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State whether the following statements are True or False. Just_ify.youf answer.

(1) In linear regression models, 1 value i$ invariant to changes in the unit of
measurement, as it is dimensionless.

(i) An addition of a variable in a regression model with 30 observations and 4
varizbles, would always lead to a rise in the R2and adjusted R?, given that the
zdditional variable is statistically significantly different from zero at a=20%.

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

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

)In a’mfﬂtiple regression model Y; = B, + B, Xz + P3Xa; + 1y, testing @ joint
restriction Hy: B, = B3 = 0 is same as testing for Hy: , = 0 and Ho: 3 = 0.

(5x3=l 5)
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2. (a) Consider the model '
Y =B+ B Xar BaXa +

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. '

. (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 X5 be the hours spent on Mathematics coaching during a week, X3 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 obtaincd as below:

P.T.O.
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X, =10K%, =57 =12 n=23

Z,xz—122x2x1—82x3_122352)’—102"3)’ 82)’ =10

X2, X3 and y arc variables mcasured in deviation form.

® Estimate the following regression Y = f3; + f,X,, + B3X5, + y,

(i)  Estimate the standard errors of the slope cocfficients.

(ili)  Obtain R?of the regression.

(_iv) Interpret the slope coefficients and comment on their statistical
significance. -

et i e S iia av2 s

(2+3+1+2)‘
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X, =10,%; =57 =12 n=23

D B=12) 0 =8) =12 xy=10,) xy=8) y* =10

xz._xsmyﬁaﬂawﬁmmwﬁl

(i) FPFTRRRE SREwa T AT TC Y, = B, + BoXqy + BsXar + Ui

(i) e IoTF f AwF JRAT F1 HAF T

(i) wfATHa & R? wreg Ao

(iv) e T i sarEar Hifer R 3AE WikEHT Aged W ool
Eﬁrﬁml ' _ | . T (2+3+142)

3. a) 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 fol]owmg regression (original): .

#, = 102,192 — 9075 N + 0.3547P; + 1.288 J;
" se= - (2053) (0.0727)  (0.543)
n=22 R2=0579 RSS=238427 .

where Y = gross sales volume, N =the number of competitivé restaurants nearby, P =
the population nearby, and I = the average household income nearby.

(i) Interpret the slope coefficients of the regression 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:

?; = 98,125 — 8975 N; + 0.360 P; + 1.301 [; + 58.07 4;
sc = (2082) (0.074) . (0.‘550) (95.21)
n=22 R?=0.695

Do you think adding a new variable A has 1mproved the fit of the cquation? 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 crror in the model? ‘

P.T.O.
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average houschold incomc (1) is not measurcd corrcctly What are

(v) Supposc the
f this on the propertics of the OLS cstimators? (2- +2 +3+3+2)

the conscqucnccs O

b) The following regression is run on 240 observations.
= fy + B2 Xt + BaXai + BaXai + Ui
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 Altcrnative hypotheses. Do you think that the test is
valid if the regression is run on 10 observations? (2+1)
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9, = 102,192 — 9075 N; + 0.3547P, + 1.288 I;
se = A . (2053) (0.0727) ' (0.543)
n=22 R?=0.579 RSS=38427

SEY = Wfaﬁr@rm N—mwﬂ:mqtﬁmﬁa‘@r

P = mwﬁm AR | = I qmaﬁrsﬂvaaiﬂml

0 _qﬁmmRzﬁmmﬁmmﬁl
(i) mﬁv%mm%qﬁmﬁwmmAaﬁgﬁ%mA—

‘melmmmmﬁﬁmqﬁmwﬁaﬁﬁm

_ f, = 98,125 — 8975 N; + 0.360 P; + 1.301 ], + 58.07 4,
se = (2082) (0.074) -(0.550)  (95.21)
n=22 R*=0.695

MW%%wmwAm#W$mﬁm§m
&2 F4f, F=f 76 .

(iii) mmmm(u)ﬁmmwmmmm%
3T AT & IR T @ G &2 T WA B 5y oF

(iv) mﬁmrﬁﬁﬁmﬁmﬁm'mmmqﬁm

g (Ramsey RESET Test) & 3mafard A Y '

(V) mm%mmmu)aﬁuﬁrm#aﬁmm%lm
oLs HFATAHT F IO R FIT. TG 95T F? (2+2+3+3+2)
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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 Graduatc 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) Wnte thc estlmated 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 spec1ﬁc 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 modxﬁed if quahtanve variables interact -
w1th each other? : : 2+2 +2+2+2)

b) A random samplc of 200 vehlcles 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)
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(i) 3Rt H{F T (intercept dummy variables) a?r:m'u’mmgtf AGl T
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2. Crarmery énz on country AYZ was collected for the period 2005-2019 to estimate the
ceizricn erwmern foveign direct investment (FDI), trade openncss (TO), gross domestic
prevdes (GIY) znd exchange vate (), TO i defined as ratio of export plus imports to GDP
st ¢ = tzend, Pollersfing regression vas eastimated: ' C

Fiol, = =056 4 0017 P =~ 002570, 40.006 GDPy -\ 0.34 ¢
e = (007 (0.01%)  (0,004) (0.015) (0.09)

72 =0004  d=1.45

(i3 Sraergret the estimated slope coofficlonts, 1o you subpost kome problent with the

HArIE TER AN
O35y Wit s the imture of the provlem’! How do you Jnow? Bxplain L contequences?

Iy e 11 / v \
Por S, 4[4 A rff//,mm//-i’ /Ig»,,m,lf Aoty o WIHE ihls teansformation solve the

prekietn misstionsd in (1) above’? Hov/t Can you compire R of thin model with the
11485 et r/el]
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(iii)Suppose now the regression is estimated as given below:
FDT, = —0.74 — 0.042 TO, + 0.41¢
se= (0.057) (0.019) (0.364)
R?=0.896 d=1.34

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

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

(iv)If the errors obtained from regression specificd in (iii) above follows higher order
autoregressive process then how would you test for scrial 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,

(2+3+3+3+4)
s.aarXYzwzobs-zmgé?rsﬁﬁr#i%m?mﬁa:gzrmﬂ faefr fader (FDI),
azmugaww(m),maﬁam@omaﬂw%ﬁcma(ﬂ#ﬁ#a‘uw
FAE T & AT wET fRr Irr anl TO Y AT AR T & I &
T F R R g ¥ 3Rt = vaR i@ gfaese &1 sgae
ST T AT ' |
. FDI; = —0.58 + 0.012 E, — 0.025 T0, +0.006 GDP, + 0.34 t

se= (0.097) (0.013) (0.004) 0.015)  (0.09)

R?=0.904 d=1.45
(u)mﬁammﬁmm|wmmmm$m
TO FATAT F HeE 67
(n)mﬁﬁﬁw%ﬁmmwmmm
GDP-—ﬂo plGDszGT:; B g e wug-qﬂaéﬂm(ii)ﬁsﬁ@a
mmmﬂ?%@?wmwnﬁa%##@mmm
¥ F TFd &7 )

(iii) AT AT B 3@ SfewTAe 1 g A R o

FDI, = —0.74 — 0.042 TO, + 0.41t
se=  (0.057) (0.019) (0.364)
R?=0.896 d=1.34

P.T.O.
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gﬁmmmﬂ-mgmammmmﬁummamwmwﬁm qfyaror
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(v)um(ui)ﬁfaﬁw:wfama:ﬁaa&ﬁ,mmﬁﬂzﬁrmwwwmw
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FgeT 41 39 BeT? TS|
of a country wants to t
rates arc high. They o

afreror @R @A
o R aRyor W 39

rimes (midor thefts) are higher

estif petty €
iables and ran the

btain data on scveral var

6. a) Thec Home Ministry
¢ country.

in statcs where poverty

following Cross section regression for 35 states in th
C; = 6275+ 0.1147 PR, — 0.0712 LRy + 0.0862 SDP;
Sc = (3.125) (0.02713) (0.0361) . (0.03834)

n=35 R=0.6876

where C = Crimes per Iakh of population

PR = poverty rates
LR = Literacy rate

SDP = State Domestic Product '
(1) A priorib what signs arc expected for the explanatory variables? Explain your
answers. . e : B oo :
£ fit of the regression (Usca= 5%)
ere obtained:

(ii) Test for overall goodncss ©
(iii)  Another model was also used and following results w
InC; = 2.142+ 0.01186 InPR; — 0.0548 InLR; + 0.0921 InSDP;
(0.03647)

Se = (1.102) (0.0673)  (0.0259) '
n=35 R2=0.7923

Interpret the coefficient of In SDP.
(iv) How will you conduct MacKinnon-White-Davidson M

which model is better? Write all steps clearly.

