.989 28.869 31,526
6.843 7632 8.906 10.117 11.651 27.203 30.143 32852
7434 8.260 9.591 °  10.851 12,443 28412 31410 34.170

8.033 8.897 10.283 11.591 13.240 29.615 32670 - 35478
8.643 9.542 10.982 12.338 14,042 30.813 33.924 36.781

9.260 10.195 11.688 13.090 14.848 32.007 35.172 38.075
9.886 10.856 12.401 13.848 15.659. 33.196 36415 39.364
25 10.519 11.523 13.120 14,611 16473 34381 37.652 40.646'

26 11.160 12.198 13.844 15379 17292 35.563 38.885 41923
27 11.807 12.878 14,573 16.151 18.114 36.741 40.113 43.194
28 12.461 13.565 . 15.308 16.928 18.939 37.916 41,337 44,461
29 13.120 14,256 16.147 17.708 19.768 39,087 42557 45.772
30 13.787 14.954 16.791 18493 20.599 40.256 43.773 46.979
31 14.457 15.655 17.538 19.280 21433 41422 44,985 48231
32 15.134 16.362 18.291 20,072 222M 42.585 46.194 49.480
33 15.814 17073 19.046 20.866 23.110 43.745 47.400 50.724

PEBRR BEE5o GEBRS Sovmauo vawe—

099
096
094 040 .023 015 .011 008 .007 .005 .005 .004 .004 003 .003 .002 .002 .002 .002 .002
34 16.501 17.789 19.806 21.664 23,952 44,903 48.602 51.966
35 17.191 18.508 20,569 22,465 24.796 46,059 49802 53203 34 091 .038 .021 014 010 .007 006 005 .004 .003 .003 .003 .002 .002 .002 .002 .002 .002
SRR S g Sasn Rk L s RRLE (n S S o 35 | 089 036 020 012 009 .006 .00S .004 003 .003 .002 002 .002 .002 .002 .001 .001 .00
37 | 18584 19960 22105 24075 26492 48363 52192  S5.667 36 | 086 .035 018 011 .008 .006 .004 .004 .003 002 .002 .002 .002 .001 .001 .001 .001 .001
18 19.289 20,691 22.878 24.884 27.343 49.513 53.384 56.896 | 31 084 033 017 010 .007 .005 .004 .003 .002 .002 .002..002 .001 .001 .001 .001 .001 .001
39 19.994 21.425 23.654 25.695 28.196 50,660 54.572 $8.119 s 082 .031 016 010 006 .004 003 .003 .002 .002 001 .001 000 .001 .001 .001 .001 .001
40 20.706 22.164 24.433 26.509 29.050 51,805 55.758 59,342 39 080 .030 .015 009 006 .004 .003 002 .002 .001 .001 .001 .001 001 .001 .001 .01 .001
— 40 078 029 .014 .008 .005 .004 .003 .002 .002 .001 001 001 001 .001 .001 .001 .000 .000
2 2y (continued)
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AppendixTables  A-13

