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Instructions for Candidates

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

2. All questions carry equal marks.

3. Use of a simple non-programmable calculator is allowed. Statistical tables are
attached for your reference.

4. All intermediate calculations should be rounded off to 4 decimal places.

5. The values provided in statistical tables should not be rounded off.

6. All final calculations should be rounded off to two decimal places.

7. All relevant tables are attached to the paper

8. Question 1 is compulsory, and attempt any four questions from the remaining six
questions.

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

1. State whether the following statements are True or False. Give reasons/

justifications for your answer.

®

(i1)

(iit)

@iv)

v)

(vi)

A regression result based on OLS using 42 observations and 5 explanatory

variables reported an R? = 0.142. The Adjusted R? should be negative.

The slope coefficient of a regression obtained through OLS is 2.11. Since
this value is now known and constant, the slope coefficient is not a random

variable.

In the presence of high multicollinearity, it becomes difficult to assess the
individual statistical significance of partial regression coefficients due to

inflated standard errors.

Weighted Least Squares (WLS) produces efficient and unbiased estimates

even in the presence of heteroskedasticity

A dummy variable regression, such as Y; =pf; +[,D; + u; provides a
framework for testing whether the conditional mean of Y; differs across two
groups defined by D;.

The first difference transformation to eliminate autocorrelation assumes that

the coefficient of autocorrelation must be —1. (6x3=18)

2.  Suppose we have a regression equation relating consumption expenditures (y) to

income (x) for 20 families in a certain region. Both y and x are measured in

thousands of rupees. The estimated regression is as follows
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-

¥, = 0.847 + 0.899X;,

Se=  (0.703) (0.0253)
R2=098  RSS=31.074

(1) Interpret the slope coefficient in the above regression. Test the overall
significance of the regression at the 5% level of significance. Suppose y and
x are measured in lakhs of rupees, instead of thousands of rupees, then how
would the coefficients of the above regression be affected? Interpret the

new slope coefficient thus obtained.

(i) Suppose the plot for estimated residuals with respect to x in the above
regression indicates that the error variances are not constant but increase
with the value of x. Will this cause a problem in OLS estimation? What will

be the consequence of such a problem?

(i) In order to test the presence of the above problem, a formal test (Glejser

test) was conducted, and the following result was obtained

le;| = —0.209 + 0.0512X;
se=(0.094)  (0.0034)
R’>=0927

How would this help in confirming the problem identified in part ii above?

State the null hypothesis of this test. (6x3=18)

P.T.O.
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3. A researcher aims to predict the Return on Assets (ROA) of Micro-Finance

Institutions (MFI) using the following model:

ROA; = By + B;NoB; + B,FM, + B;L0 + y;

Where NoB is the number of borrowers, FM is the percent of female borrowers,

and LO is the number of Loan Officers. Based on 54 MFIs, the following results

were obtained using OLS:

ROA; = —3.92 +.001 NoB; + 1.22FM; + 1.2 LO

(-0.5) (1.01) (0.99) (4.2)
R*=0.812

(i) Interpret the coefficients of NoB and FM.

(i) Based on the results above, how would you check for the presence of

Multicollinearity in the regression? If found, will the aim of the researcher be

difficult to achieve?

(iii)) The Variance Inflation Factor for NoB was reported to be 17.3. How do

you think this number was obtained? (6x3=18)

4. A researcher studies monthly household water consumption (in kilolitres) in different

regions.

The following regression model is specified :
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C; = By + B;HHSize; + ByIncome; + B3Dyy; + ByDy; + Bs(Dyy; X Income;) + Bg(D, ; X HHSize;)
+ Ui

Where :

C,: Monthly water consumption

HHSize, : Household size (number of members)
Income, : Monthly household income (in Rs. 10,000s)

D, .= 1if the household uses a metered water connection, O otherwise

DA_[, = lif the household lives in an apartment, 0 otherwise

The estimated Regression Result based on 39 households using OLS is

C; = 2+ 0.8 HHSize; + 1.5 Income; — 1.2 Dy;+05D,; —0.4 (DM]l- X Incomei)
Se (2.32) (0.35) (0.03) (0.18) (1.09)
+0.3 (Dy,; x HHSize;)

(0.11)

(i) The researcher wants to calculate the effect of income on water consumption
for non-metered, non-apartment households and for Metered, non-apartment
households. What does she calculate, and is the difference statistically

significant at 1% level of significance?

PT.O.
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(i)
(ii1)
5. (a)
(b)

6
The researcher also wants to find the impact on the consumption of water
of a non-metered apartment on average if another member is added who

earns 350,000 per month. What will be her finding?

The researcher realised that she had forgotten to test for heteroscedasticity.

Which of the parts above will she have to rework, and why?  (6x3=18)

A regression model is specified as ¥; = fX; + w; where u and X satisfy all

the basic OLS assumptions. Two estimators of  have been proposed.

5 YYX;
and ,82 = W

> | =<1

ﬁ1 =
Which of the two estimators is unbiased?

Suppose we run a regression Y; = ff; + ,X; +u; where Y, = log of
production per worker, X, = log of the wage rate, and the subscript i refers
to the ith firm in industry A. The parameter 3, may be interpreted as a
measure of the elasticity of substitution between labor and capital. The least

squares results for industry A are

Y, = —0.4 + 1.0X;
Se = (0.1) n

52

Show that R§ =2/3.
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(c) Consider the model Y; = fX; + u, for which all of the basic assumptions
are satisfied except that u = pu_, + v, where v is a white noise process
(i.1.d. with mean zero and constant variance). Can OLS estimation still be
applied? Show with a derivation a suitable transformation to correct for this

problem. (6x3=18)

6. A researcher wants to model the monthly sales (Y) of retail stores in a city as
a function of different location and demographic variables. The original regression

model is estimated as :

Regression I: Y = 5500 — 120N + 0.45P + 0.95]

s¢ = (200)  (15)  (0.05) (0.20)
RZ = 0.579
Where :

N = Number of competitors nearby, P =Population in the neighborhood (in

thousands)
I = Average household income (in Rs. ‘1000), n = 40 observations

The model is re-estimated by adding a variable A = the last digit of the store’s

postal code:

PT.O.
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Regression II: Y = 5320 — 118N + 0.47P + 0.971 + 58.074
se = (180)  (16)  (0.06) (0.18) (95.21)
RZ2=0569 n=40

(i) Do you suspect a specification error in Regression II? Explain why.
(i) What are the possible consequences of such an error for OLS estimation?

(iii) Suppose the researcher decides to test for specification error by including
squares and cubes of fitted values in Regression II. After rerunning the
regression R? = 0.85. Carry out the Ramsey RESET F-test at the 10%
significance level. State the formula and steps clearly. Draw a conclusion

about the presence of specification error. (6x3=18)

7. The following cost function for electricity generation was estimated for 29 firms

in an economy

Y; = AXF PP P ot

where Y = total cost of production
X = output in kilowatt hours
P, = price of labor input
P, = price of capital input
P, = price of fuel

u = disturbance term
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The estimated model is as follows

Model I {n¥, = —4.93 + 0.94InX; + 0.31InP, — 0.261nP, 4+ 0.441n P,
Se =(1.96) (0.11) (0.23) (0.29) (0.07)
RSS =0.336 R® = 0.9388

After imposing the restriction that the sum of price elasticities is one

(a, + o, + o, = 1), the transformed estimated regression is

Model II:  In (g = —6.55+091InX; + 0.51 ln(%) +0.091In (1’3—2)
Se= (0.16) 0.11) (0.19) (0.16)

RSS =0.364 R*=0.9776
(i) Interpret the regression slope coefficients in Model I and Model II.

(i) How would you find out if the restriction (ol + a2 + a3) = 1 is valid?

Show your calculations.