- i

WD) test to select
(2+2+2+3) '

b) The regression equation given in part (a) is modified as follows:

(= 23.83 -0.0089 LR,

on states, by ordinary:

ng 50 cross-sectional observations
s were

heteroscedasticity related to LR, scparate rcgression

This equation was estimated usi
highest.LR. The sum of

lcast squares (OLS). To check for
run for the 17 states with the lowest LR and the 17 states with the

-
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squarcd residuals for the Jow LR states was 270, The sum ofm‘lunrc(l residuals for the high-
LR states was 90,

(1) Computc unbiased cstimates of the variance of the error term in the (wo
subsamples,

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

(iii) Regardless of your conclusion for part (i), 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/I,R,' vhere ¥ = an unknown

constant. Explain how you would transform the data to satisfy the classical
assumptions, . (2*3=06)

6.%) foFHh &1 F1 g AAew Up SN wwar § 5w o sy (AR o)
39 T A A#0F § S 70 T HiUE ¥ 4w W 3 wed w € AR
au & 35 gl & v fawAfafla wia dgest 9RAT #1 HeAe T 8

C( = 6.275 4 0.1147 PR, — 0.0712 LR, + 0.0862 SDP,
Se =(3.125) (0.02713) (0.0361)  (0.03834)
n=35 R=0.6876

el C = 9y A FAHET W AR
PR = 041 X

LR = ATERAT &7
SDP=ITFJUW‘3?‘?TK

(i)wmmmﬁmmmmﬁmmﬁ
wmr@:ﬁ?«in

(i) vfamas & Rhe & AT I3eor & T e S (« = 5% @
ganr o)

(:ix)wﬁmmmmmmmmmm@'

InC, = 2.142.+ 0.01186 [nPR, — 0.0548 InLR, + 0.0921 InSDP,

P.T.O.
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(0,0673)  (0.0259) (0.03647)

Se = (1.102)
n= 215 R? = 0.7923

vy W Uil Wy s N

In

g & R T Afveifer-cgrse-3fasEa (MWD)

(iv) BT [ AIET AE R
(2+2+2+3)

T $ HHE? wa ROl e w9 J v
W) N (®) ¥ R v afRarRe FHEERY & AR e fRar I §:

= 23.83 -0.0089 LRy

SqEeT S §E WAIRTOT W IR T arar Al
Rredfar (heteroscedasticity) 1 sira F@ & AT, gag A LR ard
17uﬂfmmmaﬁ17maﬁﬁmm-mqﬁvmﬂy§nm

mﬁvz}l%mmma:ﬁvaa‘rmwammzm a7l 3=9-LR
‘nﬁ%maﬁmﬁw‘immso an

(i)asqmﬁgﬁqaazmxm-mﬁmml -
(ii) :ﬂgm-aaiszqﬁmwﬁmwaswwmmm

iy s (i) & T 3maE fresd ¥ araeE, AW Ao B R
wﬁm%mgﬁﬂﬁmmmxwaz Var(g) =
/iRy TEY = T HAT A sz e B AT AR A

o e A & BT Fer @ A AR T (2+326)

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) R2=0.448, n=30
where Price is price of TV measured inRs. . ,
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 cqcﬁ'xcient of price statistically different from 1? Test at 0=2%.
(i) Calculate the elasticity of sales revenue with respect to price if average sales
revenue is 300 and average price is 100? ) :
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(ii1) How would you test that an increase in ndvertising expenditins sl sy 2
increasc in sales revenue that is sufficient to cover the Increnead anvaghicisy
expenditure? Clearly state the null and alternative hypotheses, '[est 46 4~/

(iv) Estimate the sales revenue for a price of Rs 6 and an advettising ez panditine
of Rs 1,200. (949457

b) Consider the following regression Y = B, X 4 jy where f§; is the OLS estirnator of fy.

(1) Find the value of f3,. ;

(if) Find V(8,) , :

(i)  Verify that 3, is unbiased. (5)

| ¥
7.a)aaﬁﬁﬁ$ﬁva§mﬁammmm%: ]
Sales =118.91 - 7.908 Price +1.863Advert 2

se=  (6.35) (1.096) (0.683) R? = 0,448, n=30
Sigt price & H FAF IIA F AT FGr B

Salesﬁﬁm%aﬁTAdvenmmﬁlmﬁkmMﬁ
TR F9X & AT F7ar ¥
(|)HTW$TWWMW#1#@H%" a=2% R
|
»(ii)ﬁm?ﬁvﬁﬁﬂ-mﬁmﬁmﬂmﬂﬁm_ﬁﬁ
ToRT 300 ¥ FR T AEw 100 B2 '
(|||)mﬁmwmﬁ#mmﬁqzﬁlﬁﬁﬂmﬁqzﬁl
mmﬁgmwﬁmmﬁmm#mm%ﬁ—
qﬁ'—q?rraﬁﬁmw?raam a=5% T TFT A

(uv)szqﬁﬁrmaai\?uoom%ﬁamw%mmﬁrm
ﬂmml . (3+2+3+2)

@)ﬁmﬁﬁamwﬁaﬂmﬁn B1X+ulGlBTﬁlﬂla?TOLS3i?ml?r"
I

- (i) B, & A AT ffSA|

(i) V(B,) @f3A1

(ili) TR # R 5, focaer &) : | (5)

P.T.O.
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nrp  Appendls D Rrafistical Takles

TABLE D1 Example
Aveas Under the Prib< Z<1.96) = 0.4750

Standerdized Kormnal
Distribution Pr(Z=1.96)=05- 0.4750 = 0.025

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

0000 0040 00BD 0120 .0160 .0199 0239 0279 0319 .0359
‘0398 0438 .0478 0517 .0557 .0596 .0636 0675 .0714 0753
‘0703 0832 .0871 .0910 .0948 .0987 .1026 .1064 1103 1147
1970 1217 1255 .1293 1331 .1368 .1406 .1443 .1480 .i517
554 1591 1628 .1664 .1700 .1736 1772 .1808 .1844 1879
1015 1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224

2287 .2291 .2324 .2357 .2389 .2422 2454 .2486 .2517 .2549
2580 .2611 .2642 .2673 .27Q4 .2734 2764 2794 2823 2852
2881 .2910 .2939 .2967 .2995 .3023 3051 .3078 .3106 .3133
3159 .3186 .3212 .3238 .3264 .3289 3315 3340 3365 .3389
3413 .3438 3461 .3485 .3508 .3531 .3554 3577 .3599 3621

3643 .3665 .3686 .3708 .3729 .3749 “.3770 .3750 .3810 .3330
3840 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 4441

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
A713 4719 4726 4732 4738 4744 4750 4756 .476] A767
A772 .A778 4783 4788 .4793 4798 .4803 .4808 .4812 .48l 7

4821 .4B26 4830 .4834 .4838 .4842 ,4B46 .4850 .4854 4857
4861 4864 4868 4871 .4875 .4878 .4881 .4884 .4887 .4890
4893 4896 .4898 .4901 .4904 4906 .4909 .4911 .4913 4916
4918 4920 .4922 4925 .4927 .4929 .4931 .4932 4934 4936
4938 4940 4941 4943 4945 .4946 .4948 .4949 4951 4952

4953 4955 4956 .4957 4959 4960 .4961 4962 4963 .4964
4965 4966 4967 4968 .4969 4970 .4971 4972 4973 4974
4974 4975 -A4976 4977 “.4977 4978 4979 .4979 .4980 4981
4981 .4982 4982 .4983. .4984 4984 - 4985 .4985 4986 .4986
4987 4987 .4987 .4988 .4988 .4989 .4989 ,4989 .4990 4990

S99 9002992
OIS A WN — O Oy

N b ad ol o o S d
VWV LWAWN= ol

NN
N

NN R MO N
VoV LA Ww

b
(<)

Note: This tablc gives the arca in the right-hand tail of the distributioa (L¢., Z 2 0). But since the normal distribution is
symmetrical about Z = 0, the area in the lefi-hand il i the same 15 the area in the comesponding right-hand tai. Foe examplé,
P(=196 < Z < 0) = 0.4750. Therefore, (=156 < Z < 1.96) = 2(0.4750) = 0.95.
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TABLE D.2
Percentage Points of

the 7 Distribution

Source: From E. S. Pearson and
H. O. Hartley, eds,, Blometrika
Tables for Stotisticians, vol. |,
3d ed,, table 12, Cambridge
Unlversity Press, New York,
1966, Reproduced by
permission of the editors end
trustces of Blometrika.
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Example

Pr(t > 2.086) = 0.025
CPr(t>1.725) =005 fordf=20

Pr(jt| > 1.725) = 0.10

‘a/
)
]

I e SN §

Note: The smaller probability shown at the head of each column is the area in one tail; the larger probability is the area in
. both ails. ) ‘

P.T.O.

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

Example

Pr(F > 1.59) = 0.25

Pr(F > 2.42) =

0.10

Pr(F > 3.14)=0.05

fordf My =10
and N, =9

5% area

1% arca

Pr(F > 5.26) = 0.01
0 3.14 5.26 F
- df for. - \ SR
 denom- LSS df for numerator N o2
Inator T : — .
-~ Ng P 1 270 4N 8 6 7.500808 k9 R0 n 12
S 25 /583 . 72.50 - - 820 ¢ 8.8 __"_f8:82_.‘ 8.98.°7:9.10 ©9.19. . 926 -9.32.. 936 941 .
i 13 399 49.5 ¢ 536 /5721582, 589 594599 €0.2.. 605 607 .
o o os 161°777200 - 216" 12347 U370 239N 241 242 © 243 244 ¢
ol 02,87, 3:007 3NN ST BRI £ | B T T H e B Lt 337‘ 338_,; 3139:.7.73:39
2227110 853 °9.00 9'16 933 7 935 937 938939 9.40 - 9.41
' .05 185 1190 19.2° 9.3 194 - 194 194 19407194 194 -
.01 985 \_j_;-'~99o 199.2 RA099.3, 019937, 994 99,41 1 99.471199.4°: 519945 994
Fard -.25 202 228 236 1239 241 0242243 244 244 244, 245" 1245
s 554 546 539 ©534:7531. 528 527 525...524 523 522 .5:22¢
% e .05 104 9557 928 '9.12%..9.01. . 894 889 885 881 879 876 -874.
S [a01.7341 5308 295 287 282 229 277 2725 273 0..27.2 02700 270 -
|28 T 1B 42,00 E 2.05" 2061‘-.,"';.2.07,' 208208 208 208 208 208 208
4 00, 454 0432 SA19°%1 41100405 401 . 398 395 394 7392 391 390
05 771 694 659 639 626 616° 609 604 600 596 594 591
01 212 180 0 1167 11607 (155 152715070 -14.8714.7° - 4.5 144 144
25 169 185 - 1.88 - 1.89- 1.89  1.89 ~ 1.89  1.89 . :1.89 01,890 0 1.89 1.89
5. 110 406 378 362 352 345 340 -~ 337 334 332 .330°- 328 327
e 05 661 579 541 7°519° 505 495 488 482 477 474. 471 468
01 463 13370120 7 11470110 20102771057 °10.3.4.7102;7 10107996 -9.89
d.257 .62+ 1767 178~ 179001797 178 17807 1.7811.77:A77.5 177 1377
6 |10 378 346 3.29 = 3.8 311 305 . 301 298 296 ''294 292 290
05 599 514 .476::-453- 439 428 °.421 415 410 4.06 4.03. - 4.00
0175137, - 109 . 79.78. 7915 87577847 . ~826 810.77.98 787" .7.79 7.72
25 "ASTI 02000 72 720 AL 70,170 0. 169 0 169, 1.69 1.68
7 10 359 326 3.07. 296 288 283 278 275 272 270 268 267
05 559 474 435 412 397 387 379 373 3.68 3.64 3.60 357
01 122 9.55 845 785 746 719 699 684 672 662  6.54 6.47
25 154 166 1.67 1.66 1.66 165 -1.64 164 163 _1.63 163 1.62
8 J0: 0346 301 292 2.8V < 273 .2.67. 12.62. 259 256 254 2.2 250
3 05 532 - 446 407 384 . 369 358 350 344 339 335 331 3.28
G0 13 - 865 2595 137,01 6,635 637 -6,18",- 603 " 591" 581,573 . 5i60
e LS AT 62 1635 .63 162, i1 6050060k ¢ 1i89: 089 S 41,58
g - |10 336 .-301 281 . 269 26 255 251 1247 244 242 - 240 238
2 05 512 426 - 3.86 :3.63 . 348 3373290 323 318 3.14: 310 3.07
01 106 < 8,02 ~6.99 5642{.76.0_6 .5.80 561 547 <5.35.. ::5.26 ',|518 5.1

