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medium should be used throughout the paper.
3. The question paper consists of seven questions. Attempt any five questions.
4. Each question carries 15 marks.

Use of simple non-programmable calculator is allowed.
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6. Statistical tables are attached for your reference,
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Q1. State whether the following statements are true or false. Give reasons or proof for
YOUur answer,

a)

b)

c)

d)

¢)

In-a simple regression model, the F-test of goodness-of-fit is equal to the
square of t-statistic of estimated slope coelficient

I'he means of the actual Y values and the estimated Y values are always
the same. if the least squares method is used for estimating the PRI Y, =
By + By X + u;.

When we say that an estimated regression coefficient is statistically
significant, we mean that it is statistically different from one.

In a regression model, if a qualitative variable has 3 categories.

introduction of 3 dummy variables would always result in a dummy
variable trap.

OLS estimators of regression coefficients derived through the method of
least squares are random variables.

!

[3x5=15]

%mﬁ%amw%mm,mvlmmagwmwm

afSw)
a)

b)

¢)

d)

e)

Uh I FAHAYT HSA (simple regression model) &, fke $r g
(goodness-of-fit) & F-afiaror ufaesels (statistic), 3mfaa (estimated) arer
TR (slope coefficient) & t-Sfdedisr & @@t & awaw gxar &1

afE PRF Y, =B, +BX;+uy |# gead af fafr (least squares
method) & AT A IJdfad Far o0 & adfds Y A& g
HHIAT Y AT & AL gAA e a1 &

J@ g P ¢ 6 AT T quie wifkadT @k w o aE
(significant) %, @ FART area ‘E»"IT-IT % % 7 gifeahw ak | & T
3T gl |

U FAHIUT HAisd & Il UF | JUMcHS (qualitative) X v 3 Aforar
(categories) & @ 3 H&F (dummy) T H AT Fr A g e T U1Rr
(dummy variable trap) IcUesT gram|

HATHACT IRl & wgAaH @91 Y A eqegest 0LS e AefRow
(random) TR EIA &1

[3x5=15]
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Q2. (a) In the simple regression of the equation ¥, =B, + B, X;. how would the
values of the estimators B3, and B, would be affected. Give reason for your answer.
(1) I1Y, + 2 is regressed on X,
(11) 11 Y, 15 regressed on 2X;
(111) Y; is regressed on X, + 5
[5]
(b) Consider the following model which represents the yearly housing demand in
Venezuela for 40 vears along with its determinants:

House.= B + B Price, + B;Income+ BsInterest rate+ u

The results of the regression analysis are tabulated below:

Variable Coefﬁcifznt Standard error
Intercept -6.3243 125732
Income ¥ -0.0027 ©0.0015
Interest
0.1436 0.0391
rate

(a) A priori, what are the expected signs of the partial slope coefficients?

(b) Interpret the partial slope coefficients and test their individual
significance using 10 % level of significance

(c) The adjusted R*for this model is 0.832. Test the model for overall
goodness of fit at 5% level of significance

(d) What would happen to the results obtained if extra variables are added to
the model which are economically irrelevant?

(10]

(a) FHGFIOTY, =B, + B, X, & Tl AT # ArAfafaa Rufaai & seherent
B, @B, % AWl W FT YA Y3 39 IR & HROT AT

(i) Ry + 2@ X, R gERa G s g

iy TR Y, @ 2X, R gEAfRa fFar e g

(i) Y, P X, + 5 R gAHRAT Rar Jrar g




|
|

(b) AXCRT 3 40 vt ¥ e AT (housing) FT T 3 LT
A A Pefafag Atga gv fBar e

House= By + B; Price, + Bilncome+ Bslnterest rate,+ u;

FH FAAOT favelvor & qfma Srefafaa sioh 5 o o &

R | o | | IR |
4
Intercept | ey . EaTET
 Price E— 0.0024
Income -0.0027 | 0.0015
'“::::“ 0.1436 | 0.0391

|

(a) 3RS aTeT A[OTHT (partial slope coefficients) & 9gel & 38T (a priori) Reg
FATE?