(iii)) Construct an ANOVA table and then check for the overall significance of

Model II at 5% level of significance. (6x3=18)

1 wa o FeafRad w5 o ® ar @ o SR & fore wRun /s 31 (6x3=18)

(i) 42 AT (observations) 3R 5 FRATHS TR (explanatory variables) ST JTART
ETG I NTATE W NURT Teh Ui (regression) gRom ¥ R2 = 0.142 ==
forar mam ‘A R2’ (Adjusted R?) SROTeieR 81F1 @120

PT.O.
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(ii) SNTATH T HEA | W WA H T ek (slope coefficient) 2.11 21 fF a8
AT AT AT AR R %, ECISREE R ﬂWTaﬁ Uh ?]ng%fﬁ IR (random Variable) 8l
2

(i) 3= 95 -¥sEad (multicollinearity) & JuRAfT H, I g8 W A (standard
errors ) & HRUT JFAH AW U & AfFIRIT AT HEed T SMHeTT el
HiST B T 2B

(iv) WIRa a9 a1 (Weighted Least Squares - WLS) faw#al (heteroskedasticity) &

Jufeafer # R 3R e A YeE w8

(V) T S8 R U, W& 6 Y = By + BoD; + u;, T8 AR A & ol Tk e

WeT el B T e D; g uReIfSe @ w98t § v, o1 |9 WA (conditional mean )

T Bl

(vi) 3fet-RRAT (autocorrelation) I TH FA & foIU ‘Waw 3R ®weRor’ ( first
difference transformation) I& HI<T 2 for 3ffer - IRere =t AUIE -1 BT AT

2. W oo fF 5R U v Ffdaa 83 & 20 RaR & forg s (x) 3tk ot =3 (y)
¥ Feferd Toh W Sieer 71 S y 3R x BOIR T9A A WY AT F) SEEE T

TH YR B :
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¥, = 0.847 + 0.899X;,

Se=  (0.703) (0.0253)
R2=098  RSS=31.074

(i) SWFT Fe@H F e TUE  (slope coefficient) S R H| 5% @rdaRal
TR W AR & 99 A (overall significance) T T )

(i) I IO foF y 3R x BOR T0Al & 99T oG €9 § A0 o &, O SWed
AR & T he WNIfAd 87 FE YRR W AY el Ui Sl e
=y

(i) W Ao fof ST wfe § x & 999 W A @IS (residuals)
w1 wic g8 T & fF FR A (error variances) B A& ¥ afew x
T AE D AT Tl Bl T TEY INATE A | I G BRI V6 e
T GROTM T BT Y

T QAR I IURART B A FT B forg, v SheiRes qder (Glejser test)
s forar T, sk Fefoias Ry gam

le;| = —0.209 + 0.0512X,
se=(0.094)  (0.0034)
R2=0.927

P.T.O.
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T8 FW AN (ii) § UBAEN TE G A Qe A § hd HeT HAN ¢ T@ GALA A

I qRemeaT (null hypothesis) SR

3. UE WMUEHdl FRArRad Aise Sl IUART Tt Ao - e ea il (MFI) 3 @9t W)
Al (ROA) & st & 1 ded Wl @

ROA; = By + B,NoB; + B,FM; + B;L0 + y;

Sl NoB Suradisi &t 4@ 8, FM HAfeell SURSEdAIst &0 wfaed 8, 3R LO =0
SrferepTiRay & | 71 54 MFIs & 3R T, OLS &1 IYART ohieh fferiad aRom wre

BU .

~

ROA; = —3.92 +.001 NoB; + 1.22FM; + 1.2 LO

(-0.5) (1.01) (0.99) (4.2)
R?=0.812

(i) NoB 3R FM & T[Uliehl it = il

(i) IWFT URUM & YR W, AT YW= § 95 -gs@ad (Multicollinearity) &
Jufturfy & ST S A1 ? afe I8 9/ Wil ®, A ST MRl & ofed i WIS ST
HidT BRI ?

(i) D95 & forg ‘ARG g7welgeT waer’ (NoB) 17.3 Tl fohal T =M1 URT ST ST

? & g5 W 99 e g3 7 (6x3=18)
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4. UF Muswdl e & & Wik = ot 9t waa (fRefieiier §) =1 sreae o 2

freafefea wfoee wtea ffde 2

Ci = BO + Bll_H_ISiZei + lencomei + B3DM,i + B4_DA,,: + BS(DM,i X Il’lcomei) + BG(DA,i X HHSiZGi)
+ Ui

C,: Wif¥er IR S @

HHSize, : 9RaR &1 AR (FT@ ot ae)
Income, : A& TR 3@ (10,000 T F)

D, =13 T § M qel T & FAew 8, 0 Fa
D, = 173f 9RaR FaddHc ¥ & B, 0 S

OLS & ITART & §T 39 ¥R W NeMRa 3= Ifowwe aiRomw 2

C; = 2+ 0.8 HHSize; + 1.5 Income; — 1.2 Dy;+05D,; —0.4 (DM]l- X Incomei)
Se (2.32) (0.35) (0.03) (0.18) (1.09)
+0.3 (Dy,; x HHSize;)

(0.11)

P.T.O.
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(i) Terehal 3T M aret, W- FadHe’ = & fg ik wieT o, IR - sddie” = &

forT o=l & WU W T D WG i IUET HEl el 81 98 AT 0T hell 7, 3R

T AR 1% afhdl TR R ARAEE T 4 AecaqqW 8 7

(ii) IMerehal MG Yk IeAT Hex ared uicAe’ & I 9 @O W 98 arel N
N T et ®, fe TR 3R 9ew ST ol € o Wfd e 50,000 ¥ HAH 2
IS @Il T BRI 7

(iii) IMerhdT i TEa™ 3N foh a8 fawwen (heteroscedasticity ) ST IS0 AT S 18 <A1
I FIW & o7 B W e ¥ ™ e B, 3 4P (6x3=18)

5 (F) T& AW AEA Y; = fX; + u; €A M 2 7ol u AR x E9F gEEE OLS
AT F T T Bl B D A FTAFEE (estimators) T fRg ¢

I A A FAT A TS e (unbiased) 27

(@) o Ao fF &5 v g ¥ = B + foX; +u; TeW B Wt Y, = wi
e JeE N AT, X, = AGH R A AN, R FERwT | IJANM A di-R
T I Gl el 8| TREIC B, Tl 5W 3R Io & el wfcredro &t ard (elasticity
of substitution) & AT & € A AW W1 Tl 31 JANT | & forg =g=e™ Tt aRom
L
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Y, = —0.4 + 1.0X;

Se = 0.1) n=52

femnd f7 R2=2/3 2

(1) WA Y, = fX, + u, W fFor R s fow w3t g arog e @ fram
& 6 u = pu_ + v WEl v T BIEC AGH ARl 81 T T T OLS FTA=
TR ST Ghell & 7 58 Gl Sl Sieh el o ol Ueh IUgerd ®IERYT ( transformation )

e (derivation) & & faamd (6x3=18)

6. UF MUFHdl Yoh T A G R F e ot (v) A i e sk smaieata
R H B D T H QA HEA B B

T WA A HT A T8 THR WAl R B

Regression I: Y = 5500 — 120N + 0.45P + 0.95]

se = (200) (15)  (0.05) (0.20)

R2 = 0.579

o

S <
N = 99 & Wfoefal & 9@, P = T & see (AR ),

[ = 39d = 3™ (1000 T F), n = 40 JEeAHA

P.T.O.
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TH W A = ®R & 07 &g o 3w 3i, Sliga e &l O S0 T I/ 2

gfeeme 11 Y = 5320 — 118N + 0.47P + 0.971 + 58.074

se = (180)  (16)  (0.06) (0.18)(95.21)
R2=0569 n=40

(i) oFr 3maeR! wfaee 11 ¥ fafada ﬂﬁf ( specification error) AT weE 87 W W 4|
(i) OLS 3w & forg &t FfE & wwifa aRumr @=n €7

(iii) 9T NoTE for Mereral wiemm = § fihe fohg 70 w0 & a1 3R o o) et ol
fafds 3l =1 wRewr = @ Pl o @) e @@ iR @ I @ 9 R2 =

0.85 3T 21 10% |riehal TR R W& R (Ramsey RESET) F - 90T TH¥| 97 3K
TWON A T W ¥ gq”| fafdyw qe A IuRafy & ar 7 Fead Fee

(6x3=18)

7. U IHaRdl § 29 WA & forg fawrelt Saumew & forg fAwfoiRad @R wele @ S

T AT AT

Y; = AX PP PR P et
SR Y = IEd S R/ AN,
X = foelare 9¢ % smseTe,

P, = %9 YT & T,

g
Il

, = IO I A,
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P, = Sud & @i,

u = TESSt (disturbance) US|

FT AT T6 TFR 7

Wsa I InY, = —4.93 + 0.94InX; + 0.31InP, — 0.26InP, + 0.441n P,
Se = (1.96) (0.11) (0.23) (0.29) (0.07)
RSS =0.336 R*>=0.9388

q’s’ﬂﬁlﬁﬁﬂﬂﬁ%mﬁ?'ﬂ?ﬁ?ﬁ? (price elasticities) T AT U @ (o, +a,+oa,=1),
TR AT AR #

W I In (55 = —6.55+0911In X; + 0.51In(2) +0.09In (=
3 3 3

Se= (0.16) (0.11) (0.19) (0.16)
RSS = 0.364 R®=0.9776

(i) Wtz 1 3R Afee 11 ¥ FRAWA e TUliehi dht AT e

(i) 39 A T WA o wfesy (ol + 02 + a3) = 1 9= & a1 A8 7 g O
@)
(iii) T ANOVA diferehl =0 3 fhe 5% Hrefehal &R W Hiser 11 @ FHT ardeham &t

S (6x3=18)

P.T.O.
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APFENDIEE: STATISTICAL TAELES 517