Source: From E. S. Pearson and H. O. Hartley, eds., Biometrika Tables for Statisticians, vol. 1, 3d ed, tsble 18, Cambndgc Umvetsxty Press, New York, 1966.

Reproduced by permission of the editors and trustees of Biomerrika.

-
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Stathtlcal Tilles - 191

XA : N LAl s | df for”.
PR (MG df for numerator Ny sk 1 denom-
N , n T e o . 4 Inator. .
150020 . 24 . 30 40 50 60 100 120 200 500 oo Profb, Ny
949 ©.958 963 967 971, 974 19,76} 1. 978 980 982 ' 9.84 985 25
SU61.20 Y617 620, 623 325' 627 628 630 631‘ 16320 633633 .10 1
Sy246. 248 249 K250 250 2523, 12527 253 1253 i9kg 2547 254" 08
""3;41' 343 3430 344. 345 1345 346 347 3.47» 3.48 7348 . 348257
942 9.44 945 (946 947 ..19.47:0947. 948 . 948 9.49 949 0|
. 19.4 19.4- :195 {1937%195:::19.5% 1195 2195k ¢ 19.50 ;1,9,5‘.' 05
994 994 995 o9 : 99
TNN246 246 246 247 N3,
.s,_zo 518 518 517"
7870. 866 864 862
259: 26772665 265"
zosv-f- 2,08 2,08 2,08
; "3:87 73,84 383;»
1.5.86 7 580 577
£ 1407 13.9 <373,
: £i21.88.: 771,885 L

321,

'"2 58

.~'1;7'5"~';. 9
$2.80 - -,

'282
3.84.
'731

167

381 1“377
YoREE: j;.-:

s

256

160 V0
_240'

238;[,

T 276175375 §
"442 440  

(Continued)

P.T.O.

pe

S —

N

o
X

i e kel

AU o Prgd rw

o4
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882 Appendix D Sratistical Tables

TABl.‘E D.3 Upper Percentage Polnts of the F Distribution (Continned)

e
190) N y ¥ 54 U v v ] ——
dffor_ RGN . 13 (GERERIATEE e\ o ST ] (4
“denom-|. 3 : : df for numerntor Ny faal

e _

- inator - - Y : . ‘ R ‘ ———_
N2 Pr - Tios, .2 3 4 5 6 7 8 9 10 1" 1

25 149 1.60 1.60 159 159 158 157 . 1.56 158 Wﬁ"
S 10 3.29: 292 273 2.61 2.52 2.46 2.A§l ?38 2,32 2,30 2.8
N0 1705 496 400 371 348 2333 322 394 307 12,98 12,94 291

Lo 00 T 7.56 655, S99 5.64 - 532 520 5.06 '11!:5 477 4
SR S a7 01,680 188187 o 186 1S5 1S4 1,53, $2 082 g
LT a3 2,860 URRET (254512451, 239 ¢ 234, 12,30 4 225 223y

M |'os a3 - 398 3.59 - 336 . 320 309 301 - 295 (285282 3%
01 . 965 721 622 567 532 507 489 .474

' 6 B IREAR R I I 1,51 1.50 1,50
25 1467 1.56 . 1.56 . 185 184 183 152 1.5 Vit
2 430 3as 281 261 248 . 239 2331228 .2.24 . 219 237 5
o1 193300 693 595 541 . _5.06 482 464 A4S0 430 422 4.6
B 28 CAEAB VLSS 155y <1253 A2 1 LIS T .50 1,49 1,48 147 1.47
NENI0 0 03047 2760 2056 -0 243 ('2:35: . 2,28 7.1 2.23 1:2:20.0: 276 214 212 290
Jos 467 3.81 3.41‘;‘ 318, 13,03 292/ 2.83 1277702710 12,67 1 2,63 260
01 9.07°%6.70 . 5745 5210486 4.62 444 10430 1408 410 L 4,02: 0 3,06%
R ;;_;23;2-?144__,‘1'.53' Y I ERNS 7 AN ) R ,150‘:»‘ 1.49 46" 146 . 145
AT 53005 2:735 - 2524 LE2:245057219 210 2,08 205"
105 460 374 3. 34_“ 12,8551 2,76 +2160 . . 257 2,53
01 - 886 651 556 _ ? 4.46' 4.28: \ §g94 /386 380
{25 143 1s2 21552021 L1480 147 J1AS 144 144
P hed DAL IS .3.97“ 1217071 72:495 - ,‘221\ 246 206 204 202
Sn T2 05 454 3,680 73029 TI2.79%0 20718

2,90 Liy 259 254 251 248
200010868 6360 ,5'.4'2_ 489 1 456 . 432 ° 414 4-°Q~."?~f 389 .1°13.80. 373 367
BT | 25 A gt ST IS S0 U TAs U 47 1Me 144 1,43
16 |10 305 2677 246 2337 224 ¢.218 213 : .99
L0 |05 449  3.63.. 324 301 285 274  266. 4. 2,42
20177853 6:23:53045129' <,4..77.»; 444 420 403 3,55
2515142 81N IS0N, F149 05147 5 146 1457 T
1077 3,037 7 2,641 U244 0023141022200 218 210, 111967
05 445  3559....3:20 - 296" 281 - 270 . 2.6 . 2, 41, 238
01 840 611 518 467 434 . 410 393 379 368 . 359 352 346
25 141 . 1500 149 148 146 1. 1144 . .1.43 142 142 1410 140 |
0. U301 206215-52/42: 112,29 10102,20 T2 204 .. 200 1 .98 196 193
7|05 4400, 3,550,036 12193 2572 20 A28V 0 2,46 . %2i41 00 237, 234
01 829 .-:-6.01- " 5,097 4,58 425011 4::°37157:3.60 _*'3'51 ’_ 343 337
o l2s o141 :,149 21349, S35 1.4 -.141 140 1.40
19 |10 2997 261 240 o 1.91
;> | -052:7:4.38%5 73,62, 311350 ¢ 21314
.01 818593 ,' 5.01 U . 4330
.2_5:,.:.‘:140 1497 1487 139t
10 ¢ £21597°2.38: g "189
3490 130N 2285
i '5.852,;' 4.94 -1 4:43; 323

L
w
o

i7"

18

329
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{

$y
3 %

£ : “.df for numerator Ny’ Lo -| denom-
- e . T TR Ty - - Inator
15 20 24 - .30 50 .7.60 100°-- 120" 200~ "500
15382 - 152 15T 1,50 © 150 . 1.49 © 149 149 148
2.24 220 .218 216 212,211 209 208 207 . 206
285 277, 274 . 270 264 . 262 259 258 256 255
4.56 441433 428 412 408 401 400 396 393
1.50. 149" 1497 148 . A7 147 0 146 146 . 146 1.45
247 242 0 2000 2,08 2,04 203 200 200 199 198
2727265 261 1257 - 2517249 7°246' 245 243 242 .
425 410 402" 394 86 3.81 & 378 371- 369 366 -3.62
1148 147 SRV 145 «144 144 11430143 143 142
. ' 197701196 - 1,94 1:93,7%1,92 " =
240 02380 . 2350 234" 232 231_
62 357 3,54 ‘-3.47, o 345 3"41,"1‘

169
9 ' 1.97:
69, 26472, 61

£ '»2,6‘3}'
21,33 11632 %

170

68 A

1. 67

195 191 1

2347 _2 52 .