(b) 3R arer ayorant ﬁmmwmmmmw
10 % AThal X (significance level) 9T TfayoT T

(0 wﬂ‘fgﬁéﬁ;mﬁﬁ (adjusted) R? 0.832 &1 wmﬁw (overall) b
T FHRATAT (goodness of fit) & 5% HTHRdT TaX T gdieTor Hifdrw|

(d) WWH@#@@WW%WW%WWWW?
@t e gfoTAt o% @ gse g3em

f [10]

Q3. a) A nine variable regression model gave the following results:
SOURCEOF | SUM OF SQUARES DEGREESOF | MEAN SUM OF
VARIATION [ FREEDOM SQUARES
| DUE TO REGRESSION | 10357 - -
| DUE TO RESIDUALS | ) g
] TOTAL ] 33668 176

I.

Complete the table above.




1l State the null and aliernative hypotheses for testing overall significance of
the estimated multiple regression equation.
i, Iest the model for overall goodness of fit at 1% level of significance,
(7]
b) Based on 12 years quarterly data on GDP growth and inflation, both
measured in percentage terms, the following model has been estimated:

Ainflation, = Bi+ B2AGDP growth + u

The results have been represented in the form of a table given below:

Variable Coefﬁcient Standard error

Intercept 0.6882 0.388

AGDP growth 0.7438 0.214

: | R?=0832

i. Interpret the slope coefficient.
ii. Testat 5% level of significance claim that there is one-to-one relationship
between rate of changes in the inflation and the GDP growth. 15]

¢) How would you interpret the following equation estimated on
quarterly data from 2010 to0 20167
log¥, = 10 + .0084t, where Y, is expenditure on services in Rs
billions and t is time.

% (3]

a) @t TR aTe U FAAAT Alsel W AeAaf@e R grea gw
SOURCE OF SUM OF SQUARES DEGREES OF MEAN SUM OF
VARIATION FREEDOM SQUARES
DUE TO REGRESSION 10357 - -
DUE TO RESIDUALS " v :
TOTAL , 33668 176

i 3w wiRel @ gt fifSe

i, I ag-HETAAOT FAIETOT A FEQ FEAT F aeor &
w (null) @ dfeus (alternative) R&eTaTT  (hypotheses)
faf@u|

i, 3w wew 1 @l e & @gfRadr &9 1% Fdear TR W
qQiaTor IS



[7]
b) GDP &Y F&ftr a3 a TRy (inflation) 23 (@ gferera #) a7 12 avf & Fmfaw
(quarterly) 3T} & TR 9F Prs=rfaf@e aiger smenfare e ara &

Ainflation, = B+ B,AGDP growth, + u,

Wﬁmﬁ@amﬁvﬁﬁmm?
t N S p -
o]
Intercept o 0.0882 0.388
AGDP growth 0.74?8 0.214
R*=0.832
i, TeT I[oTieh T earET HfFT|
i, H'Jﬁﬁ&?&GDPﬁ@R*M‘J@-?—W(one-to-onc)mF?-TK3??3133?[
5% ATHHAT TAT I IHeTo7 HfST) 15]

¢) 2010#2016$w@$aﬁﬁﬁmﬁamamﬁmmw
SYTEAT FY9T9
log¥; =10 +0.0084t , &Y ¥, Yamait & oy & (3R Tt ) q20T ¢ WHA
gl

Q4. a) The following table gives data on the quantity supplied (in million tons) and its
price (in Rs per ton) during 2003-2010. ‘

| Year [ 2003 | 2004 | 2005 | 2006 | 2007 | 2008 [ 2009 | 2010
| Quantity supplied (Y) [2 4 6 8 5 8 9 8
| Price (X) [2 5 6 7 4 6 7 3

i Obtain the regression equation for supply function Y= B, + B, X;+u; and
interpret your results

il. Estimate the quantity supplied when price is Rs 10 per ton.

iii.  Test the hypothesis that quantity supplied and price are positively related.

iv.  How would the regression coefficients change if quantity supplied is
measured in billion tons, instead?