TABLE E-1a AREAS UNDEATHE STAMDARDIZED NORMAL DISTRIBLITION

Example
Prilh = & = 146} = [/
Prif = 196) = L5 — 04730 = 0025

Z o a1 g fu ] 04 el G T [ s
0.0 Rulili R Bl 0120 D60 0159 L23s AEra Mg M3BES
0. ke L 48 -1 skl ul-alc) GG T 0y 14 s
0.2 RUFy= Qi 0am Ruj=1e DadE oear 1028 L10E4 103 14
R A97a JENT 1255 JEa a1 s 1408 443 1480 1517
0.4 1554 5 d6za eG4 A700 ATas A7T2 B 344 JETE
0.5 L1815 V1850 1985 2018 2054 20aE 2123 2ET 2190 B
06 2257 22 234 2E5T ZIET 2422 2454 2488 2517 2543
0.7 J2EAN 281 2642 2ETA 2704 2Tad 2764 aTad g ek ] JBRED
0B 281 230 2953 28T 2905 3023 4051 30Ta 08 33
0.8 L3158 L3186 a212 oo A264 sazan AE 3340 LEIGE 35S
.0 2413 S3E H4E1 3485 508 felchl 3554 AsrT Hew JEE
1.1 SIEAG L3865 GBS LT 3728 RoFE) 370 ATE) 10 BN
1.2 SEAR (3ERER 38ED fieio ) HEE et L 2l ory ol gy 4015
1.3 4032 A0 A0ES 4082 A0EE 4115 A3 AT AEZ A1TT
1.4 4152 AT Az AZAG 4251 AEES 4275 AzE AA08 438
15 43532 A35 A3ET AFT0 AIEE 4334 AA0E Ad1E 425 Adad
1.6 4452 A4S 4474 4484 408 AR5 4515 ARG A53E AR45
1.7 Ad5d 4584 A573 4532 A1581 4533 AF08 AB18 A525 AB3S
1.8 4641 (B0 ABES AAEE4 AET1 4EBTE AEEE AEEG 4RSS AT06
LB A3 AR AT A2 AT e A4 A7 S0 Arsh 4761 ATGT
2.0 4772 ATTE ATES ATaE A7E3 4788 4803 ] 4812 ABTT
21 AEE ARZE A8 AEI4 A58 ARAE A4 AR 4454 ABGT
2.2 4B 4854 AgE3 A4ET AJTE ABTE A381 AER4 Adar BB
23 B A5 Aaod 480 s AE0E A5 4811 45913 4816
24 AB1E AE20 g2 AE2S AgET 4520 A3 4832 4934 4838
2.5 =X 4340 4941 =nh 4945 =l Ao 4848 4951 4852
26 4853 AE55 A958 AB5T A958 4880 961 ABE2 983 ADE4
2.7 =il il AQET LA EEE ASED AET0 4971 4872 4973 4874
pft -] AET4 TS ARG AET AgTT 4878 AT A8 4580 45
2B 4881 AEE2 AQER AEE3 AgE4 4084 A93E 4085 A9 ABBE
a0 A8AT AsaT AaiF 4508 AGan 4880 AGED 4804 A998 450

Feofa: This labke gnves tha anss in tha nighl-hand $al of the deinbulion (e, & = 0. Bul snce 1he normal distnbubion s symimetncal abou
& =1, 1ha area intha kf-hand [ail 15 tha sams as tha asa in tha comesponding right-hand tail For exampla, B - 198 = 7= 0} = 04750
Therelon, F-186 = & = 1865} = 204750} = 0.86.
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518 APPENDIMES

TABLE Eab CLUMULATIVE PROBABILITIES OF THE STANDARD MORMAL DISTRIBLITICN

Entry is area A undsr tha standard normal curvs from —= 40 Z(4)

F4 ey a1 L e % a3 6 oy e e
0 S000 5040 SS0E0 S1E0 5160 B E2ES EaTe B JB3ES
A 5386 5436 SdTE AS51T 5557 S50 5836 BETE BTl ATE3
2 ETa3 Saae SET 5210 5048 Eog7 Lo2e 054 B03 14
3 E1TR R-rak) BESS BEEa G331 HaEd BA0E B4 E4E0 G517
A BG4 BB BE2E JGEE4 BP0 BT 3G 8yT2 EH0E Eidd BEra
h= E#G B0 85 k) FO54 FOED MEd Mar J1R0 f2e4
R:i T25T i | T4 T3ET 7385 Taz2 7454 7488 TEIT 548
7 TEAD e Ta2 JTETA ROyt R T4 rad TEZE JEE2
8 Jaa TE0 TE38 TRET T9ES 023 8051 EOTE E106 133
§- | B159 B85 Bz Jazaa AB2dd Az AiE 40 BIES Aaag
1.0 B3 8436 a1 8485 asia 853 8554 ESTT ool A521
1.1 43 BEER JBERE JAaTa AT AT45 ATTO BTa0 B0 BB
1.2 (B4R (BRER B8 i-loen) 495 2544 BEEE Egial BT F013
1.3 Bz B4n R=le ] 808z A0 A5 2131 47 B1E2 ATT
1.4 192 ST SERE 236 F251 2B F2TE e R30E gG31g
1.5 Baaz B34 B35T 8370 382 =0 i=n 2408 BB B2 Add
1.6 R-F k) S H474 404 R SBE05 S518 B3R f-Lo ] H545
1.7 B354 2554 BET3 a5g2 a5 JB5Ea 8508 516 BE25 8833
1.8 Bl = JLEEE S A5 BETA SEAE = k] Lggn BT
1.4 BG A gree A @ #rd4 FE0 ot e LT
2.0 a2 STTE Hras HTaE ATEa R-ry- 2803 a0 aa2 ST
21 fos oyl SEZE SE30 B34 @833 #a42 M Sy 254 1T
2.2 BAG1 =k BBEAS S8BT 8a75 gava DB EdEd BRET 8850
2.3 BERG SHGE el S S504 HEG s N EEG 16
2.4 BB 2E20 a2 BeEs 8927 Aoz 2951 EeEE B 2938
2.5 SrEan =] B | R-i-nk] Aa45 Saad 25948 -] B | H9Ea
2.8 BESE BE55 BB56 8857 8953 JBOED 2361 Bz BEEE 9964
27 el = SBET 888 H985 R 2471 T2 - T H974
2.8 BT SETS SFFE ST Sgiv #ra wTE e EEan F981
2.8 Re | LAz .boaz ==X ] 8084 JSOES S9BE Lt =] 085
3.0 Saar ST a8ar ge8a a883 s AR ey SrEan S0
34 Ee3a0 BEa Bea Bed1 o2 o Saa2 JEag2 Eeaas Aa5d
3.2 EERG SERG I S a4 WEE e s RS PR
3.3 BBas 9835 8835 8058 8958 el 2306 EE9E Reel ) 8987
3.4 ST ST oesT aeaT S987 Jsaa7 2aa7 erag7 SregT 958

Selacted Parcentilas
Cumulative probabiity A: | 80 | 85 | 875 | 8B | 99 | 895 | .BE4

Zidy | 1282 | 1845 | 1980 | 2osa | 2306 | 2576 | 3000

PT.O.
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TABLE E-2

20

PERCEMNTAGE POINTS OF THE tDISTRIBUTION

APPEMDIX E: STATISTICALTABLES 519

Example
Pr{f == 2.086) = 0.025
Prif = 1.725) = 005  ford.f =20

Pri|¢| = 1.725) = (.10

Prl 025 0.10 0.05 0.025 0.01 0.005 0.001
a1, 0.50 0.20 0,10 0,05 0,02 0,010 0,002
1 1.000 3.078 6314 12.706 31.821 63.657 318.31

2 0.816 1.886 2.920 4.303 £.965 9,925 22.327
3 0.765 1,638 2.353 3.182 4.541 5,841 10.214
4 0.741 1.533 2.132 2778 3.747 4 804 T7.173
5 0.727 1.476 2.015 2,571 3.365 4,032 5,893
[ 0.718 1.440 1.843 2.447 3.143 3,707 5208
T 0.711 1.415 1.B95 2.365 2.998 3,488 4.785
8 0.708 1.397 1.B60 2,308 2.896 3,355 4.501
9 0.703 1.383 1.833 2 262 2,821 3.250 4.297
10 0.700 1.372 1.812 2228 2.764 3.169 4.144
11 0.697 1.363 1.796 2 204 2718 3.106 4.025
12 0.695 1.356 1.782 2,179 2,681 3.065 3.930
13 0.694 1.350 1.771 2.160 2,650 3.012 3.852
14 0.692 1.345 1.761 2.145 2.624 2,977 3.787
15 0.691 1.341 1753 2.131 2.602 2,947 3.733
16 0.690 1.337 1.746 2.120 2.583 2.921 3,686
17 0.689 1.333 1.740 2.110 2.567 2,898 3,646
18 0.688 1.330 1.734 2.1 2.552 2878 3610
19 0.688 1.328 1.729 2.083 2.539 2,861 3.579
20 D687 1.325 1.725 2.086 2.528 2,845 3.552
21 0.688 1.323 1.721 2.080 2518 2,831 2,527
22 0.686 1.321 1717 2074 2 508 2,819 3.505
23 0.685 1.318 1.714 2 069 2.500 2,807 3.485
24 0.685 1.318 1.711 2 064 2.492 2,797 3487
25 0.684 1.316 1.708 2 060 2.485 2,787 3.450
26 0.684 1.315 1.706 2056 2,479 2,779 3.435
27 0.684 1.314 1.703 2.052 2.473 2,771 3.421
28 0.683 1.313 1.701 2.048 2 467 2,763 3.408
29 0.683 1.311 1,699 2.045 2.462 2,756 3,396
30 0.683 1.310 1.697 2.042 2.457 2,750 3.385
40 0.681 1.303 1.684 2.021 2423 2,704 3.307
[14] 0679 1.298 1.671 2.000 2.390 2 860 3.232
120 0677 1.285 1.658 1.980 2358 2617 3.160
o | 0674 1.282 1.645 1.960 2,326 2576 3.090

ot The smaller protablity shown at the bead of each colummn ks the area in one tall; the Brger probabllity

i the arsa in both Laiks.