(Continued)

P.T.O.
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TABLE D.3 Upper Percentage Polnts of the F Distributlon  (Continued)

dftor | T R RERATRC bR ARRETRERT: ao
- denom-| o s RA oL df for numerator Ny
Inator < x T =
Nt Pr TR 2 PN RS a6 - T N8y 497 g6 Ty WB3
T 25 o 140L 148 T47 145 1442 14T Td0: 139 1390 138 1y
5y |10 295 256 23500 2220 2130 002,06 °200 192771193 190~ 188 186
.05 430 - 344 - 305 282 266 (255 246 240 234 230 226 223

o flor 795 S72.0 482 T431...399 376 359 345 335 3260 398 3
280 T g T S 146 AAT 143 4 40 139 13801380 17 136
0000293 254 N33V R0 V2.10\ 2204 198 194 191- 188 185 18
s 426 340 0301 278 262 251 242, 236 230 225 221 218
01 782 U561 472 422 (390 367 35001336 3260 317 109 30
Colast 38 146 T4 N4 142 T4 139000138 <137 1365038
Ly |00 291 2520 231 201753 2.»os W20 XL U1BE 184 18
RSN [0SR WRIT ARG 208 2741 1289 % 247, 2.22772)18 1215
SURT01772 553 T A6 404 3820 3, 309 302 296
S35 20 2513801465145 1:43 T4Y w40 136 135 134

g | 100289 2500 229 216 206" 52,00 13840 181179

: S .05, 420 U334 295 12715256 40219 215 212
SR LT 7.64 0 5455 AT S04 7 .5 4204303 296 290
S 125 138145 144 R R I I 3651135, 1135 = 134
P e LR 2,88 0 249: 0 \214 205 1. L1820 N9 L 177
MR .'os"' 14.17.°-3:320. : 216 2131209
ERARI 7.56 5 298 291 . 284
Bosy .;_;;.. ~ -1351 T, N0 39 3T L1330 01323
SO e 0.0 2.84 24402 _._.zo9 20011193 10,8750 1183, N6 173 L1
ST U087 04087 032307284 261 2457 234 225 - 218 212 hi208 20 200
U0 231 58 43 038300 35100 329 312 1299 2‘_89 Y280 273 266
2570350 142G NIEE 7 L 1S TIETE A2 131 030 2 L
107 02,79, 2392.18204 .95 71,87 11,8 17750174 1 bal 168 166
i 1.0 40077 315102765 12,53 T 12,28 BN A0 1204 g9y 195 (1924
1,01 - 77.08:7°498 - 413 365 334,30 -;»-j."~-,‘;z‘;az., ‘2720 02630 256 20
135 1134 040 | 1939% . 137, T35k i 1l N30t e diniizet, 127 12
T2 278y V238 213 380,99.5 190, 1,82 . .77 - 32 16B L 168 162, et
3.92-.3307; 7268 245 229 217,209 1 202° 196 191 187 1383
o 6857 L I4i79:703.95 348 317 286 279 266 2560 247 240 234
Y273 223350211 () 97 1,88 1,80 ,::;1'.7‘5-‘,‘,\'*170 C 166 1,63 .60 1-5; ‘
C 389304 265 24272267 214 208 198 193 188 18 IO
676 4710 388 341 753410 "289 4 2,731 72807 250 2441 234 2.2
432 520, OV F e i E R AR 2R WS YRR IV L RSN E ‘:f;
L2700 G 194 1.85 0 127 2T N 163 Nie0 187 :‘757
/3.84 "*2.37 12,210 2908 SR TR TR G LA

- 6.63%, '461 fa. 94 18 )
» . ._' N \'; N "-\:\ e : /

24

y

»n
o
w
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; : | df for
df for numerator Ny denom-
= ' e ; Inator
15 200 24 300 40 50 60 100, 120  200. 500 o Pr N,

1.36 1.34 133 1.32 131 131130 1300 130 129 129 1.28 .25
1.81 1.76 1.73 170 1.67 165 164 1,61 160 1.5 1.58 157 .0
:215. 207 203 198 194 191 189 1.85 1.84° 182 180 1.78 .05 .
2.98 283 275 267 258 253 250 242 240 236 233 231 .01

135 0 7133 91320 131 1300 129 129 128 128 127 127 126 .25

178 173 170 1.67 164 1.62 161 158 157 1.5 1.54 . 1.53 .10 24'

21 203 198 194 1,89 1.86 1.84. 180 179 177 175 173 05
2897 274 266 258 249-° 244, 240 233 231 227 224 221 .01

1340 . 132 131 130 12970 1.28...1.28  1.26- 1.26 126 125 1.25. .25
C176. . 171 168 165 161 D159 158 15500 154 1530151 180 .10
207 . 199 1.95° 190 1.85° 1.82 .1.80 176 175 173 171 1.69 .05 | - “
281 266 - 258 250 24277236 233 225 2237 219 216 213 .01
2133 o031 5013007 1297 328 1870 A7t 126“ 125 125 124 124 .25

© 174 169 1.66  1.63 - 1.59--.1.57°1.56; 1S3 152 1507 149 1.48 .10 | %8
2047 7196 1917 187:071.82.° 1,79 177 7F1737 17 Ni69747 11675 ,.1.65 1, .08
2275 260> 252 2.44_ "235 230, ,'2.26 <219 237:. 2134772095 2.2,06:4.01.¢
132 130051290 1.28° 127 ~1.260.71.26 71250 124 124 123123 0,25
SA720 167 L164 Fr 40547181 S50, 148 1,470 146 410 0
L2010 193 1, ~2174 170 1.68° 1.66 - 1.64.1.62 -..05

270 2_5_5,..;--
7130 ‘128 5

S213:7 0231 207 02030201 G501 s
121 12100 1200 1090 197 DS

1.66 - 161, “1.43 .- 1,42, 1.41-541.397° 1338 .10
192 7 184 P1i897:. 1,58 155, 1.53% 4i81 05| 40
252 237 TO194 1,92 1,87 1.83 1,80 01
1:27.7771125 LR 1N7 T 107,001,16 :3:1.8 51187 285
1.60 - 1.54 151 00, 144 L 136 -1.35°. 133 - 1.31 129 -A0.y
18450175 170 165 159 186 U153 14805147 0144 1411390 05" |60
235 220, 212% 77203 0 1.94 <188 - '1.84 175777073 7 1,68 -1063.7- 1.60-° .01
.24 T 2 119,.__j 1.18 .~ir.‘17' 1165 1040 1330 112 0 1,101,100 .28,
NS5 T AAB:-- 104577 141001377 1.34.0:1.3207 01,27 - 1,26 . 1.2 1,21 1,097 10 o
175 16670161 0 155, 1500 146 143 137 135 132 128 125 .0s | 120
2219 203771957 1,861 7176 1.0 1663 .56 153 148 142 13870 .01
123 L1210 207 1870 L1657 15147 1.12',_1..11.- 110 1,097 1.08 71,06 .25
152 146 142 1,38 1,347071.310° 1,28 - 1524 122 1.20 - 137 1140 00 "‘zod :
172 162 1.57 152 A6 141070039 19320 129 1,267 1,220 119 08 1| <P
213. 197 .89 . 179 ..-1.69“.,163.. A58 1487 144 139 133 128 .00 |
TIA87 106 7147 143 00312001009 - 1,08 1,07 1,04 1,00 . 28 |
13877 Y34 T3040 1.26 . 1.24° 111800147 . 1030 108 1,00 100
- 1.527.146 1391350 <1327 01.2471.22 0,17 a1 000 05 | L%
©07977- 1700 - 159 71,52, TT47:50 136, 1,32 0128, 33152 1 1,00 - .00

.

P.T.O.
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TABLE D4
Upper l‘m‘emuuo
Pulnts of the x?
Distribution

Cxample
Pr(x? > 10.85) = 0.95

95% area

25% arca

Pr(x? » 23,83) = 0.25 for df = 20
Pr(x? > 31.41) m 0,05
0 1085 2383 3141
. Degrees\Pr i SRl :
Cof freedomN\f 995 990 975 141930 900
S 1392704 % 10710 157088 % 1077982069 x 1077 393214 x 10-t  grooom
VI 1,0100251 ' ;0201007 10506356 -102587 2109720
0717212 . .114832 1215795 351846 584375
,206990 297110/ ~AB4419° . 710721 1.063623
A11740 4554300, 831211, ""1145476 1.61031
675227 /,872085 1:1.237347 1 163539 $2.20413 .
989265"; Sl i 168987, 276735 283311
41975 2479737 ‘,273264 *3.48954 - -
; /2700397, 7. 33251170 416816 - -
1.3,24697 ' 394030 " 46518
'3.81575° 457481 557779
440379 " 5.22603.  ~ “6.30380"
/500874 - . 589186  7.04150
| 407468 ' 14.66043. . 562872 1657063 7.78953
|4:60094 11522935 /' 626214 7.26094 . 854675
514224 581221 .. 690766 .7.96164 "~ 9.31223
| 5.69724 .0 1 640776 . 7.56418 8.67176 .-/ 10.0852
':6,26481 7.01491 i 8,23075 9.39046 7 210.8649 -
/|1 684398 763273{;" . 8.90655" .01170*" 116509
| 743386, '26040-‘-' 9.59083 .~ :10.8508 7 12.4426 -
soaassf‘i 889720 1028293 : ‘,:;’115913'-. . 1312396
: ,\*8.64272',’7‘-;_-, 9.54249 '.109323. o 12 3380 14.0415
119.26042 10 1019567, 1 11:6885 - 13,0905 . . " 14.8479
| 988623 ; (10BS64 . 124011 13.8484 15.6587
»105197.«, 115240 130197 L 146114 0164734 -
bign TA110608 0 T 02008y 138430 % T s 3791 5 2772919
2| 118076 128786°. - 14,5733 © 161513 181138
124613 135648 - 77153079 0 716.92797 - 18.9392
P3N 04,2868 76,0471 5 A T 7083 .. 19.7677
137867 - 149535 67908 ,,1,84925* 1205992
ot [ 2207065 e 22164357 24 43317707 9 5003 29.0505 -
1279907 4.:29,7067% " 323574 1/34,7642°. ' 37.6886’
i [ 13855346 o 374848 1404817 " 31379.,' 46,4589 . -
43,2782 71 47 441810 48,7576 L0 Ki7393, . s, 3290’
V519720 7 53154007 7 571832 0.3915 - 642778
] 391963 [ 61,754 L 65,6466 "'69.1260. . .73.2912
673276".,-',"*. 7 700648 742219 ';.,_,‘_‘_.,7.7’9_29_.5 823581 -