[10]



b) What is meant by heteroscedasticity’

" What are the practical consequences of
cstimating a reg

esence of heteroscedasticity? [5]

) %mﬁf@nmﬂvﬁﬁzooa-zmoaaﬁmmmﬁﬁmﬁﬁm(m
m#)amﬁa‘?rmr(mﬁwﬁfm)q?mmm?

ression model in the pr

| o K, . \‘ 2004 [ 2005 | 2006 | 2007 }'7200787‘%9‘;}30?)'
| 3NgfA i T (Y) | 8 |5 |8
e

2 | 6. |8 s |8 |9 |8 |

LT X A 1 o A
mﬁm\'=31-r82x,+ui?§mmmwmﬁmmm
aRomEt i earear fifa

S AT 10 F. 9 <o @ v amqfet B A A e Sl

2003 |2

i IR A A G fET F AT G (positive) T B, 36 TREEET 3
gdretor Fifdro
v AR R & A @ PR ot & e w R ot # A s @
HHATHIVT Iomieh fohy g afafda & smoar
(10]
(b) THOT fAWHAT (heteroscedasticity) T AL &2 T80T Favaar 1 39T F v
mm%aﬁmﬁamﬁ%wmﬁmqﬁmm%ﬁ [5]

Q5.a) The following estimated equation was obtained by ordinary least squares
regression using quarterly data for 1991 to 2010 (both, inclusive).

-~

V.= 2240104 X, +3.48 X, +0.34 X,,
(3.4) (0.005)  (2.2) (0.15)
Figures in the parentheses are standarq errors, the explained sum of squares and
residual sum of squares were 112.5, and 19.5 respectively.
i.  Which of the slope coefficients are significantly different from zero at 5%
level of significance?
ii. Caleulate the R” and adjusted R? values for this regression equation.

iil. Test the overall significance of the estimated regression equation.
(8]
b) A researcher estimated the following regression model for an cconomy using

annual data for the period 1991 to 2015 (both. inclusive). The regression results are as
follows (standard errors are mentioned in the brackets and /n indicates natural log):

InC, = 2.6027 — 0.4024 [nP, + 0.59InY,
(se) = (1.24) (0.36) (0.34)



R*=0.92 Durbin-Watson d-statistic=0.9756
where €~ Personal consumption expenditure

Py Consumer price index

Yy~ Personal disposable income

Use Durbin-Watson d-statistic to check for the presence ol first-order autocorrelation
“oni ‘o PPy R anolicable?
at 5% level of significance. Under what conditions is this test not applicable”

17l

a) 1991 @ 2010 (A =t afinfam) ¥ bofar stwst 6 wraa @ amnm apgan A garao @ fafofa s

wftam ww fam maro:
V= 2240104 X, +348 X, +034 X,
(34)  (0.005)  (22) (0.15)
FresH A RU 0 iFE A Ffear (standard errors) &, ST aaraaT
(explained sum of squares) Hmm (residual sum of squares) &#er: 112.5, 9

19.5
I AT BT IONE 5% HEHAT F R YT A Al et 30
i, $H WAV FHET & R’ T GARNAG R? F A=A 1 o i)
iii. T FASRIT FHIFOT 6 FFqot Friemar &1 wheror A

(8]

b) T MuFe 7 uh ydeTAEw &g 1991 ¥ 2015 H Y F aiE e B
WA & fAefaf@a qamsar aea  smfag fian FAHIT 9RO e yaR
%(mgﬁﬁﬁwﬁaﬁﬁmlnmmaﬁmm%y

InC, = 2.6027 — 0.4024 InP, + 0.59InY,
(se) = (1.24) (0.36) (0.34)
R?=0.92 sfam-atewa d-9fdesisr=0.9756
STET C; = af@aara 3asieT o |
Pe= 30T e gawich i
Y, = aafadea waisr amr

sfder-ateda & d-g0eroT 1 WErEAT ¥ 5% AHAT T W 9UHT FH (first-order) F

FqHgHEFICY (autocorrelation) i 3ufeufy ¢ adeor RS v Ryl & Ig
qLeToT ] AEY e 82
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Q6.a) Consider the PRF: Y, = By + By Xy + B3 X5, + U;.
presence of multicollinearity.
follows:

In order to check for
the auxiliary regression is run and the results are as




X, = 12456 + 10.7943X,,

(se) ~ (0.86) (9.98) R} = 0.95

H Compute variance nflation factor (VIF). Do you find evidence of
multicollinearity”?
ii. Would multicollinearity necessarily result in high standard errors of the
OLS estimators in the PRF above?
iil.

Suggest, any two, remedial measures to remove multicollinearity

(7]

b) The regression results from the model. Y; = By + ByX; + w,are obtained for a
cross-section of 30 households, where Y is consumption expenditures (in Rs
thousands) and X is income (in Rs thousands). In order to check for the presence of
heteroscedasctity. the observations are ordered by the magnitude of X. The regression
is run separately for first 11 (Group 1) and last 11 observations (Group 2). The
regression results for these two subgroups are reported as follows: (standard errors are
reported in the parentheses)
Group 1: ¥,= 10533 + 0.876 X,
(se) = (0.616) (0.038) R2=0.9851
RSS, = 3.154x10°

Group2: Y= 3279 + 0.835X;

(se)= (3.443)  (0.096) R?=0.9585
RSS, = 0.475x10°
1) Perform Goldfeld-Quandt test at 5% level of significance. State

the null and alternate hypotheses clearly. Do you find evidence
of heteroscedasticity?

i) List the underlying assumptions related to the disturbance term
made in the above test.

‘\ 8]
\ :

a) PRF Y, = By + ByXy; + B3X3 +uy | faur i ag'a’@w (multicollinearity)
i 3ufRufy & TherT A & Jerd (auxiliary) FATHTOT AT IAT AU e IROmTH
foret 9 & ‘

£, = 12.456 + 10.7943X3;

(s¢) = (0.86) (9.98) R% = 0.95

i T EREERE (variance inflation factor, VIF) & 1o &ifare)
FT 3T HW?N(lmlllicollincarily)Fﬁrmﬂfﬁﬂ?ﬂ%'?

ii. FT IWREd Pl{l-‘ﬁagm A RO 3maeasa: OLS 3Therl

# 3 A et 7 g
i, aga@dr A T B g PE A ITARCAR 39 (remedial
measures) ST
!
LS ;W
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b) FEW. ¥ = By + B,X, + u; & 30 TRt & vk 3regoear @@ (cross-section) &
AT AR T R aTe §, SR ) is 3w e & (gar s ) a X T §
(G &t )| ST AYHAT (heteroscedasticity) 1 sufeerfar & S FT 8
Q8o (observations) & X & gfyHmor (magnitude) & AR exafeya far
FuF aE YA 11 (g 1) 7 Hwfeaw 11 (FHE 2) Q&1 & gl & HeTaT-37erT
FAPHAOT T 0| 5 A Wt & eI oo B g 3 (@ed & A
Rt & & §)

w1 Vi= 10533 + 0.876X,

(se) = (0.616)  (0.038) R*=0.9851
RSS, = 3.154x10° ‘

w2 V= 3279 + 08354, i
(se) = (3.443) (0.096) R*=0.9585
RSS; = 0.475x10°

) 5% WA F W Mestes-aae 5 aheroT (Goldfeld-
Quandt test) RIAT| 3 @ dehfones aRFeT=TT Tqvea.
@ T HTIRT JHOT-FAYHAT &7 GATOT FRerar &7

i) 3Wed qdeor A 9 F aN F F 7 AwwEnt (assumptions) & Feraeer
Eic| (8]

Q7. (a) In the simple regression without a constant. Yi =B X+ u; . with u;being

w;~ iid(0,0?), derive the ordinary least squares estimate of By and also find its
variance.