Table A8 t Curve Tail Areas (cont.)
t curve Area to the
right of ¢
0
t
f 19 20 21 22 23 24 15 26 27 28 29 30 35 40 60 120 ®(=3)
00 | 500 500 500 500 500 500 .500 .500 .500 .500 .500 .500 .500 500 .500 .500 .500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 .460 460
02 A2 422 422 422 422 422 422 422 421 421 421 421 421 421 421 42) 421
03 | 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
04 | 347 347 347 347 346 346 346- 346 346 346 346 346 346 346 345 345 . 345
(X} 311 311 311 310 311 311 311 31 31 310 310 310° 310 310 309 309 - 309
06 | 278 218 218 211 2m 211 21 21 271 277 271 271 216 276 215 215 274
07 | 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
o8 | 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
09 | .190 .189 .189 .189 .189 .189 .I88 .88 .188 .I88 .18 .188 .187 .I187 .I86 .I185 .I84
10 | 165 .165 .164 .164 .164 .64 163 163 .163 .163 .163 .163 .162 .62 .161 .160 .159
>
11 143 142 142 142 141 141 141 141 141 .140 .140 .140 .139 139 -.138 .137 .136
12 22 122 422 421 421 .21 1210 120 120 120 120 120 .A19 019 .17 .16 115
13 | 105 .04 .104 .104 .103 .103 .103 .103 .02 102 .102 .102 ..101 -.101 099 .098 097
14 | 089 089 088 .088 087 087 .087 .087 .086 .086 .086 .08 .085° .085 083 082 .08l
15 | 075 075 074 074 074 073 073 073 073 072 072 072 071 071 069 068 067
1.6 063 063 062 062 .062 .061 .061 .061 061 .060 060 .060 .059 .059 .057 .056 .055
17 | 053 052 052 052 051 051 051 051 .050 050 050 050 049 .048 047 .046 045
1.8 044 043 043 043 . 042 042 042 042 042 041 .041 041 .040 .040 038 .037 036
19 | 03 036 .03 035 035 035 035 034 .034 034 034 034 033 032 031 030 029
26 | 030 030 029 029 029 028 028 028 028 .028 .027 027 027 026 025 024 .023
21 025 024 024 024 023 023 023 023 023 022 022 022 02 021 020 019 018
22 | 020 020 020 019 019 019 019 018 018 .0i8 018 018 017 017 016 015 014
23 016 016 016 016 .015 .015 015 .015 015 015 .014 014 014 013 012 012 0l
24 | 013 013 013 013 012 012 012 012 012 012 012 01l 011 .01 010 .009 .008
25 | 011 011 010 010 010 010 010 010 .009- 009 009 009 .009 .008 .008 .007 006
26 | 009 009 008 008 008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005 .005
27 | 007 007 007 007 006 006 .006 .006 .006 .006 .006 006 .005 .005 .004 004 003
28 | 006 006 005 .005 005 .005 .005 .005 005 .005 .005 .004 .004 004 003 .003 003
29 | 005 004 004 004 004 004 004 004 004 004 .004 003 .003 ~.003 003 .002 002
-30 | .004 004 003 003 003 .003 .003 .003..003 003 .003 .003 002 002 .002 .002 .00
31 003 003 003 003 003 002 002 002 .002 002 .002 .002 002 002 .001 .001 -.001
32 | 002 o002 002 002 002 002 002 002 .002 002 002 002 .001 001 001 001 001
33 002 002 002 002 .002 .001 001 .001 .001 .001 .001 .001 .001 .001 .001 .001 000
34 | 002 001 001 001 .001 .01 001 001 .001 001 .001 001 .001 .001 .001 .000 .000
35 | 001 001 .00f .001 .001 .00f .0l 001 .001 001 .00 001 .001 .00l .000 .000 .000
36 | 001 001 001 001 .01 .001 .001 .001 .001 .001 001 .001 .000 .000 .000 .000 .000
37 | 001 001 001 001 .001 001 .00I .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
38 | 001 001 001 000 000 .000 .000 .000 .000 .000 .000 .000 000 .000 .000 .000 .000
39 | 000 .000 000 000 .000 000 .000 .000 .000 .000 .000 000 000 .000 .000 .000 .000
40 | 000 000 000 OO 000 000 000 000 .000 .000 000 .000 .000 000 .000 .000 .000 -
‘ot be copied, scanned. or duphcated, part. ey

A14

Appendix Tables

| TableA9 Critical Values for F Distributions

39

», = numerator df

3

o 4 5 6 ¥ 8 9

.100 39.86 49.50 53.59 55.83 57.24 58.20 5891 59.44 59.86

3 050 161.45 199.50 21571 22458 230.16 23399 236.77 238.88 240.54

010 | 405220  4999.50 540340 562460  5763.60  5859.00 592840  5981.10  6022.50

001 {405,284 500,000 540379 562,500 576,405 585937 592,873 598,144 602,284

.100 8.53 9.00 9.16 9.24 9.29 933 935 9.37 938

2 050 18.51 19.00 19.16 1925 19.30 19.33 1935 19.37 19.38

010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39

001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39

100 5.54 546 539 534 531 5.28 527 525 5.24

3 050 10.13 9.55 9.28 9.12 9.01 8.94 889 8.85 8.81

010 34.12 30.82 2946 . 2871 28.24 2791 27.67 2749 2735

001 167.03 148.50 14111 137.10 134.58 132.85 131.58 130.62 129.86

100 4.54 432 4.19 4.11 4.05 401 398 395 3.94

4 050 7.7 6.94 6.59 6.39 6.26 6.16° 6.09 . 6.04 6.00
010" 21.20 18.00 16.69 . 1598 15.52 15.21 1498 14.80 14.66