Soiwvce: From E. 5. Pearson and H. O. Harlley, eds._, Blomelika Tables for Statisticiars, «ol. 1, 3rd ed.,
Tabds 12, Cambridge University Press, New York, 1966, Reproduced by parmission of the edilors and truslees

of Biomeinika.
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TABLE E-2 UPPER PERCEMTAGE PQINTS OF THE FRISTRIBUTION

Example

Prif = 1505 = L15
Prit = 242) = .10 for df. &y = 10

Prif = 3.14) = 13 and My =9 )
PriF = 5.26) = (01 o TR !
dl for
depin- I Far nismeraion iy
nalne
e oo 2 3 4 5 B 7 8 5 10 11 12

25 543 .50 820 B.58 a.na 8.58 210 219 .26 .32 .36 241
1 Ao 3980 4950 5360 5580 2 GFE0 S5AR0 SBO0 A0 Bae0 B0 BOED  BOOD
A METOD D000 PIEO] FRLOD FE000 FE4.nd 2350 FEOn E1000 2200 A0 24400

25 257 300 315 323 bR B | 3 235 57 a5 3.5 339
F A0 Bl R AL W24 9.4 £33 =R L RO 9.8 9.4 .40 241
a5 1850 1800 1820 1820 1930 1930 1940 1940 1940 1840 1940 1940
A BBED Ea0d 8920 9520 930 9930 9040 940 B840 BB40 8940 8040

25 20z 2.4 234 234 24 242 243 244 244 244 245 2A5
3 A0 B.54 G5 B35 B34 a.: 5.28 527 G526 524 5.2 G2 B2z
s 10,10 a.5L5 24 w1E 9. 84524 BB 8.0 a.p 8.4 8.6 B.r4
M A0 3080 2850 2870 A0 el 2TV FFED N 20 Fan AN

sl .81 200 “.0h Al 2. .04 208 208 208 204 208 2h8
4 Ao 4.54 4.32 4.19 4.11 4.05 4.0 398 a6s 364 ae2 e 340
s [ | SRS E. 5 Bl i, .14 =X £ &,00 SR 5.0 551

Mo Ea2n 1300 1EW 1800 1550 4520 150 148D 1470 1450 1440 1440

26 1.68 1.85 1.84 184 1.89 1.5 .85 1.88 1.88 1.89 1.88 1.48
5 Ao 4.06 ara 382 352 345 344 337 33 332 3.0 ags 327
Ria G661 6.9 B4 519 6.06 4.85 4 8 482 477 4.74 4.M 4 Gl
| 1630 13,30 TE 1 11,40 .00 1A 105 1050 10,70 14,10 956 =K 1=

25 .82 1.76 1.78 .78 1.79 L7 1786 178 137 197 197 177
L Ao 39B .46 22 24 a1 .05 am 2ne POE 20 292 240
05 Ba| .14 478 4.53 43 428 421 415 410 406 .03 400
1370 1080 &7l 816 8375 847 B2 A0 TeE Y87 7.8 Tz

25 1.57 1.70 1.72 1.72 1.7 1.7 .70 1.70 1.68 1.64 1.60 166
7 BIE as8 A aa7 20 288 283 2 276 2.0z 2.7 208 287
05 558 474 4.35 412 asr  as7 are ars A.66 364 360 347
aoz2n B.ES B.45 788 7.6 FA L Gas 6o 6.1z .6 .54 A7

25 1.54 166 1.87 168 1.66 1.65 1584 164 163 163 163 182
i A6 346 amn 2a2 281 2’ 287 282 258 2.56 2.54 2.52 2450
s = 4 A6 4,07 84 d.:9 3.1:4 34 344 o c= 3.5 g1 278
M 130 .65 1.58 .01 663  8.37 18 603 5.8 5.81 5.3 547
2 LIS 162 1.63 .63 162 1.61 L] 160 1.8 1.9 1.8 158
a9 A6 336 A 2 260 261 2.55 251 247 244 242 240 208
Ria Bz 456 188 363 48 A ax A= ERL ERES R E 347
Mo Ing0 a.n2 .98 E.42 608 580 581 S47 535 5,24 S8 541

Soovoe: Fraom E, 8, Pearson and H, O, Hartlay, ads,, Biomainia Tables for Salsioans wi 1, 3rd &, Tabke 18, Cambridge Linkarsity
Pres, M Yok, 1868, Peproduced by permizaion of the editor and insiess of Bomeiika.

P.T.O.
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d f, dar
o I numerahar iy dhaficii-
inatar
15 20 24 ki 4 S0 8 106 120 2Hy 500 o Fr My

9.45 9.8 B3 aEr 8.1 B4 BB a.J/B B0 982 B 985 M

E1.30  B1.70 8200 B2 B2A50  B270  E280 8300 B3O B3AE0 EX3D ERED 4D 1
2D Aa00 24B0H  FLO0G 0 P10 FLAAD RLEA0 0 2L3AHF  FE00 FEA0 e o A0 Ob
a4 343 343 HEE] 345 345 346 347 347 A48 A4a a4a 325

2.4z G844 .46 .46 EEF EEF EE EE111 4.48 .48 G.449 249 b 2
1940 1940 1850 1950 1950 1950 1950 {1950 1450 1950 450 1950 05
Badn 940 9060 0 MEED BOAD  BOAD  BOGD G060  G9ED  GOBD  GBED BAED N
246 246 246 247 247 247 24T 247 247 247 247 247 2%

G.20 .18 =R ] 517 E1E BB BB B.14 514 5.14 514 513 0 3
A0 A.EE B i AE2 BhLa BLE BLS B Lk H L A4 559 Akid b
B0 IO 2680 2ME0 40 XG40 IO J630 2820 X0 2840 2610
208 208 208 2048 sie s0e siae 208 #.08 208 #.048 2048 3

A8T 384 383 a.a2 380 3A0 ara 378 ava aiT AT O 4
5.06 5.0 BT 575 72 E.70 4B B 5. EH 5.86 5. B4 1 i
1420 1400 1380 1380 1EF0 IEF0 IET0 1360 1360 1350 1350 1350 M
1.88 108 1.8 1.88 148 188 147 1487 1.67 1.87 1.67 1.87 28

3.8 3.z 319 T 316 315 314 313 312 iz an 3ia An 5
482 4.56 453 4.50 4 A6 444 443 441 440 4,39 497 4.3 08
a7 a.5h5 a4ar 9348 [3a B34 R0 213 4.1 a.08 a0 a2 AN
1.76 1.76 1.75 1.75 175 175 1.74 1.74 1.74 1.74 1.74 1.74 28

2.8r 284 282 2480 208 240 246 2450 #.04 203 #d 2038 AEH] 4]
a8 A.8T 384 a81 arT a7e a4 ar ava a.68 AEA 387 08
7.BE .40 n 7.2 7.4 Tia THE [ .67 .60 .60 GE0E
1.68 1.67 187 166 146 1486 1485 1.85 1.5 1.65 1.E5 165 25

2083 2.68 258 256 254 252 251 250 2.49 2.8 248 247 b 7
.51 344 341 a4 334 33z 30 327 3T 55 324 o B Y
6.0 616 BT 5849 5 5AE A2 575 574 590 H.E7 585 M
1,62 161 140 160 148 148 148 .58 1.4 1.L8 1.4 1.8 3

246 242 240 2.3 236 245 2.4 23z 2.3 2. 2,50 2.2 b a
477 4,15 2.1F 4048 214 202 21 25 2.8f ] ] 253 0L
a.52 536 528 520 51z 507 503 4 .96 4,55 481 488 488 M
1567 186 18E 1,65 155 154 154 153 1,53 183 153 1653 36