*For df greater than 100 the expreasion \/2—‘ «AZk -
the degrees of freedom,

Z [ollows the standardized normal distribution, where k represents
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750 15500 1250 100 .050 025 010 005
1015308 . 454937 . 132330 . 2.70554 3.84146 5.02389 6.63490 7.87944
575364 1.38629 . 2.77259 4.60517 599147 7.37776 9.21034 10.5966
1.212534 236597 . 4.10835 6.25139 7.81473 9.34840 11.3449 12.3381
. 1.92255 -3.35670 5.38527 . 7.77944 - 9.48773 11.¥433 13.2767 14.8602
| L2:67460 14.35146 2 6.62568 '9,23635 11.0705- . 12.8325 15.0863 16.7496
TA45460 ' 5.34812 ~7.84080 10.6446 12,5916 14.4494 16.8119 18.5476
4.2 6’34531..“ 9.03715 12,0170 14,0671 16.0128 18:4753 20.2777
C 734412 700.10,.2188 0 133616 . - 15,5073 17.5346 20.0902 21,9550
8. 34283 11‘3887 1714.6837 - . 16.9190 19.0228 21.6660: 23.5893
34 . 01254890 - 2159871 7 183070 . 204831 . 23.2093 . 25.1882..
- k <13; 7007 ©17:2750 19.6751 21.9200 24,7250 26.7569"
843842 L 1153403 *'14 8454 ‘,185494 .. "21.0261 ¢ 23.3367 26.2170 28.2995.
\ '-9299055 S 12,3398 : B . 22,3621 24.7356 27.6883 29.8194°
;107653 ©+113.3393. L% | -23.6848° 261190 29.1413 31.3193
: 1143389 T1824s1‘ 5249958 " - 27.4884 30.5779 32,8013
LA5/3385 ¢ 0 19,3688 11262962 . 28.8454 131.9999' 34.2672
‘163381 - $ 204887 27.5871 30.1910- 33.4087 35.72185
; 17.3379 - 21,6049 . 5:9894  <7728:8693 31.5264 34.8053 37.1564
; 145620, . 183376 (227178 272036 30.1435 328523 36.1908 38.5822
;»)15 4518 119.3374 0 123,8277) 7 1284120 -1 31,4104 -34.1696 37.5662 39.9968
16,3444 . ‘203372 1249348 29,6151 1T 320 017354789 - 389321 41.4010
o 172396 . 213370 iy, 26,0393 1308133 - 339244~ © 367807 40.2894 : 42.7956
181373 0 223369 £27.1413 0 32,0069 351725 38.0757 . 41.6384 441813
19.0372 233367 28.2412 33,1963 © 36,4151, 393641 42.9798 45.5585
0 19.9393 | 243366 . 29.3389. 34.3816 37,6525 40.6465 44.3141 46.9278
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Source: Abnidged from F. S, Pearson and H. O. Hartlcy, eds., Blometrika Tables for Statisitcians, val. 1, 3d ¢d., table 8, Cambridge Unoversity Prass, New Yark, 1900,

Reproduced by permission of the editors and trustces of Biometrtka.
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Note: n = number of observations, K’ = number of explanatory variables excluding the conatant term.

Source: This table is an extension of the original Dirhin-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,” Economerrica, vol. 43, November 1977, pp. 1989-96 and as corrected by R. W. Tarcbrother, Econometrica, vol. 48,

.Smcmba 1980, p. 1554, Reprinted by penmission of the Econometric %c:cty

XAMPLET

;lfn = 40 and k' 4 dt 1 285 and du 1 721 Ifa computcd dvalue ls less than l 285

there Is evidence of positive first-order serial correlation; if It Is greater than 1.721, there Is
no evidence of positive first-order serial correlation; but if d lies between the lower and the

Tod 0 e

upper limit, there is inconclusive evidence regardlng thc prescm:e or absence of posltnve
. firstorder serial correlation. . ) DAL

P.T.O.
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Table A3 Standard Normal Curve Areas )= P2 '
(2) = P(Z =% 2)

Standard normal density curve
~/
;}L‘ o \ Shaded area = (z)
,l‘vL‘ "y
O iy
0 z
z .00 01 02 03 04 08 06 07 08 09
-34 0003 .0003 0003 0003 0003 0003 0003
: . . : : 0003 0003 .

-33 L0005 .000S 0008 0004 0004 0004 0004 0004 0004 328§
-32 .0007 .0007 .0006 .0006 0006 0006 0006 0003 0003 0005

=31 | .0010 0009 .0009 0009 0008 .0008 .0008 0008 0007 0007

-30 .0013 .0013 0013 0012 0012 0011 0011 0011 0010 0010
-29 0019 .0018 .0017 0017 0016 0016 0015 0015 0014 0014 .

-28 0026 .0025 0024 0023 0023 0022 -.0021 0021 0020 0019

-27 0035 .0034 0033 . .0032 0031 .0030 0029 0028 0027 0026

-26 0047 .0045 0044 .0043 ,0041 .0040 0039 0038 0037 0036
-25 0062 .0060 .0059 0057 .0055 0054 0052 0081+ .0049 0038
—24° | 0082 .0080°  .0078 .0075 .0073 0071 0069 0068 0066 0064

-23 0107 .0104 0102 .0099 0096 0094 0091 0089 0087 0084

=22 0139 0136 0132 0129 0125 0122+ 0119 0116 0113 0110

-21 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183

-19 0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
-18 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
-137 0446 0436 0427 .0418 . 0409 0401 0392 0384 0375 0367
-1.6 0548 0537 0526 0516 .0505 0495 0485 10475 0465 0485
-1.5- | ..0668 0655 0643 0630 0618 0606 0594 0582 0571 0559

-14 0808 0793 0778 0764 0749 0735 0722 0708 0694 068!
-13- | .0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
-12 1151 1131 112 1093 .1075 1056 1038 1020 1003 0985

g 1.1 1357 1335 1314 1292, 1271 1251 1230 1210 1190 1170
= —1.0 1587 L1562 1539 1515 1492 1469 1446 1423 1401 1379
-09 1841 1814 1788 1762 1736 1711 1685 1660 . 1635 1611
-08 .| 2119 2090 2061 2033 2008 1977 1949 1922 1894 1867

% 07 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
% —06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
2k —05 3085 3050 3015 2981 2946. 2912 2877 2843 + 2810 2176
T —04 3446 3409 372 3336 3300 3264 3228 3192 3156 3121
-03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
-02 4207 A168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 AS562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 Ag81 A6l

) ’ (continned)
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AppendixTables  A-7
Table A3 Standard Normal Curve Areas (cont.)

(z) = P(Z = 2)

00 01 02 .

: s B 07 08 "

0.0 .5000 .5040 .5080 5120 5160 BT b
0.1 S8 S48 578 SS17 58557 emes g:i: rr -

0.2 5793 5832 5871 5910 5948 5987 6026 6064 'ZM S

03 6179 6217 6255 6293 6331 6368 6406 6443 o 2'51‘7

04 65546591 . 6628 6664 6700 6136 612 ga0n gaan s A
0.5 6915 6950 6985 7019 7054 . 7088 M2 7187 7190 e

0.6 7257 7291 7324 7357 7389 7422 7454 7486 517 1549

0.7 7580 7611 7642 7673 7704 7734 7764 1794 7823 7882

08 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133

09 | ..8159 8186 8212 8238 8264 8289 8315 8340 2365 8389

1.0 8413 8438 8461 8485 8508 8531 8554 8577 8599 3621

11 8643 8665 8686 8708 8729 8749 8770 8790 3810 3830

12 8849 8869 8888 8907 - 8925 8944 8962 8980 8997 9015

13 9032 9049 9066 . 9082 9099 9115 9131 9147 9162 977 §
14 9192 9207 9222 9236 9251 9265 92718 9292 9306 9319

1.5 9332 9345 9357 9370 9382 9394 9406 - 9418 9429 9441 1
16 9452 9463 9474 9484 9495 . 9505 9515 9525 9535 9545
17 9554 9564 9573. - 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
19 973 9719 9726 9732 9738 9744 19750 9756 9761 9767
20 9172 9778 9783 9788 9793 - 9798 9803 9808 9812 9817
21 9821 9826 9830 9834 9838 9842 9846 . .9850 9854 9857
22 9861 9864 9868 9871 9875 . 9878 . 988 9884 9887 9890
23 9893 9896 9898 9901 9904 9906 - .9909 © 9911 9913 9916

24 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936
25 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952 7
2.6 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
2.7 © 9965 9966 9967 9968 9969 9970 9971 9972 973 9974

28 9974 9975 9976 9977 . 9977 9978 9979 9979 9980 - 9981
29 9981 9982 - 9982 9983 9984 9984 9985 9985 9986 9986 £
30 | 9987 . 9987  ..9987 9988 9988 © - .9989 9989 9989 9990 9990 3:}
3l 9990 9991 9991 9991 9992 .9992 9992 9992 9993 9993 Z1
32 9993, 9993 9994 9994 9994. 9994 9994  ..9995 9995 9995 %9
33 9995 9995 9995 9996 9996 9996 9996 19996 9996 9997 b5
34 9997 9997 9997 9997 9997 . 9997 9997 ..9997 9997, 9998

1o or In part. Due to slectronic rights, some third pacty contnt may be sujysressed from the eBook sn/or «Chapterts).
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Appendit Tables ©  A.q
Table A5 Critical Values for t Distributions