001 74.14 6125 56.18 53.44 511 50.53 49.66 49.00 4847

100 4.06 378 362 352 345 340 337 334 332

5 050 6.61 579 541 519 5.05 495 4.38 482 4.77

010 16.26 1327 12.06 11.39 10.97 10.67 1046 1029 10.16

001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24

E .100 3.78 346 329 3.18 i 3.05 301 298 296
®e 050 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
5 010 13.75 1092 9.78 9.15 8.75 847 8.26 8.10 7.98
g 001 3551 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
3 100 359 3.26 307 296 2388 283 278 2.75 2n
o7 050 559 4.74 435 4.12 397 387 379 373 3.68
< 010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
001 2925 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33

100 346 o 3u 292 . 281 273 . 267 262 259 2.56

8 050 532 446 4.07 384 3.69 3.58 . 350 344 339
010 1126 8.65 759 7.01 6.63 637 6.18 6.03 591

001 2541 1849 1583 1439 1348 - 1286 1240 12.05 1.77

100 336 3.01 281 269 2.61 255 251 247 244

& 050 5.12 426 3.86 363 348 337 329 323 318

010 10.56 8.02 6.99 6.42 6.06 580 561 547 535

5 001 22.86 1639 13.90 12.56 1.7 1113 10.70 10.37 10.11
100 329 292 2.73 261 252 246 241 238 235-

10 050 4.96 4.10 an 348 333 322 3.14 3.07 3.02
010 10.04 7.56 6.55 599 5.64 539 520 5.06 4.94

001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96

100 323 2.86 2.66 254 245 239 234 230 227

1 050 4.84 398 3.59 336 320 3.09 3.01 295 2.90
010 9.65 721 6.2 5.67 532 507 4.89 4.74 4.63

001 19.69 1381 11.56 1035 9.58 9.05 8.66 8.35 8.12

100 318 281 2.61 248 239 233 2.28 224 221

12 050 4.75 389 3.49 326 3.11 3.00 291 2.85 2.80
010 933 6.93 5.95 541 . 5.06 482 4.64 4.50 439

001 18.64 129 10.80 9.63 8.89 838 8.00 7.7 748
(continued)

scanncd, or duplicated, or Due

P.T.0.



3495 36

Table A9 Critical Values for F Distributions (cont.)

AppendixTables ~ A-15

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 6330
24188 24391 24595 24801 24926  250.10 25114 25177 25220 25325 25419

605580 610630 615730 620870 6239.80 - 6260.60 6286.80 630250 6313.00 633940 636270

605,621 610,668 615764 620908 624017 626099 628712 630285 631337 633972 636301

939 9.41 942" 944 945 9.46 947 947 9.47 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 1947 19.48 19.48 19.49 19.49
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50
99940  999.42 99943  999.45  999.46  999.47 99947 99948 99948 99949  999.50

523 522 S5 1.1 508 517 517 5.16 515 515 514 513

8.79 8.74 8.70 8.66 8.63 8.62 859 8.58 8.57 8.55 8.53
27.23 27.05 26.87 2669 26.58 26.50 26.41 26.35 26.32 26.22 26.14
12025 12832 12737 12642 12584, 12545 12496 12466 ~ 12447 12397 12353

392 3.90 387 384 383 382 3.80 3.80 379 378 3.76

5.96 591 5.86 5.80 57 575 572 5.70 5.69 5.66 563

© 1455 1437 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 1347

48.05 47.41 4676 46.10 45.70 45.43 45.09 44.88 4475 44.40 44.09
330 327 324 321 3.19 317 3.16 315 314 312 3.1
474 468 462 456 452 450 4.46 444 443 440 437
10.05 9.89 972 9.55 9.45 938 929 9.24 9.20 9.11 9.03