2.5 2.0 228 2.5 223 222 224 215 2.1a 217 247 218 b g
A 284 250 20 283 280 27a 278 a7h 2.7 ave 27 a8
4,56 481 473 465 457 452 4 48 4 47 4,40 4,56 4.5 4531 M
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE FDMSTRIBUTEIN (CONTINUED)

23

LN
denam- . o mumeralor A
mnator
g Pr 1 z 3 iq 5 & T B 2] 10 11 12
25 148 1,60 1.6 1.58 1.58 156 1.57 1.58 1.58 1.55 1.55 1.54
L] A 320 .62 273 261 2h2 246 241 258 245 232 2.0 2.8
05 4,56 410 am F48 333 3az2 ERES any T2 298 2,54 2.,
i 10,00 T.5E 8.55 509 584 a0 5.0 5.08 4.94 485 437 4M
25 147 1.58 1.548 1.57 1.56 155 1.54 1.53 1.53 1.52 1.52 1.51
11 A b et 286 2.648 254 245 249 2.0 2.0 227 226 2.2 2"
ah 4 B4 R 3.5 304 i ] 302 4. 295 il 2485 282 2.4
K| 985 T.: 8.22 EET a2 507 4.8 474 463 4 54 446 4.40
24 146 1,56 1.5 1.55 154 1453 1.2 1.51 1.51 1.5 1.0 1.49
12 10 318 2.1 281 248 239 243 2.8 224 o) | 218 247 215
M5 4.76 apea 3449 226 an 200 2.4 285 280 278 am 2069
m 233 62,53 5.85 241 506 482 464 450 4,34 4 30 452 418
25 1.46 1.55 1.68 1.53 1.52 1.51 1.60 1.449 1.45 148 1.47 1.47
13 1 4,14 206 25 43 235 2B 283 #.:0 . 1§ 214 o 2,10
A5 487 am a1 18 303 24z 283 277 ol | 287 283 260
al a.10F &.00 hF4 [Pl | 4 HE 4 52 4 44 430 4. 14 4. 110 402 o
25 144 1.53 1.63 1.52 1.51 1.50 1.49 1.44 1.47 146 146 145
14 1 4,10 2.4 &3 & ) 241 24 2,19 215 0 b 2.1 208 204
05 460 AT+ 3534 N 286 245 276 2 285 280 2.57 253
am .05 G.51 .64 f.04 4 6% 4 46 4.4 414 4.03 254 A.06 a.E0
25 143 1.52 1.52 1.51 148 148 147 144 1.48 1.45 1.44 1.44
1E A .07 a7 249 296 227 am 216 212 205 208 2.04 202
ik 4 54 4.E8 3.2 O 2 2,48 2.M = & Bk} 254 2.5 248
i a.88 600 542 489 456 432 4.14 4.6 A 380 a7 AET
25 142 151 151 151 148 14T 146 145 144 144 144 149
16 A 106 2487 2448 23 2 218 213 2.8 208 203 2:an 1.64
ah 4.48 d.63 3,24 201 285 204 2 BB 258 <54 2at 246 242
m a5z a2 524 477 4 44 4320 403 A E 378 3488 aE2 AEs
25 1.42 1.81 1.64 1.45 1.47 146 1.46 1.44 1.43 142 1.42 1.41
17 10 3.03 254 244 o] | 222 215 210 208 203 21Hy 1.88 1.84
M5 446 a8a 3.20 206 2m 270 28 2E5 249 245 2.4 2.8
al A.40 .11 h14 465 4 34 4.10 a.53 | 364 a5k a4.52 I
25 141 1.50 1.44 1.48 1.46 145 1.44 1.43 1.42 142 141 1.40
£ 1 4. 2E2 . | 23 213 208 204 . ) .58 1,56 153
A5 441 A55 318 243 277 246 2.58 281 248 241 2.7 2.
. a0 G 5.0 4.50 4 26 401 and an 26D as a.4a aar
25 141 1.49 1.44 1.47 1.46 144 1.43 1.42 1.41 141 .40 1.40
1% A 2.0 2081 2.4 2oz 21 211 206 2.2 1.490 1.56 1.64 1.81
05 458 .52 313 2.90 274 2483 2.54 2438 242 238 2,54 2.3
am a1 .63 .01 450 417 244 arm el e aa2 242 A6 a.E0
25 1.40 149 1.44 1.48 145 1.44 143 1.42 1.41 1.40 1.38 1.59
20 A 287 2549 2.38 225 218 2048 204 2.6 1.98 184 182 1.89
ik 43 449 < 3 [1) ~as 271 240 2.:1 45 & ) 2.3 2.2 278
i a1 585 404 4.43 410 aar AT A58 .48 aar 2.0 a.za

PT.O.
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d . for
d.I. kor nurmaralor Ky BN
inatar
145 20 24 =) 40 LD Lot 0o 10 2 L == Pr Mz
1.53 1.52 1.52 1.51 1.51 1.50 1.50 1.4% 145 1.45 1.48 1.48 25
224 220 218 216 E13 212 21 0@ 208 207 208 206 1 LLH
2485 277 EZ¥4 EZT0 2648 2654 262 258 258 256 255 0 254 05
4556 44 433 435 47 4.12 4.4 4,01 400 3588 383 391 Ll |
1.50 1.48 1.43 1.43 1.47 147 1.47 1.46 1.46 1.46 1.45 1.45 25
217 2z 2100 2pa 208 204 2.5 200 200 1,92 1.88 1.97 A0 11
&2 285 281 G-I 251 &4 246 245 243 242 240 s
426 410 402 354 38§ 38 aTa am 369 368 3EEX 360 L |
1.46 1.47 1.46 1.45 1435 1.44 .44 .43 183 1,43 1.42 142 w3
210 206 0 204 21 154 157 1.66 1.84 183 1.82 1.81 1.80 A0 12
262 254 £ 247 243 &40 & 235 25 232 2431 2,30 s
4.01 388 3ve 370 362 357 .54 347 345 34 338 306 ™M
1,46 1.45 1.44 1.44 1.42 1.42 .42 1.41 1.41 1.40 1.40 1,40 25
205 2 1.98 1.86 1.53 182 1.80 1.68 1.68 1.86 1.85 1.85 A0 13
253 246 0 Fazx 2l 2l o] | 2.3 226 228 223 a2z 2 05
33z 366 358 5 343 334 304 3EY BES 4E2E aF aarv )
1.44 1.43 1.42 1.41 1.41 1.40 140 1.5% 1.5% 1.3% 1.34 1.38 25
2 .46 1.594 1.3 .84 .87 .55 .63 1683 1.82 1.80 1.80 e 4
246 238 2A5 2N 2327 224 2.2 218 218 218 2144 213 05
66 3 3.43 3.35 327 322 R am 3o 308 303 300 1
1.43 1.41 1.41 1.40 1.34 1.34 1.3 1.38 1.37 1.37 1.38 1.36 25
1.87 1.52 1.80 1.47 1.85 1.83 .42 1.7 1.7 1.77 1.7 1,76 A0 &
240 233 2289 235 220 .14 2.14 212 21 219 a20d 207 05
A52 337 A9 A A3 3,08 305 S8R 2o 2O 2@EF 287 Ll |
1.41 1.40 1.34 1.38 137 137 1.3 1.36 1.35 1.35 1.34 1.34 25
1.54 1.49 1.47 1.84 1.481 .79 .74 1.7 1.7E 1.74 1.73 1.72 A0 é
235 228 224 219 245 212 =1 207 208 204 202 2 5
341 326 1@ 300 302 2597 283 268 2B4 281 278 276 L |
1.40 1.3% 1.34a 137 134 .35 i .54 1,54 1.34 1.33 1.33 w3
1.91 1.86 1.84 1.81 1.78 1.76 1.75 1.73 1.72 1.71 1.69 1.68 A0 17
a2nm 223 219 215 210 2.08 el 202 2 1.8% 1.97 1.96 06
A 318 308 300 252 287 2.E3 2 2y am 268 265 ™M
1,38 1.8 1.37 1.6 1.5 1.4 1.54 1,33 1.33 1.32 132 1.32 25
1.88 1.84 1.1 1.78 1.7 1.74 1.72 1.7 1.68 1.68 1.67 1.66 A0 18
227 219 315 EnN 2106 204 pelli v 1.88 1.87 1.85 1.83 1.92 05
423 308 A0 2EE 284 .78 &3 68 286 2B 25% 2457 el
1.36 1.37 136 1.36 1.34 1.33 1.53 1.32 1.32 1.31 1.31 1.30 25
1.86 1.1 1.79 1.7% 1.73 1.1 1.70 .67 167 1.6% 1.64 1.63 13 b
223 2186 Zn 207 204 2.00 1.64 1.84 1.83 1.81 1.89 1.88 05
A5 00 EE2 R4 2TE mn 257 2B 258 25E 25] 248 o
1.37 136 1365 1.34 1.33 133 1.5 1.31 1.31 1.30 1.30 1.28 25
1.84 1.79 1.77 1.74 1.7 .85 1.5 1,65 1.64 1.63 1.62 1.61 A0 20
220 212 EZ08 204 1.54 157 1.85 181 1.80 1.88 1.86 1.84 05
a0e 284 ARG 2TE Z2ES el 251 254 2EE 24B 244 242 Ll |
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE FDISTRIBUTION {CONTINUED)