1, density curve
i
|’ Shaded srea =
|
1
0 2y
a
i \ 10 08 028 01 ¢ 008 001
1 3.078 6.314 12.706 31.821 63.687 31831
2 1.886 2,920 4303 6.965 9.925 22326
3 1.638 2383 3.182 4.541 5.841 10.213
4 1.533 2132 2.776 3,747 4.604 7173
5 1476 2,015 2.5M 3,368 4,032 5.893
6 1.440 1.943 2447 3.143 3.707 5.208
7 1418 1.895 2,365 2,998 3499 4.785
8 1397 1.860 2.306 2,896 3358 4.501
9 1383 1.833 . 2262 2.821 3.250 4297
10 1372 1.812 2.228 2.764 '3.169 4,144
1 1363 1.796 2.201 2718 3.106 4,025
12 1.356 1.782 » 2179 . 2,681 3,058 © 3930
13 1.350 1771 2.160 . 2650 3.012 3.852
14 1345 1.761 2.145 2.624 2977 3.787
15 1341 1.753 2131 - 2,602 2.947 3.7
16 1337 1.746 2.120 2.583 2,921 " 3.686
17 1333 1.740 2.110. 2,567 . 12,898 3.646
18 1330 1.734 2.101 2552 2.878 . 3.610
19 1.328 1.729 ©2.093 2,539 2861 © 35719 -
20 1325 1.725 - 2,086 " 2528 2.845 3.552
21 1323 1.721 2.080 Y2518 ¢ 2831 3.527
22 1321 1.717 2074 . 2.508 2.819 3.505
23 1319 1.714 2.069 2.500 2.807 3.485
24 1318 1711 2064 . 2492 2.797 3.467
25 1316 1.708 2.060 . 2485 - 2787 3.450
26 1315 1.706 . 2,056 2479 2779 - 3435
27 1314 1703 2.052 2473 - 2771 3.421
28 *1.313 S L7010 . | 2,048 2.467 . 2763 3.408
29 131 1.699 : 2,045 2.462 2.756 3.396
30 1.310 1.697 2,042 © 2457 2.750 ; 3.385
32 1309 1.694 L2037 2449 2.738 3.365
34 1307 - 1.691 2,032 2441 2.728 3348
36 * 1.306 1.688 2.028 2434 2.719 3333
38 1.304 1.686 2024 2429 - 2,712 3319
40 1303 1.684 2,021 2423 2.704 3.307
50 1.299 1.676 2.009 2403 2,678 3.262
60 1.296 1.671 2,000 . 2390 2,660 3232
120 1.289 1.658 1.980 2,358 2617 <3160
1.282 T 1648 1.960 2326 2,576 3.090
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11.160 12.19¢ 13.844 15379 17.292 35.563 38.888 41523 45642
11.807 12878 14,573 16.151 18.114 36.741 40.113 43.1%4 45562
12461 13565 15.308 16.928 18.939 37916 41337 . 448) 43278
13.120 14256 16.147 17.708 19.768 39.087 42557 451 49.53§
13.7¢7 14.954 16.79) 18.493 20.599 40.256 494.773 4891 $0.892

14457 15.655 17538 19.280 21,433 41422 44,985 4820 2.190
15.134 16362 18291 20072 22271 42,585 46.194 49.4830 $).486
15814 17.073 19.046 20.866 23.110 4).748 47.400 $0.724 T4
16.501 17.789 19.806 21.664 23.952 44.903 48.602 51566 56.061
s 17.191 18.508 20.569 22,465 24.796 46.059 49.802 53203 57340

36 17.887 19233 21,336 23269 25.643 41212 50.998 4437 58.619
37 16584 19.960 22,105 24.075 26492 - 48363 52.192 35.667 $9.891
3¢ 19.289 20.691 22.878 24,884 21343 49.513 53384 §6.896 61.162
39 19.994 21425 23,654 25,695 28.196 50.660 “4sn 38.119 62,426
40 20,706 22,164 24433 26.509 29.050 51.808 §5.158 §9.342 63.691

) 2 2y
Forv > 40, -= =
X’.,."v(l 9V+:'J;'V)
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A2 Appendix Tables

Table A.8 t Curve Tail Areas

33

Area to the
rightof ¢

]

S]til567!9]01!]1131415161718
0.0 Foo 500 .500 .500 .500 .500 .S00 .S00 .500 ".500 .500 .500 .500 .500 .500 500 .00 500

A6B 465 . 46 463 .46). 462 462 461 461 A6 461 A6l 461 461 461 461 461 - 461

A37 430 427 426 425 424 424 423 423 423 A2} A2 A2) A22 A AT 41 4m

407 396 392 .390 388 387 .386 .386 .386 .85 385 385 384 384 384 384 384 3p4

379 364 358 355 353 352 .351,.350 349 349 348 348 348 347 347 347 347 347

352333 326 322 319 317316 315 315 314 313 313 313 312 312 312 312 312

328 305 295 290 287 285 .284 283 282 281 .280 .280 279 279 279 278 278 278

306 278 267 261 258 255 253 252 251 250 249 249 248 .47 247 247 247 246

285 254 241 234 230 227 225 223 222 221 220 220 219 218 218 218 217 217

267 232 217210 205 201 199 .197 196 .195 194 193 .192 .191 .191 .191 .190 .190

250 211 196 .187 .182 .178 175 .173 .172 .170 .169 .169 .168 .167 .167 .166 .166 .165

235 .193 176 167 162 157 .154 152 .150 .149 .147 .146 .146 .144 .144 .144 143 .143

221 177 158 148 142 138 135 132 .130. 129 .128 .127 .126 .124 .124 .124 .123 .I23

209 .162 .142 .132 125 .21 117 .15 .13 .11 .10 .109 .108 .107 .107 .106 .105 .105

197 148 128 .117 110" .106 .102 .100 .098 .096 .095 .093 .092 .091-.091 .090 .090 .089

187 136 .115 .104 .097 .092 .089 .08 .084 082 .081 .080 .079 .077. .077 .077 .076 .075

A78 125 .104 092 .085 080 .077 .074 .072 .070 .069 .068 .067 .065 .065 .065 .064 .064

169 ..116 ~.094 082 .075 070 .065 .064 .062 .060 .059 .057 056 .055 .055 .054 .054 .053

161 .107 085 .073 .066 .061 .057 .0S5 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044

54 099 077 .065 .058 .053 .050° .047 .045 .043 042 .041 040 .038 .038. .038 .037 .037

148 092 ..070 .058 051 .046 .043 .040 .038 .037 .035 .034 .033 .032 .032 .031 .031 .030

% 141 085 .063 .052 045 .040 .037 .034 .033 .031 030 .029 .028 .027 .027 .026 .025 .025
; 136 079 058 .046 .040 035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021
Z4 31 .074 052 .041 035 .031 .027 .025 .023 .022 .021 .020- .019 .018 .018 .018 .017 .017
{7 24 | .126 069 .048 037 .031 .027 024 022 .020 .019 .018 017 .016 .015 015 014 .0l4 .0l4
;{{« 25 | .121 065 .044 .033 027 023 .020 018 .017 .016 .015 .014 .013. 012 .012 .012 .011 .01
;{r?:g 26 | .117 061 .040 .030 .024 020 .018- 016 .014 .013 .012 012 .011 010 .010 .00 .009 .009
£5% 27 | 113 057 .037 .027 .021 .018 .015 .014 012 .01l 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
F5 29 | w106 .0s1 031 .022 017 014 011 .010 .009 .008 .007 .007 .006 .005 .00 .005 005 .00
iy 30 | 102 048 029 .020 015 012 :010 .009 .007 .007 .006 006 .005 .004 .004 .004 .004 .004
= 31 | 099 .045 .027 .018 .013 .01l .009 .007 .006 .006 .005..005 .004 ..004 .004 .003 .003 - .003
~ 32 | .09 .043 025 016 012 .009 .008 .006 .005 005 .004 .004 .003 .003 .003 .003 .003 .002
33 | .094 .040 .023 015 .01l .008 .007 .005 .005 .004 .004 .003 .003 .002°.002 .002 .002 .002

34 | 091 .038 .021 .014 .010 .007 .006 .005 .004 .003 .003 .003 .002 .002 .002 .002 .002 .002
35, | 089 .036 .020 .012 .009 .006 .005 .004 .003 .003 .002 .002 .002 .002 .002 .00l .001 .00l

36 | .08 .035 018 .011 .008 .06 .004 .004 .003 .002 .002 .002 .002 .001 .00l .001 .001 .00l

37 | o084 033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .00 .001 .001 .001
“3s8 | .0s2 .031 016 .010 006 .004 .003 .003 .002 .002 .001 .00l .001 .001 .00l .001 .001 .00l
39 | 080 .030 .015 .009 .006 .04 .003 .002 .002 .00 .001 .00l .001 .001 .00l .00l .00l .00l

49 | 078 029 .014 .008 005 .004 .003 002 .002 .001 .001 .001 .001 .00l .001 .00L .000 .000
(continued)
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Appe;!dlx Tables A-13

'l‘abl; A.B t Curve Tail Areas (cont.)

t curve Area to the
L N
1
; t

(]
’