26.92 2642 2591 25.39 25.08 24.87 24.60 24.44 24.33 24.06 23.82
294 2.90 287 284 281 2.80 278 27 276 274 272
4.06 400 3.94 387 383 381 317 3.75 3.74 370 367

787 1712 7.56 740 730 7.23 714 7.09 7.06 697 689
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 1621 15.98 1577
270 267. 263 2.59 257 256 2.54 252 251 249 247

364 357 351 344 340 338 334 332 330 327

6.62 647 631 6.16 6.06 5.99 591 5.86 582 574
14.08 13.71 13.32 12,93 12.69 12.53 1233 12.20 1212 11.91
254 2.50 246 242 240 238 236 235 234 232
335 328 322 315 311 3.08 3.04 3.02 3.01 297
581 567 552 536 |, 526 520 512 5.07 5.03 495
11.54 11.19 10.84 1048 10.26 10.11 9.92 9.80 973 9.53
242 238 234 230 227 225 223 222 221 218

314 3.07 301 294 289 286 2.83 2.80 279 275

526 511 496 481 471 465 457 452 448 4.40
9.89 9.57 9.24 890 8.69 855 8:37 8.26 8.19 .00
232 228 224 220 217 216 213 212 211 2,08 1
298 291 285 277 2.7 270 2.66 264 262 258 254
485 47 456 441 431 425 417 412 408 4,00 3.92
875 8.45 8.13 7.80 7.60 747 7.30 719 712 694 678
225 221 217 212 210 2.08 2,05 204 2,03 2,00 198
285 279 2m 265 2,60 257 2.53 251 249 245 241
454 4.40 425 410 401 3.94 386 381 378 3.69 3.61
7.92 7.63 732 701 681 6.68 652 6.42 635 6.18 6.02 -
219 215 210 206 203 201 1.99 197 1.96 193 191
275 269 262 254 . 250 247 243 240 238 234 230
430 416 401 3.86 3.76 3.70 3.62 3.87 354 345 337
7.29 7.00 671 640 622 6.09 593 5.83 5.76 559 5.44

(continued)
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A-16  Appendix Tables

Table A.9 (Critical Values for F Distributions (cont.)

! ¥, = pumerator df
a 1 2 3 4 5 6 ki 8 9
.100 314 276 2.56 243 235 228 2.23 220 2.16
13 050 4,67 381 341 3.18 3.03 292 2.83 277 271
010 9.07 6.70 5.74 531 - 4.86 4.62 4.44 430 4.19
.001 17.82 1231 10.21 9.07 835 7.86 7.49 721 6.98
100 3.10 273 252 239 231 224 219 215 2.12
4 050 4.60 3.74 3.34 3. 296 285 2.76 270 265
010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03
4001 17.14 11.78 9.73 8.62 792 7.44 7.08 6.80 6.58
100 3.07 2.70 249 2.36 227 221 2.16 212 .2.09
15 050 4.54 3.68 3.29 3.06 290 279 271 2.64 2.59
010 8.68 636 542 4.89 456 432 4.14 4.00 3.89
001 16.59 1134 9.34 825 287 7.09 6.74 6.47 6.26
2100 3.05 267 246 233 224 2.18 213 2.09. 2.06
16 050 449 3.63 324 3.01 285 274 266 2.59 2.54
010 8.53 6.23 529 471 444 420 4.03 3.89 3.78
001 16.12 10.97 9.01 7.94 127 6.80 6.46 6.19. 598
100 3.03 264 244 231 222 2.15 2.10 2.06 2,03
” 050 445 359 3.20 2.96 281 2.70 261 7288 249
010 8.40 6.11 519 4.67 434 4.10 393 3.719 3.68
001 1572 10.66 8.73 7.68 7.02 6.56 6.22 5.96 575
5 .100 301 262 242 229 220 2.13 2.08 2.04 2,00
18 - .050 441 355 3.16 293 277 2.66 258 251 2.46
010 8.29 6.01 5.09 458 425 4,01 384 37 3.60
A 001 1538 1039 8.49 746 6.81 6.35 6.02 5.76 5.56
s .100 299 261 240 227 218 211 2.06 2.02 1.98
19 080 438 sz 3.13 290 274 2,63 254 248 242
J: 010 8.18 593 5.01 4.50 4.17 3.94 mn 3.63 352
» 001 15.08 10.16 828 727 6.62 6.18 5.85 5.59 539
.100 297 259 238 7228 2.16 2.09 2,04 2.00 1.96
20 050 . 435 349 3.10 287 271 2.60 2.51 245 239
010 8.10 585 494 443 4,10 3.87 3.70 3.56 3.46
001 1482 9.95 8.10 7.10 646 6.02 5.69 5.44 5.24
100 296 2.57 236 223 2.14 2.08 2,02 1.98 1.95
2 050 432 347 3.07 284 268 257 249 242 237
010 8.02 578 487 437 4.04 3.81 364 3.51 3.40
001 1459 9.77 7.94 6.95 632 5.88 5.56 531 5.1
100 295 256 235 222 213 2.06 2,01 197 1.93
”n 050 430 344 3.05 282 266 255 246 240 234
010 7.95 572 482 431 3.99 3.76 359 3.45 3.35
001 1438 9.:61 7.80 6.81 6.19 5.76 5.44 5.19 499
100 294 2.55 234 221 2.1 2.05 1.99 1.95 192
; 23 050 (428 342 3.03 2.80 264 253 244 237 232
&y 010 7.88 5.66 476 426 3.94 37 3.54 341 330
G 001 14.20 947 7.67 6.70 6.08 5.65 533 . 509 4.89
100 293 254 233 2.19 210 2.04 1.98 1.94 191
% 080 - 4.26 340 3.01 2.78 262 2.51 242 2.36 2.30
010 7.82 5.61 472 422 3.90 3.67 3.50 3.36 326
.001 14.03 9.34 7.55 6.59 5.98 5.55 523 4.99 4,80
4 (continued)
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Appendix Tables  A-17
A-18  Appendix Tables