dli. lar
denam- Al R nameraior i

it

Ng Pr 1 ] 3 4 h [ ) 4 b iiY 11 12

: 140 14B 147 146 144 142 141 140 189 189 138 147

) A0 285 256 235 232 243 206 201 15T 183 1850 188 186

05 430 344 305 282 266 256 246 240 234 230 236 223

A -] 507 4 B2 4.1 454 4.6 4.5k8 .45 2,35 2.6 218 212

25 138 147 146 144 143 141 140 139 138 138 137 196

] i [x] 253 2504 253 218 210 204 1458 1.4 1.9 1.88 1456 143

05 428 340 A 27R 282 251 242 23 230 236 231 2B

o TE2 GBI 472 422 4g0 287 480 A3 22 247 200 309

25 138 148 145 144 142 141 139 138 13T 15 138 1385

o6 A0 2e 2ER 2M 0 217 208 201 186 182 188 188 184 181

05 423 337 288 274 250 247 239 23 237 2@ BAB 245

o 772 553 484 404 APE A58 342 320 3B 300 302 296

25 138 148 145 143 141 140 139 138 157 136 135 134

28 A0 2B 2ED 299 246 206 200 184 180 187 1B 181 170

s 470 4.3 ] 2.M 2LE 245 238 2749 2.4 218 215 212

o TE4 545 457 407 975 353 93 323 342 B08 296 240

il 1,58 145 1.44 142 141 1,38 1,58 1.3F 1,36 1,35 135 134

] A0 ZBA  24p  2PR 214 205 188 183 1B8 185 182 179 177

06 417 A  2ge 288 2E3 242 233 23T 2E 2AE 243 2400

oM 7TEE 539 451 402 470 347 330 347 BOT 208 241 264

26 135 144 142 14D 138 197 13 136 1M 13 132 1

40 0 284 Add 283 208 200 143 1.8F 1.83 1.8 1.6 1.3 1./

05 408 323 284 261 245 23 235 24B 242 206 204 200

Ao P | 518 4.3 483 4.5 4.9 412 258 2.8 280 243 ZHE

25 135 142 441 138 157 185 13 13 1 130 129 120

B0 D 2.m 238 2B 204 158 1.8F 1.82 1.0F 1.4 1.M 148 14E

05 400 345 276 253 237 23 247 240 24 199 195 148

M TOB 488 413 A86  AM  ai2 286 22 272 263 256 25D

25 13 14D 159 13 135 153 15 150 189 13 127 128

120 A0 276 236 213 188 180 12 177 172 188 186 182 140

s a.57 4.0 268 245 279 217 208 202 146 1.5 147 143

& GBS 470 ABs A48 A47 286 270 286 256 24T 24D 234

] 1332 138 138 1.6 134 132 1.1 1.8 178 1.7 136 1356

200 A0 273 23 211 187 1B8 180 176 10 166 183 180 157

06 AmS Apd 28R 242 28 214 206 188 163 18R 184 180

M 876 471 3B8 341 A1 289 2T 260 250 24 234 22T

iR 1m0 187 13 1| 1m0 1m0 1m0 127 13 124 1

o A0 27 23 208 18 185 177 172 167 163 160 157 155

06 Am4 200 2E0 237 2E 20 201 184 168 183 179 176

oM 663 461 378 a3 a0e 280 264 251 24 23 235 2B

P.T.O.
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o1 dar
o I, kb nusmeraion iy T
inarlar
15 20 24 o 40 50 1] 100 120 200 500 o Fr M

1.4 1.:24 1.23 1.3 1.21 1.21 1.:20 1,20 1,20 1.4 1.3 1.78 ]
1.81 1.748 1.73 1.70 1.67 1.65 1.64 1.61 1.60 1.59 1.58 1.57 Ao =2
214 207 203 1.8 1.4 1.91 .89 185 184 1.8 1,80 1./8 Al
2.58 263 275 .67 258 253 2,50 242 2440 258 233 23 m

1.34 1,33 1.3 1,31 1,30 1,29 1,29 1,28 1,28 1.2F 1.2F 1,26 ]
1.7 1.73 1.70 1E7 1.64 1.62 1.61 1.58 157 1.56 1.54 1.53 An 24
am 203 1.6 1.84 1.8 186 1.64 1,60 1.79 177 1.75 1.73 L1
268 274 28 258 249 244 240 253 23 227 22 A M
1.24 1.2 1.2 1.20 1.2 1.28 1.28 1.26 1.26 1.26 1.25 1.25 2B
1.7 1,71 1,648 1,64 1,61 1,59 1,58 1,55 1,54 1,53 1,51 1,50 Ao 26
207 1.6 1.85 1.64) 1.85 182 1.80 1.76 1.75 1.73 1.7 1.69 R
281 2B6  fBA B0 P42 pBEE 2= 2@, pEd N9 e 2aa m

1.3 1.3 1,50 1.28 1.28 127 127 1.26 1.25 1.25 1.24 1.24 25
1.74 1.64 1.6 1.63 1.68 1.67 1.66 163 1.62 1.60 1.49 1.48 A0 24
2.04 1.56 1.81 167 162 1.7 177 173 1.7 1.64 167 1.65 05
275 260 2.2 244 235 230 206 218 207 203 2.8 2.0 LI

1.32 1.30 1.249 1.28 1.27 1.26 1.26 1.25 1.24 1.24 1.23 1.23 25
1.72 1.67 1.64 1.61 1.67 1.65 1.64 1.61 1.60 1.48 1.47 1.46 Ao 0
2o 1.83 1.B9 1.B84 1./ 1.6 1.4 1.q0 168 1,66 1.64 1.62 Al
270 255 247 2.3 2.3 285 2™ 213 211 2.07 2.0a 2.0 m

1.:20 1.78 1,26 1.725 1.74 1.73 .72 1.21 1.21 1,20 119 119 ]
1.648 1.61 1.67 1.54 1.51 1.48 1.47 1.43 1.42 1.41 1.3 1.38 Ao 40
182 1.64 1.79 1.74 1.69 1.66 1.64 1.6 1.648 1.65 1.63 1.61 06
.52 .37 228 Z.20 Zm 208 202 1.54 1.82 1.67 1.683 1.80 m

1.27 1.25 1.24 1.2 1.1 1.20 1.1 197 197 1.6 1.15 1.15 26
1B 1.54 1.51 1.48 1.44 1.4 1.40 158 135 1.5 1.3 1.2 An =)
1.54 1.75 1.70 1.65 1.68 1.66 1.63 1.48 1.47 1.44 1.41 1.2 R}
.24 2.2 202 2.0 1.4 1.B8 1.B4 1. 1.4 1.648 1.6 1.80 M

1.24 1.22 1.21 1.19 1.18 1.17 1.16 1.14 1.13 1.12 1.1 1.10 25
1.55 1.44 1.45 1.41 125 1.4 122 1.2F 1,26 1.74 1.21 1.19 A0 120
1.75 1.64 1.61 1.565 1.50 1.46 1.43 1.37 1.35 1.32 1.28 1.25 05
214 .03 1.5 1.6 1.76 1.70 1.66 1.66 1.63 1.48 1.42 1.28 Eid]

1.23 1.21 1.0 1.14 1.18 1.14 1.12 1.1 1.40 1.08 1.08 1.0 25
162 1.44 1.42 1.4 1.4 1.# 1.28 1.24 1.2 1.20 1.7 1.4 A0 200
1.72 1.62 1.57 1.52 1.44 1.4 1.3 1.3 1.23 1.28 1.2 1.19 a5
213 1.97 1.89 1.7 1.64 1.63 1.58 1.48 1.44 1.3 1.13 1.28 M
1.22 1.19 1.18 1.18 1.14 1.13 1.142 1.06 1.08 1.07 1.04 1.00 25
1.449 1.42 1.58 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 Ao o
1.6/ 1.4 1.2 1,46 1.2 1.25 122 1.24 122 1. 1.1 1.0 Al
2.04 1.88 1.74 1.70 1.88 1.62 1.47 1.36 1.32 1.25 1.15 1.00 M
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TABLE E-4 UPPFER PEACENTAGE POINTS OF THE * ISTRIBUTION