AN 19 20 21 22 23 24 as 26 27 28 29 30 3s 40 60 120 oo(=1)
0.0 S00  .S0D .500 .S00 .S00 .500 .500 - .S00 .500 .500 .500 500 .500 .500 .500 .500  .500
0.1 261 461 461 461 461 461 .461 .461 461 461 .46l 461 .460 .460 .460 460 460
0.2 422 422 422 422 .422 422 .422 422 421 421 421 421  .421 .421 421 421 421
03 ‘384 384 .384 .383 .383 .383 '.383 .383 .383 383 383 ‘33 .383 .383 .383 - .382  .382
0.4 347 347 .347 347 .346 .346 .346 .346 .346 346 346 346 .346 .346 .345 345 345
oS 311 311 311 311 .311 311 311 311 311 310 310 310 .310 .310 .309 .309  .309
0.6 278 278 278 277 .277 277 277 277 277 277 .277 277 276 276 275 275 274
0.7 246 246 .246 246 .245 245 245 245 245 245 245 245 .244 .244 .243 .243 242
0.8 217 217 216 216 216 216 216 .215 215 215 215 215 .215 - .214 213 213 212
e | .10 .18 .189 .189 .189 .189 .188 .188 .188 .I88 ‘188 .188 .187 .187 .186 ..185  .184
1.0 165 165 164 .164 .164 .164 .163 .163 .163 .163 .163 .163 162 .162 .161 .160  .159
11 143 142 142 142 141 141 .141 141 141 140 .140 140 .139 139 ..138 .137  .136
12 122 .122 .122  .121 .21 .21 .21 .120 .120 120 _.120 .120 119 .119 117 116 .11S
13 los 104 .104 .104 .103 .103 .103 ..103 .102 ".102 .l102 .102. .101 .101  .099 .098  .097
1.4 ‘085 085 .088 .088 .087 .087 .087 .087 .086 .086 .086 .086 .085 .085 .083 .082 .08l
1.5 . 075 075 .074 .074 .074 .073 .073 .073. .073 .072 .072 .072 .071 .07l .069 068  .067
1.6 ‘063 063 .062 .062 .062 ..061 ,061 .061 .01 .060 .060 .060 .059 .059 .057 .056  .033
1.7 0s3 052 052 .052 .051 .051 .051 .051 .050 .0S0 .050 .050 .049° .048 ..047 .046  .045
1.8 044 043 043 .043  .042 .042 .042 .042 .042 .041 .041 .04] ..040 .040 .038 .037  .036

034 .034 .034 .033_ .032 .031 .030 ..029

.036 .036 .036 .035 .035 .035 .035 .034 .034
.027 .027 .026 .025 .024 -.023

1.9
2.0 ‘030 .030 .029 .029 .029 .028 .028 .028 .028 .028 .027
2.1 025 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .019 .018

22 ‘020 .020 .020 .01 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .0l6 .Ol5 014

23 016 .016 .016 .016 .015 .015 .015 .01S .015 .015 .014 .014 .Ol4 .013 .012 .012 o1

2.4 ‘013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .0l1 .01l .01l .010 .009 .008

2.8 ‘011 .011 .010 .0l10 .010 .010 .010 .010 .009 .0O9 .009 .009 .009 .008 .008 .007 006

2.6 009 .009 .008 .008 .008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .00S .00S

2.7 ‘007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004 .003

2.8 006 .006 .005 .00S .005 .005 _.005 .005 .005 .00S .00S .004 004 .004 .003 .003 003
2.9 00S .004 .004 .004 .004 004  .004 . .004 .004 .004 .004 .003 .003 .003 .003 .002 002 L
3.0 004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .00l & o
3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002° .002 .002 .002 .002 .00l .00l 001

3.2 002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .00l .001 .001 .00l .00t

3s .002 .002 .002 .002 .002 .001 .00l .001 .001 .001 .00l .00l .0O1 .00l .001 .00t 000

3.4 .002 .001 .00l .00l .00l .00l .001 .001 .00l .001 001 .001 .00l .001 .0O1 .000 .000

:.s .001 .001 .00l .00l .001 .001 .00l .001 .00l .00l .,001 .0O1 .0Q1 .001 .000 .000 .000

6 .001 .001 .00l .00l .001 .00l .00l .00) .00l .001 .001 .001 .00O .000 .000 .000 000

::;7 g: '83: .gg: .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 000
pap e o T .ggo .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

54 900 =000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 000

K : 000 .000 .000 .000 .000 .000 ,000 .000 .000 .000 .000 .000 000 .000 .000 000

Canryvighu 3010 Congage Lamning All Rights Reserved. May not
Fbtarts) roview has dosrmad thal sy sigysrssed comiont does JM“-'T;‘-::‘:L ",'l""-h--l. 10 whode o Ln fert. e 6 elesarante righta, somme thind party cantent iy be saryemssnd v the et smie eCharesrt o)
@versil learming eaparience. Congage Loarning raserves th tght 10 remove additional evntersl ot any Uina I suhsequend rights reseristiont L
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AN Avpendy DN

Table AS  Critical Vakues for F Distributions .

¥y = numerater df
a 1 2 3
. 4 s 6 7 s 9
KT 39086 4950 .59 5583 $7.24 s
{1648 150 21ST1 2488 201 33e0 26m e 2
A A1 499K LA UL STELED K900 S;map  sogr Poas.pe
- - .50
MMM 000 M0IT 562500 S76405 85937 sopam 898,144 qu
an £ $.00 9.16 924 9.29 9.33 9.3s 937 93
. ™ 1851 19.00 1916 1925 1930 1933 19.35 1937 193:
< e o850 $9.00 .17 99.25 99.30 99.33 9936 937 939
NI | SRR SO0 9T 99925 99930 99933 99936 99937 99930
am s 546 $39 . s34 531 528 527 525 524
3 9 1013 958 - 918 9.12 9.01 8.94 8.89 8.85 3.3
810 u 30.82 29.46 28.71 28.24 2791 21.67 2749 7735
M1 | 16708 14850 4L 13700 - 13458 13285 13158 13062 12985
100 45 432 419 4 408 401 3.98 398 394
. = 7.7 654 659 639 626 6.16 609 . 604 6.00
010 2120 15.00 1669 . 1598 15.52 1521 14.98 14.80 14.66
001 e 6125 56.18 5344 LR 5053 49.66 49.00 4847
J100 4.06 - 3682 - 382 3.45 340 337 334 332
< 0% 6.61 579 541 S19 - 50§ 495 © 488 . 482 477
S0 1626 1327 1206 - 1139 1097 1067 10.46 1029. 1016
_.001 4718 3712 3320 3109 29.5 28.83 28.16 27.65 2724
IS 100 378 346 329 318 3.1 3.08 3.01 298 296
i f 599 514 476 . 453 439 428 421 4.15 4.10
Hy 3 - 010 13.75 1052 9.78 9.15 8.75 847 826 8.10 7.98
= 001 3551 27.00 23.70 21.92 2080 2003 19.46 1903 1869
% S 100 359 326 3.07 2.96 288 - 283 278 275 272
5y o, % 5.59 474 - 435 412 397 3.87 379 3.73 3.68
A - 2010 1225 955 845 . 185 7.46 7.19 699 6.84 672
B - 001 2925 21.69 18.77 1720 ‘1621 1552 15.02 1463 1433
i o 100 3.46 ER Y| 292 281 273 267 262 259 256
o g 00 [ 532 445 407 384 3.69 358 3.50 344 339
& - 010 1126 865 159 7.01 6.63 637 618 6.03 591
: 2001 25.41 1849 15.83 1439 13.48 12.86 1240 . 1205 - 177
N 100 336 301 281 2.69 -2.61 2.55 251 247 244
23 ..050 512 426 ° 3386 363+ 348 337 329 323 318
% o0 10.56 8.02 699 6.42 6.06 5.80 5.61 547 535 -
001 2286 1639 13.90 1256 . 1171 1113 10.70 1037 10.11
.100 329 292 273 261 252 2.46 241 238 235
050 496 4.10 kR ]| 348 . 333 322 . 304 307 . 302
10 om0 10.04 756 655 599 5.64 539 520 5.06 454
2001 2104 T 1491 12.55 1128 1048 . 9.93 9.52 9.20 8.96
100 323 2.86 2.66 254 245 239 234 230 227
.050 4.84 398 3.59 3.36 320 3.09 300 295 2.90
1 oro 9.65 721 622 561 - 532 5.07 489 474 4.63
001 19.69 13.81 11.56 1035 . 9.58 9.05 8.66 835 8.12
© 261 248 239 233 228 224 221
s o 326 un 3.00 291 2.85 2.80
050 4.78 389 3.49 5
12 5 5.41 5.06 4.82 - 4.64 4.50 439
.010 933 6.93 5.9 : ' 500 i 348
.001 18.64 1297 10.80 9.63 8.89 8.38 ! A g
) (continved)
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AppenditTables  A.qg

Table A9 Critical Values for F Distributions (cohf.)

», = nomerator df

10 12 15 20 28 30 40 50 60 120 1009

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 6330 [#
241.88 24391 24595 24801  249.26  290.10 25114 25177 25220 25025 25419
60S5.80 610630  6157.30 620870 6239.80 626060 628680  6302.50  6313.00 6339.40 636270 pd
605,621 610668 615764 620908 624017 626099 628,712 630285 631,337 633,972 63630