Values for F Distributions (cor
oo el s s Table A8 Critical Values for F Distributions (cont.)

¥, = numerator df
¥, = numerator df
10 1n 15 20 2 30 “0 50 60 120 1000
o 1 2 3 4 5 6 7 8 9
214 210 2,08 201 198 196 193 192 190 188 185
267 260 253 246 241 238 234 231 230 225 221 . 100 292 253 232 218 209 202 197 1.93 1.89
410 39 382 3.66 357 351 343 338 334 325 38 i 050 424 339 299 276 260 249 240 234 228
680 652 623 593 575 563 547 537 530 514 499 010 777 557 468 418 385 363 346 332 322
210 208 201 1.96 193 191 1.89 1.87 1.86 1.83 1.80 001 13.88 9.22 745 6.49 589 546 515 491 47
2,60 2.53 246 239 234 231 227 224 222 218 2.14 . 100 291 252 231 217 208 201 1.96 192 1.88
394 380 3.66 351 341 335 327 322 3.18 3.09 3.02 o 050 423 337 298 2.74 259 247 239 232 221
640 6.13 585 5.56 538 aas. 010 5.00 494 47 4.62 010 7 553 464 414 382 3.59 342 T
2.06 2.02 197 192 1.89 a 187 1.85 183 1.82 »79 176 001 13.74 9.12 736 641 580 5.38 5.07 483 4.64
254 248 240 233 228 225 220 218 2.16 20170y 100 290 251 230 217 207 2.00 195 191 1.87
3.80 367 352 337 328 321 313 308 3.0 2.96 2.88 5 050 421 335 2.96 27 257 246 237 231 225
6.08 . 581 554 525 5.07 4.95 4380 470 464 447 L 433 010 7.68 5.49 4.60 411 378 356 3.39 3.26 3.15
203 199 194 189 1.86 1.84 181 17 1.78 175 172 001 13.61 9.02 7.27 633 573 531 . 500 476 457
249 242 235 228 223 219 215 212 211 206 202 1 y | .
L 36 3.55 341 - 326 316 310 3.02 2.97 293 2.84 276 .o:: fjﬁ : §§2 i:: §;f 222 :2? ;':: ;'zg ;gz
581 5.5 527 499 482 470 454 445 439 42 408 28 ’ i . g : :
010 7.64 545 457 407 375 353 336 323 312
g.gts) ;3: ;;; ;g 1.83 ;u; ;‘ll: ;".;: ;z: ;g }‘g 001 13.50 893 7.19 625 566 5.24 493 469 450
: 218 1 Y e 1 97-
359 346 331 316 3.07 3.00 292 247 " %943 275 2,66 ‘m f’fg gg‘; g'g g;g ;‘s’g ;'23 ;g: ;gg ;gg
5.58 532 508 478 460 448 433 424 418 402 387 29 ‘e i 5 i 5 ¢ ; s g ;
. i : { in 3.50 333 320 309
1,:7 ;;: 1.89 ;.u 1.80 178 ;;: 174 ;g :.2 :.g 001 13.39 8385 7.12 6.19 5.59 518 487 464 445
g" o e 22,; 3:“): 7,:;; :‘;; 5 ;:‘_;: 26 o4 o 5 100 288 249 228 2.14 205 198 1.93 1.88 185
$39 /813 AR AS o aAd 430 415 4DS LA00SBBA |39 S5 e TENEEEE  225 28) 29 2k 28 22Tl el
H 2010 7.56 539 451 402 370 347 330 317 3,07
1.96 191 1.8 181 1.78 176 L73 L7 1.70 1.67 164 001 1329 877 7.05 6.12 5.53 5.12 482 458 439
238 231 223 2.16 211 207 203 2,00 1.98 193 1.88 i