085, area 259 area
Example "/f
Prix® = 10185) = (.45 5% area
Priy? = 2383 = 025 For .. = 20 =
Priy’ = 3.41) = .05 .
(T BE A4l L
Degrees Fr
ol Eraadam Ga5 a0 o7 880 a0
i agzTod = 19 167086 = 10°° QR208S = 0% agazrid = 1079 Riy L)
2 o160 201 NE0E 026 2107
3 0717 1148 2158 3516 S5B44
4 20T 257 A4 a7 1, CHEE
5 117 5543 B2 1.1455 1.68103
6 BTET a7 18573 1,5184 28041
T Sa5 12350 1,6E29 21674 2,831
& 1.3444 18465 21797 27326 3,455
9 1,7349 2.0a7s 27004 32,3851 41682
10 2 1564 2 EEE2 3.2470 30403 4 AREZ
11 28053 30538 a|15a 45748 55778
1z 3,075 35708 4,408 5,2260 8,3038
13 a3 E56 41005 5 O0a7T 5 E%1S 70415
14 4.0747 4 5504 56237 B.5706 7.7ESS
15 48004 E 2004 & 2 70808 o,5448
15 E 1453 E 133 69077 79816 9,312
17 58072 £.4078 7 5642 B.ETIE 10,0852
18 £.7643 7045 |28 9,355 10,8649
14 £.8440 73T 8.9056 10,1170 11,6504
20 7435 8 3604 95508 10,8508 12,8436
4| B.OAET B.A9TZ 10,2629 11.5813 13,2536
24 08427 0 E42E 10,8623 12,3040 14,0415
23 9.2604 10,1957 11,6685 13,0905 14,3479
1] g.BAE2 10,8564 12.4011 13,8484 15.65A7
25 10,8157 11,5240 13,1197 14,6114 16,4734
25 11.1609 121961 13.8430 16.3791 17.2010
7 11,8074 12 A7BE 145733 16,1513 18,1138
] 12,4613 13,5648 15,3079 16,9275 18,9502
24 121219 142558 16,0471 17,7083 19,7577
an 13,7867 14 9535 16,7008 18,4526 20,5052
40 20,7058 o2 1642 24 4501 25 BOAA 29 0508
En 275007 29.T0ET 323574 34,7642 37.6ERA
&0 35 EA48 374848 404817 43,1870 46, 4ERG
£l 437752 45 4418 48,7578 51,7393 £5,3250
a0 E1.1720 £3.5400 571632 A0.3315 84,2778
S0 £ 1963 61,7541 85 G456 68,1560 7asme
100" £7.3278 70,0648 742210 77.0295 82,3581

“For .1, creatier than 100 1he sxpreasion ae — W2k - 1] = Ziollws the stancirdized nomal disibaton, whes & rpressnta the
degrees of freedom.

PT.O.
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JTED EOD 250 I o] JEG 25 a (s} D05

AE A543 1.32%3 2.7085 3.8415 BO2%D 88349 TATRY
ETR4 1.3883 2TTRE 4 G0ER 59315 7.A7TA 921043 10.EOEBE
12125 2.3680 . 1084 8.2514 T.8147 B 34E4d 11.3449 12,8361
18228 AARET E 1ARl 77784 9,.4877F 11.1433 132767 14 8602
= 4.3515 66257 9.2564 11.0705 128325 15.0863 16. 74568
34548 540 7.aa00 10,6445 12,6516 14 4404 168119 10 B4
4 F54% 63453 20372 12,0070 14,0671 180128 13,4753 20277
EOT0E 7441 102168 133618 16.6073 17,5348 20,0800 2156580
L.ages 8.3473 113387 14.6837 16,9150 190228 21,6660 23 5853
E.7aAT2 93418 12 5465 15.9871 18.3070 204831 23,2053 25,1862
T.5841 10,3410 13,7007 17.2TED 19,6761 21 2200 24. 7280 28 TGRS
E.4384 11.3403 14,8454 18.5484 21.0281 233367 26.2170 28 2955
G g0 12,3354 18 5055 19,8119 a2 38 24 TIsE 27 GRnY 290104
101653 13.33%3 17010 21,0642 23,6848 26. 1190 31413 3131893
11.0Q68 14,3305 18 2451 22072 24 oSER 27 40 38T 328073
118122 15.3385 19,3658 £3.5418 26,2962 28 8454 31,9959 34 FET2
12,7915 18,3381 2048687 24.TE50 27.6871 301910 3. 4087 35.T1ES
136753 173379 21,6045 o, e 28,8893 31,5264 34,8053 a5 1564
14.56820 18.3378 227178 27.2038 30,1435 328523 61808 38.5822
164518 193374 2302377 20 A3 a1,4104 341608 a7 BEER 5 a0
16,3444 203372 24 8348 23,8151 26705 35 ATED 33.93231 41,4010
17208 21,3370 280302 38133 a3,0344 387807 40, 2054 42 TO5E
181373 2. 3369 271413 320069 A5 1725 80755 41 5384 441813
18,0472 23,3387 282412 33,1883 36,4151 393841 42 9758 45 BEES
19.9393 24, 3366 29I 54,3816 37 B5E5 0 BAES 44, 3141 55273
20,8434 25,3384 30,4345 35,5631 38,8852 41.8252 45 8417 48 2805
21,7454 253063 a1 5284 7412 40,1133 a3 1544 46, 5630 A5 B4
228572 273363 326205 379159 41.3372 dd 4807 43.2782 508933
20 BEGE 203582 JAT108 350875 42 GRHD 48 T2z 45 AT 033355
24 47TE 23,3360 347908 40, 2560 43,7728 &6 8702 508522 536720
A3 EE02 393354 4E B850 51,8050 BE, TEAE 53,3407 EIELOT BE TEES
42 45, 3345 56,3336 B3 1671 a7 5048 T1 4202 76,1539 T 4500
522938 E9.3347 BE.5814 743870 7O.0818 832978 BEA.3Ted 91.8617

616983 E&h.3344 TrETEE BS 5271 90,5312 850231 100425 104 215

71.1445 79,3343 BE.1303 B 5TE2 101.879 108820 112325 118321

BREZ4T BS&H3342 98 4Ry 107 565 113,145 118136 124176 1282989

201332 53,3341 108141 113.488 124.342 128.581 135.807 140,168

Sowvcs Abridged Iram E. 5, Pearsen and H, O, Harmlay, o, Giomaniies Tipkas for Salabcians wil 1, 3nd ed . Talds &, Cambrics

Urinsrisily Press, Mew York, 1966, Peproduced by permmisston of the edilors and rustees of Slovnainks
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528 AFFEMDIES