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47" 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 19.47 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
999.40 99942 99943 99945  999.46  999.47  999.47. 99948 99948 99949  999.50
523 522 5.20 s.18 517 517 5.16 .15 5.15 .14 513
£.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53
27.23 27.05 26.87 26.69 26.58 26.50 26.41 2635 2632 2622 26.14
12925 12832  127.37 12642 12584 12545 12496 12466 12447 12397 12353
392 390 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 376
5.96 5.91 5.86 5.80 5.7 5.75 572 5.70 5.69 5.66 5.63 b
1455 1437 1420 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 4509 . 44.38 4475 44.40 4409 15
330 327 3.24 321 3.19 3.17 3.16 3.15 14 312 T
474 468 4.62 456 452 -4.50 4.46 4.44 443 4.40 437 2
10.05 9.89 9.72 9.55 9.45 9.38 9.29 '9.24 9.20 9.11 9.03 t-f
2692 26.42 2591 25.39 25.08 2487 - 2460 - 2444 2433 2406- 2382 ©°
2.94 290 287 284 2.81 2.80 2.78 277 2.76 274 272
4.06 4.00 3.94 387 3.83 3.81 377 375 . 374 370 367 &
7.87 .72 756 . 740 730 723 7.14 7.09 7.06 6.97 689 i
1841 17.99 17.56 1712 16385 16.67 16.44 1631 . 1621 15.98 1577 )
270 267 2.63 2.59 2.57 256 2.54 252 251 2.49 247 &4
3.64 3.57 3.51 3.44 3.40 338 334 . 332 .3.30 327 323 ;
6.62 647 6.31 6.16 6.06 599 o 591 5.86 5.82 574 5.66
1408 13.71 13.32 12.93 12.69 12.53 1233. . 1220 - 1212 11.91 1nmn -
2.54 2.50 246 @ 242 2.40 238 - 236 235 2.34 232 230
335 328 322 5 . 31 308 - 304 302 3.01 297 293
581 5.67 5.52 536 526 . 520 5.12 - 5.07 5.03 495 487 53
11.54 11.19 10.84 10.48 1026 1011 9.92 9.80 9.73 9.53 936 .
242 238 ° . 234 230 227 225 223 . 222 221 218 2.16
314 3.07 3.01 2.94 2.89 2.86 2.83 2.80 279 275 271
526 s5.11 496 4.81 471 465 '4.57 4.52 4.48 4.40 432
9.89 9.57 9.24 890 8.69 8.55 8.37 8.26 8.19 8.00 784 0
232 228 224 2200 217 2.16 2.13 212 2.11 2,08 206
298 291 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54,
4385 47 4.56 441 431 425 417 4.12 4.08 4.00 3.92
8.75 8.45 8.13 7.80 7.60 747 ° 130 7.19 1712 6.94 6.78
225 221 217 212 2.10 2.08 2.05 204 2,03 2.00 1.98
2.85 2.79 272 2.65 2.60 257 . 253 .. 251 2.49 245 241
. 454 440 425 4.10 4,01 3.94 3.86 3.81 3.78 3.69 3.61
7.92 7.63 732 701 68l 6.68 6.52 . 642 6.35 . 6.18 6.02
2.19. 2.15 2.10 2.06 2.03 2.01 199 1.97 1.96 1.93 191
2.75 2.69 2.62 2.54 2.50 247" 2.43 2.40 238 . 234 2.30
. 430 4.16 4.01 1.86 376 3.70 362 © 387 3.54 345 337
729 700 . 671 6.40 6.22 609 . 593 5.83 "5.76 5.59 - 544
’ (continued)
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. e Y\ N (87 L)) ans 8 144 p '
R R (PR} N 003 Qe . 30 419
il o o o LRE 186 749 7.1 6.98
. AN L\ RA A PR bR 1| 104 210 21
SR B & L X T Y TRt ST O U
ne ™ &8 XY o 460 446 A Al4 40)
N [RAT] 1.8 CRA LX) 19 744 7.08 6.0 688
aN AX\}; N 340 236 2 221 216 212 2.09
" O s XY 130 108 290 279 an 2.64 2.99
3 one & Q8 s42 480 436 an A4 4.00 3.89
N T na o4 828 1.8 7,09 674 647 6.26
an s 267 246 PR 224 218 213 2.09 2.06
" ) o) LQ a4 3,01 2.88 2.74 2,66 2.89 2.54
) X\ & 820 an 444 420 403 .89 .78
N1 K12 1097 9.01 794 227 6.80 6.46 6.19 3.98
e W 264 244 231 2 218 2.10 206 203
- &R 448 ) 320 2.96 281 2.70 2.61 2.58 249
a0 840 an .19 467 434 410 3.93 3.79 .68
N1 187 10,66 873 7.68 202 6.56 622 3.96 3.7
s KT 301 2Q 242 229 220 213 2.08 2.04 2.00
e et 3ss 36 29) a7 2.66 2.58 2.51 2.46
f 010 L2 601 $.09 458 428 401 3.84 371 3.60
001 153 1039 849 746 6.81 6.35 602 . 576 5.56
§ J100 209" 261 2.40 227 218 211 206 2.02 1.98
- 080 438 3.8 313 2.90 24 . 268 2.54 248 242
v B 210 .18 593 5.01 450 47 3.94 T 3.63 352
x 001 15.08 1016 8.28 727 6.62 6.18 5.85 559 539
* 100 297 259 238 228 216 209 204 2.00 1.96
- 080 435 349 3.10 287 271 2.60 251 245 239
.10 810 $.88 494 443 410 3.87 3.70 356 346
001 14.82 9.95 810 710 646 6.02 569 S44 524
.100 296 257 236 223 2.14 208 202 198 195
s 050 432 347 . 307 284 2.68 2.57 249 242 237
010 8.02 TSI 487 437 404 381, 364 3.81 340
.001 14.59 977 7.94 6.95 632 5.88 5.56 531 s11
100 295 2.56 235 222 213 - 2,06 2.01 197 1.93
s | 430 3.4 3.08 2.82 266 2.55 246 2.40 234
. 010 7.98 sn2 482 431 399 3.76 359 ° 348 33s
001 1438 9.61 7.80 6.81 619 . 576 5.4 S19 499
100 294 2.58 234 221 211 205 199 1.95 192
050 428 342 3.03 2.80 264 253 © 244 2.37 232
B .010 7.88 5.66 476 426 3.94 371 3.54 341 330
2001, 1420 947 . 167 670 ° - 608 5.65 $33 . 509 489
= 00 293 2.54 233 2.19 210 204 - 198 194 191
i . .080 426 340 301 278 262 2.51 242 236 230
M o0 | o782 sel 42 422 30 36 350 336 326
.001 14.03 9.34 755 - 659 5.98 5.58 $.23 499 4.80
K4 N (continued)
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Table A9 Critical Values for F Distrbutions (cont)

38
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¥, = yymerae ¢F
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Yable A.9 'Critical Values for £ Distributions (cont.)
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Apperdix Tables  A-19

Table A.9 Critical Values for F Distributions (cont.)
v, = namerstor dt -

10 12 18 20 28 20 40 <0 0 129 1009 -
;-37 1.82 177 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.92
24 2.16 2.09 2,01 1.96 1.92 1.87 1.84 1.82 1.717 1.72
3.13 2.99 2.85 2.70 2.60 2.54 245 2.40 2.36 227 2.1%
4.56 431 4.05 17 3163 3.8 337 328 in 3.06 2.91
1.86 1.81 1.76 1.7 1.67 1.6% 1.61 1.59 1.58 1.54 1.51
222 215 207 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70
3.00 2.96 2.81 2.66 2.57 2.50 242 2.36 2.33 2.23 2.14
448 424 3.99 3.72 3.56 3.44 3.30 321 3.15 2.99 2.84
1.88 1.80 1.78 1.70 1.66 1.64 1.60 1.58 1.57 1.53 1.50
2.20 2.13 2,06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.68
3.06 2.93 2.78 2.63 2.54 247 238 2133 229 2.20 211
441 417 392 3.66 3.49 3.38 3.23 3.14 3.08 2.92 2.78
1.R4 1.79 1.74 1.69 1.68 1.63 1.59 1.57 1.56 1.52 1.43
219 2.12 2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.71 1.66
3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2.26 217 2.08
435 411 3.86 3.60 3.43 3.32 3.18 3.09 3.02 2.86 .72
1.83 1.78 1.73 1.68 1.64 _1.62 1.58 1.56 1.55 1.51 1.47
2.18 2.10 2,03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 2.87 273 2.57 2.48 241 233 227 2.23 2.14 2.05
4.29 4.08 3.80 3.54 3.38 3.27 3.12 3.03 2.97 2.81 2.66
1.82 1.77 1.72 1.67 - 1.63 1.61 1.57 1.55 1.54 1.50 1.46
2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63
2.98 2.84 2.70 2.55 245 2.39 230 2.25 2.21 2.11 2.02
424 4.00 3.75 349 333 3.22 3.07 2.98 292 2.76 2.61
1.76 1.71 1.66 . 1.61 1.57 1.54 1.51 1.48 . 1.47 1.42 1.38
2.08 2.00 192 1.84 1.78 174 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 237 227 220 2.11 2.06 2.02 - 1.92 1.82
3.87 3.64 3.40 '3.14 2.98 2.87 2.73 2.64 257 241
1.73 1.68 1.63 1.57 153 1.50 1.46 1.4 1.42 1.38
2.03 1.95 1.87 1.78 1.73 1.69 - 1.63 1.60 153 1.51
2.70 256 2.42 227 2.17 2.10 2.01 1.95 191 1.80.
3.67 3.44 320 295 . 2.79 "2.68 2.53 2.44 238 2.21 2.05
171 1.66 1.60 154 - - 1.50 1.48. 1.44 141 1.40 1.38 1.30
1.99 1.92 1.84 175 1.69 1.65 1.59 1.56 1.53 1.47 1.40
2.63 2.50 235 2.20 2.10 2.03 194 1.88 1.84 1.73 1.62
3.54 332 3.08 2.83 2.67 2.55 241 232 225 2.08 192 ¢
1.66 1.61 1.56 1.49 1.45 1.42 138 1.35. 134 1.28 1.22
1.93 1.85 - 1.77 1.68 1.62 - 157 1.52 148 . 1.45 138 1.30
2.50 237 222 2.07 197. 189 1.80 1.74 1.69 1.57 145 i
330 3.07 2.84 2.59 2.43 232 217 2.08 2.01 1.83 L64.
1.63 1.58 1.52 1.46 141 1.38 134 1.31 1.29 1.23 116 7
1.88 1.80 1.72 1.62 1.56 1.52 1.46 141 139 1.30 1.21
241 2.27 2.13 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30
3.12 2.90 2.67 242 2.26 2.15 2.00 1.90 1.83 1.64 143
1.61 1.55 149 1.43 1.38 1.35 130 127 125 118 1.08
1.84 1.76 1.68 1.58 1.52 1.47 141 1.36 133 124, 1
2.34 2.20 2.06 190 1.79 1.72 1.61 1.54 1.50 1.35- 1.16
2.99 2.77 2.54 2.30 2.14 2.02 1.87 .77 1.59 149 122
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