343 330 3.15 3.00 291 284 2.76 27 267 2.58 250 ? S84 2881102330 1 4209 o 200 193 1.87 1.83 179
522 49 470 443 426 414 3.99 3.90 3.84 368 383 I %0 :f: ;g‘l’ ;‘ﬁ }: gn:; §;f g;; 225 218 - 212
19 189 1s4 179 176 174 17 169 168 L4 161 « 3 y ’ : ; ; 2 SR L A e
s 14 L5 a N 3 o e e L 001 1261 8.25 659 570 513 473 444 421 402
827 o 500 o 4 1% 26 264 2%t 25 S5 100 281 241 220 206 197 1.90 1.84 1.80 1.76
5.08 482 456 429 412 400 3.86 377 3.70 3.54 340 50 :‘.’ ;“’3 :“)2 i-;: 232 240 229 220 2.13 2.07
192 187 183 178 174 169 167 166 162 159 ; : > ; 241 319 . 302 ° 289 278
3 YT Ty T 210 205 201 1.96 194 192 1.87 182 ol N L R MR S ) L S S R R
331 317 3.03 288 279 2m 264 258 255 246 237 - 100 279 239 2.18 204 1.95 1.87 1.82 L7 1.74
495 470 444 417 4.00 388 374 364 358 342 328 60 -050 4.00 315 276 .253 237 225 217 210 2.04
19 186 181 176 173 170 167 165 1.64 1.60 157 | e 108 ARS.. A S S SRRy ARy A
230 223 215 207 202 198 194 191 1.89 1.84 179 -001 1197 771 617 531 476 437 409 . 386 3.69
3.26 312 298 283 273 267 '2.58 2.53 250 2.49 232 100 276 236 214 2.00 191 1.83 178 L7 169
483 458 433 406 389 ° a8 3.63 3.54 348 332 317 100 0850 3.94 3.09 2.70 246 231 219 210 2.03 197
1.89 184 1.80 1.74 &1 1.69 1.66 1.64 1.62 1.59 155 010 6.90 4.82 398 351 321 299 282 269 - 259
227 220 2137 2,08 200 196 191 1.88 1.86 181 176 001 15 . 741 5.86 5.02 448 411 383 3.61 344
321 3.07 293 278 2.69 2.62 2,54 248 245 2.35 227 100 2.73 233 211 1.97 188 1.80 175 1.70 1.66
4n 448 423 396 379 3.68 353 344 338 EP ) 3.08 200 080 3.89 3.04 265 242 226 214 206 1.98 1.93
188 1.83 178 173 1.70 1.67 1,64 1.62 1.61 1.57 1.54 010 6.76 471 388 341 3.u 289 273 2.60 250°
225 218 1 203 197 1.94 1.89 1.86 1.84 L 1.74 001 1115 715 5.63 481 429 39 3.65 343 326
.17 3.03 2389 274 264 258 249 244 240 231 222 100 2.7 231 ¢ 209 195 1.85 1.78 1.72 1.68 1.64
464 439 414 387 37 3.59 345 336 329 314 299 1008 050 385 3.00 261 238 227 (3.0 v 2.02 1.95 1.89
(continwed) -010 6.66 463 3.80 334 3.04 282 266 253 243
A S s it SR -001 10.89 696 5.46 465 414 3.78 350 330 313
= i (continued)
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Appendix Tables
Table A9 Critical Values for F Distributions (cont.)
¥, = numerator df
10 12 15 20 25 30 40 50 60 120
1.87 1.82 .7 172 1.68 1.66 1.63 1.61 1.59 1.56