TABLE E-5a DURBIN-WATSOM o STATISTIC: SIGHIFICANCE POIMTS OF o) AMD o AT 0005 LEVEL OF
SIGNIFICANCE

A o=1 W= N o= Ko=a K=5 W= Ko7 ho=g B K=
L T T . T . T T T T T T

B OAI0 18 — - _ —_ —_ - _ —_ - - - _ —_ —_ - - _ -
T O™ 1356 Q45T 1888 — — — — — — — — — — — — — — — —
8 OMEE 1.3 O5SE 17TT 08B ZET - - - - - - - - - - - -— - -
@ DE3 1320 &30 1500 0455 238 08 1EAE  — —_ - - - _ —_ —_ - - _ -
10 DET 1220 OBET 1581 D5ZS EZ06 DATE 48 D243 ZREZ  — — — — — — — — — —
11 OEET 1EM OBSE 1504 0585 1 E2H Dedd ZEEE 0316 ZEdE6 DA Z006 = - - - - - - -
12 0EM LE QB 15TR 0853 1.BEd D512 2177 0a70 2508 DME ZEZD 0T andd  — - - - _ -
13 100 1340 Opsl 1EGRE OTIS LBIG OGM F0m 0445 230 DR ZERE 0230 ZRES Q14T amE — — — —
14 1.046 1.350 QBOE 1561 OTET 1.LTTR DGR 0G0 0508 2296 DED ZETE 02BS 2843 0200 3191 Q0137 3360 = -
18 1077 1381 CulaE f1.5ER 0814 17RO OBES LOPT  0S&) IO D447 247D 03EE 27ET 0251 BOPD QTR A& 0911 3448
16 1406 1371 O8aF 1532 D867 1.T# OTH 18/EF 0615 2167 QHE 2388 03RE Zaod 03 DB O02F 3080 DIRF 300
17 1133 1.3 1B 1535 0857 1710 OTPR 100 088 Z10d QS Z30E 041 2837 DOEE ITET OO 2875 OvE 3134
id 1958 1M 10aE 1535 005 elE OE3D LETE O0Ti0 RO0S0 DE0S ZEST OE0F 2461 0807 REET G5 JATE 0044 307E
18 1480 14 1074 1536 DRGT 1.GEG DBE 1BIE OTR Z023 08 2005 b2 235G (&E6 M8 0059 27HZ D280 260
o o130 1481 1400 15T 088 16T DBsd B3R OTER 189 DEGE 2962 0EDE 233% DGO BI Qudie 3T 033 2B
BOLEH 130 1425 53R 108 B0 0007 BN 083 1088 073 2904 0EET 2000 0547 480 Q.81 D83 08B) JE0E
1.238 1828 1447 15 106 1.6 DBEE 1TET 086 R0 OTGE 2080 0ETT 224G QGEE D407 ORM 2ET1 D43 EZTM
1257 1837 1468 1.5E8%F 1072 1650 DBSE 1TaE 08B 100 DEM 2061 OTE 2303 DEIE B0 OB D54 0468 ZETD
1278 1846 1188 1585 fo8D0 LBSH 1015 1TTS 098 1008 DET 20EE 0751 2674 D6SE RENE 0584 D464 0508 2E1S
1.288 .88 1706 1EGD 1673 1GEL 1O3B 1TGT 066 1BEG QBGE ZO0RZ OTR4 ZAdd OTOE EEED 061 2419 DA 2GR
1302 1881 1724 1.58F 1Wd 1BEE 108 1TEE 08T 1873 DEIT 10aE 0FE 2917 DT3E RdB OBET 31379 06BN ZEER
1818 1880 1040 1555 fotER 1LES 1054 1TSS 1004 185 D05 1004 04D 2008 OTET REeE OB D343 0818 2470
1328 186 1.E56 156D 1 EBT LGED 140k 4747 10F 1BED 08 1858 0874 ZOTT OTSE D8R Q723 2302 N6EF 243
1841 .83 1270 1.58F 1o9B@ 1LBED 143 1743 1080 1B DETE 1B 0500 2082 QBRI Died OTEE IITE 0GR I
1852 1880 184 1EET 1214 1LBS0 1145 1730 1071 1838 D0DE 1081 0808 2054 DA5E 41 OTEF 351 0T 25EE
1353 .86 1267 15T 1285 1LGED 148D 1TAE 1080 1HEG 14B0 1820 0560 2MA OETE 2120 QB0 2ERE DTl EE3d
187 .60 1308 1574 1344 1BH0 14TT ATAE v 1810 10dd 1808 08T Z00d DB0E R0Z OEE JZ0E OTEF 23
1383 1.508 15321 1577 1253 1L.BS1 1188 1730 1T 1813 1081 1000 0S4 180 DT 2085 o881 2081 OTEE 28
1358 68 1333 1880 1271 1LGEE 1208 1T2H 1 fdd 1B0A 1480 18 OE 1 BT6 QBED 2068 OME 241G 0821 ZEST
1802 1698 1343 9584 1283 168 1.2 1.T3E 10B0 180G 1097 1834 1084 1867 DO 0S4 QDS I8 D8dE ZEE
1811 1835 1554 1567 1205 1.B54 1236 1724 1A7E 1780 LM LETT 10683 1957 O8N 2041 O0a3 2937 08& 20E
1818 A E0 136 ERD 1307 LGEE 1248 1T2F LR 4TSS 1431 LD 1071 1 EdE 011 2{@8 O8S 2112 088 Z16H
1827 1.636 1373 1.50d4 1348 1686 1281 T3 124 1782 1148 1854 1085 195F 1020 09T Q6T OGS 082 Z1aD
1835 1540 152 15T 13M 188 1278 LTI 1@ 1720 1181 1LESR 104 195 04T 00T Q000 2085 098 Zidd
1842 A6 135 1600 133 1LGER 1286 T2 123 ATEG 14ATE LER 1430 1B 08 18T 1008 20TZ 0GR 2148
1476 1.666 1430 91515 13B3 1656 1.33 1730 1287 177E 1738 1.B3E 182 1888 1138 1088 .03 I0FF 108 03k
1.508 1.585 1482 1425 14l LETE LATE LTH 183 1TM M LB 1345 1ETS 1.aN 108D 1155 18es vl Riad
LA LB 1450 n&a1 1452 LERL L4 1M LR L TER K e nZEd T BEY 1L PERN 1m0 17 0 SES 1R 2a0md
1.648 1688 1604 1EET 1483 1630 184 1TIT 14 1787 1E7F 1.B0S 1335 185} 1.2 18 1080 1889 123 1884
16687 1.EMD 1538 14D 1503 LB 14T LT3 14E O 17ET d0d 1LBIE 1370 1843 1338 1LEER 1B 18EE 1288 1084
1580 L6 1584 nETE 1488 L Tod 1 aSd 1L FE Al 1L TSR 1433 LIS nAl T RIT 1SR LT3 1EE oS0 1E 1 ean
1658 1.B8¢ 1671 1680 1843 1700 1616 1730 1487 1770 1458 1B 1425 183 1390 1887 1388 1801 133 1836
1H11 1.BEE 1588 14BE 158D 1716 153 1743 1507 1772 1480 1B 1453 1851 1438 1B 1T 1803 1880 1.
LES LET 1EDD nERE 14 LT L850 1 Far 1488 1TV 15800 LM nATA T RES Ledl LET 1423 v RS 1 18nE
1636 1678 168F 170 1EBG 1.7 1656 1Al 1542 1T7E 1.60B 1EM 1404 18T 1850 1ESd 44 1281 1430 1808
1845 1LBET 1E2E 0700 18R 1732 157D 1.TEE 1857 177 1.EA5 1BEE 1512 1827 1880 1BSR 1485 1ETT 1442 100E
165 LB TEM L FIE 1610 LTIE L8R LT 147 170 1550 e 0 E3E T RAS 1506 LR 14l v ATA AR 1R
1720 1746 1T0E 17B0 1883 1.TTE 1670 1TEE 6B 1808 1651 1BTT 1EET 183 162 1E4T 1B0E 1E6F 1504 1ETT
178 1.77E 174B 0.7ER 173 1.7 1.TIE 1LBMD 1@ 1EID0 1TOT 1LE31 1807 184 1.BEE 1BSR 1ETE 1EE3 1885 1EN

iR E R IR SRR B RH B R

P.T.O.
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WO N o= rmbed of COSEPAons, & = rassbar of eapinstory winiabios mooiuang e oomsiant em
Souroe: Thik Gabke & af cedoniinn of 1980 ang inal Duwbin- Wik on okl and & raprodused M W E Sads andl K. J Wik, “The Dubis-\Walsos el far Soniad

Complatios wiis Exfremes Small Samples or Blamy Reg eescre,” Sconcemalyion, wol 46 Mowemter £577, pp 15838-585 and ax roeecied by AW, Farsbiother,
Evornmodnes, wil 48, Boplemiber 1980, p. 1654 Raprinted oy permission of i Exonomaisg Sonoy.

Example E.1.
Ifn=40and &' = 4,d; = 1.285and dyy = 1.721. If a computed o value is less than

1.285, there is evidence of positive first-order serial correlation; if it is greater
than 1.721, there is no evidence of positive first-order serial correlation; but if
a lies between the lower and the upper limil, there is inconclusive evidence

regarding the presence or absence of positive first-onder serial correlation.
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530 AFFENDIXES

TABLE E-5¢ DURBIN-WATSON o STATISTIC: SIGMIFICAMCE POINTS OF o AND o), AT 0.01 LEVEL OF
SIGMIFICANCE

=1 A =3 K =3 k=2 i'=5 A =g B =7 A =5 B =0 K=t
nooo by & 0 oy o ok o oy LT o oy o by & o oy

B 030 1142 2 — - _ —_ —_ - _ —_ - - - _ —_ —_ - - _ -
T On&35 1mE O IEE  — _ _ -_ _ _ - - -_ _ _ _ - -_ _ -
2 04T 1003 OME 1483 029 2108 = - - - - - - - - - - - - -
@ 0558 0006 Q408 1380 02T 1HTS D1SF 2435 20— —_ - - - _ —_ —_ - - _ -
10 DR 10 QdBE 1333 N3G 1733 0230 2483 DI ZGED — — — — — — — — — —
i1 05 1.08D0 Q69 1207 0308 1640 D286 2030 093 Z&Ed Qi3 ZEEE = - - - - - - -
12 LEST 1.5 G580 1274 DG 1575 DE3D 1005 0244 2280 0184 2885 005 3053 — - - - _ -
13 0738 1.MB 06 1261 0455 1626 03¢ 1626 028 218D OZ01 Z450 0180 2R OA0M 3182 — — — —
id OTTE 1084 068D 1ZBd DAY 1880 D& 1TET 0343 RMP DEET IEe BE ZeET DiEE @1 O0TE 3ZET = -
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o OBEE 1447 0B8R 1ZT1 OTT3 1411 DBEE 1657 0BE 1737 OBIE LEBRE 0438 ZUi0 0352 e OFM 2510 0ER OETuW
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1147 1273 1086 1345 1073 1826 OB 1ERD 08T 16 DEM 16eE 07TEZ 180 OTI0 186 OB 2007 06ER ZAM
1480 1.8 1400 f155F {040 &3 QEPE 1ESD 0T 1657 DUESE 1680 0704 1TE D73 1.EE0 OEM 1885 0E1E il
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