224 2.16 209 | 2,01 1.96 1.92 187 1.84 182 . 1.77
an 299 285 270 2.60 254 245 240 236 227
4.56 431 4.06 39 3.63 352 337 328 322 3.06
1.86 1.81 1.76 n 1.67 1.65 161 1.59 158 . 1.54
222 215 207 199 1.94 1.90 1.85 1.82 1.80 175
3.09 2.96 281 2.66 257 250 242 236 233 223
‘448 424 399 372 3.56 344 330 321 3.15 299
1.85 1.80 175 1.70 1.66 1.64 1.60 1.58 1.57 1.53
220 2.13 206 1.97 192 1.88 1.84 1.81 179 1.73
3.06 293 278 263 254 247 238 233 229 220
441 417 3.92 3.66 349 338 323 314 3.08 292
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 152
219 2.12 2.04 1.96 191 1.87 1.82 1.79 7 1.7
3.03 290 275 2.60 251 24 235 2.30 226 217
435 411 3.86 3.60 343 332 3.18 3.09 3.02 2.86
1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51
2,18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70
3.00 287 273 2.57 248 241 233 227 223 214
429 4,05 3.80 3.54 - 338 327 312 3.03 297 2.81
1.82 177 1.72 1.67 1.63 1.61 157 1.55 154 1.50
216 2.09 201 1.93 1.88 1.84 179 176 - 174 1,68
298 2.84 2.70 2.55 245 239 230 225 221 211
424 4.00 375 349 333 322 3.07 298 282 2.76
176 171 1.66 . 161 157 154 1.51 148 147 142
-2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 158
280 2,66 252 237 227 220 211 2.06 2.02 192
3.87 3.64 340 314 298 2.87 273 2.64 2:57 241
173 1.68 1.63 157 1.53 150 146 144 142 1.38
2.03 195 1.87 178 173 1.69 1.63 1.60 1.58 1.51
2.70 2.56 242 227 217 2.10 2.01 98 191 1.80.
3.67 344 320 295 2719 268 253 244 238 221
171 1.66 1.60 1.54 1.50 148 144 141 1.40 1.35
1.99 192 1.84 175 1.69 1.65 1.59 1.56 1.53 147
263 2.50 235 220 2.10 2.03 1.94 1.88 1.84 1.73
3.54 332 3.08 2.83 2,67 255 241 252 225 2.08
1.66 1.61 1.56 149 145 142 1.38 135 1.34 1.28
1.93 1.85 1.77 1.68 . 162 1.57 1.52 148 145 1.38
2.50 237 222 207 1.97 1.89 1.80 1.74 1.69 1.57
330 3.07 2.84 2.59 2.43 2;32 217 2.08 2.01 1.83
1.63 1.58 152 1.46 141 1.38 134 131 1.29 1.23
1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30
241 227 213 197 1.87 179 1.69 1.63 158 1.45
312 290 2.67 242 226 215 2.00 1.90 1.5_3 1.64
161 * 1.55 149 143 1.38 1.35 130 1.27 125 1.18
1.84 1.76 1.68 158 1.52 1.47 141 136 133 1.247
234 220 2.06 1.90 1.79 1.72 1.61 1.54 1.50 1.35
2.99 2n 254 230 214 202 187 177 1.69 149
tahatk scamned, o deplicated, Yor eChaptar(s),
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