[5]

(b Consider the following model:
Yi =By + B X;+ B3 D3; + B, Dy + 1
where Y = annual earnings of MBA graduate, X =years of service.
Ds; =1, if MBA from Harvard
=0, otherwise
Dy =1.if MBA from IP university
= 0. otherwise
i.  How would you interpret B; and B, coefficients?
ii. If B3 > B,, what conclusion would you draw?
iii. Suppose the above model is modified as:
Yi =By + By X + B3 Dy; + By Dy; + Bg Dy X; + By, Dy Xi+

4

What is the difference between this and the earlier model?
iv. Interpret the coefficients B and B .
v. How would you test the hypothesis that Bs =By = 0.

o

PR

[10]

PRSI




(a) &= 3@z (intercept) & w@ wHA@T, ¥, =B, Xi+ ;. &y~ iid(0, 02), &d
B, *mwaﬁmaﬁmﬂmmmmmmml

(5]
(b) F=RfRe Aser w R Hifvw:
Yi=By + By Xi + By Dy; + By Dy +
SRY = MBAmahaﬁa?m X =¥ar & ay.
Dy =1.afE MBA grds ¥ &
= 0. 3=aur

Dy; =1, 7fe MBA IP feafaezrer & &,
=0, 3=
i. 39 B;gB, mﬁmmmw
ii. If&¢B; > B,, mmwﬁaﬁéﬁmﬁﬂ‘?
111.mm%mmaﬂﬁmmmﬁﬁammgi
Yi =By + By X + B3 D3 + By Dy; + Bs Dy;X; + Bg Dy Xi+ 1

39 #Aisd  q&adl Alsd & FET FAT e
iv. UM By T By Sl SITEAT HIfAT|
V. IR&STEAT By = B, = 0 T G&T07 319 vy g e

(10]
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(c) Answer any five questions out of Seven.
| § @ feedl die uedl & Ik AT
(d) All questions carry equal marks.

it uet B oAk T B

(e) Use of simple non-programmable calculator
is allowed. Statistical tables are attached

for vour reference.

e AT Fepere] B YA @ ST &
st B o dad & i wifemh e

qe-q5 & o A & T B

State whether the following statements are True

or False. Give reasons for your answer.
5x3=15
qaTET f FrRTEd Hed 8 § 91 ITEe | 9T
I &g HRT W AR
(a) In a regression model InY, =B, +B,X, +u,,if
B, is multiplied by 100 we obtain the growth
Hmwﬁn estimate of Yi.
T2 (regression) A In 'Y, =B, +B,X; +u;,
%, afz B, @ 100 & 7o AT oM B W EA Y, Bl
gtz ¥ % T (estimate) ST ErT & |

2

9134

(b) In regression through origin models the
conventionally computed r? may not be
meaningful.
uer faeg (origin) & @ETHACT A Higwl H
TR &9 d O 2 Freeie B a@ehar @ |

(c) In simple regression model Y, =, +B,X, +u,,

the OLS estimators m_ and wu each follow

normal distribution only if u, follows normal
distribution.

axd TarHger dtesd Y, =P, +B,X, +u,, H OLS
TRl (estimators) B, T B, F H T&SH N Fe
(distribution) SATHTT (normal) T erar & af
u, 1 e TAHETE 8 |

(d) P-value of a test statistic is equal to the level
of significance.
fepett St afdeei™ (test statistic) @1 P-H1= @refesdr

& (level of significance) & SXET &IaT & |

3 P.T.0.
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N

ST

i

incn

o

bivariate regression is zero, the measure of
coefficient of determination is also zero.

o w f&-9X THEEeT § @ IO (slope
coefficient) T SATHE 0 &1, a1 FEier et
(coefficient of determination) T T 9 =

BT

ﬁ (e) If the estimate of slope coefficient in g

You have the following information :

T et g & ¥

yX =1680, Y =1110, ¥ XY = 204200,
Y X2=315400, Y Y?= 133300, n=10. Assume

all assumptions of CLRM are fulfilled. Obtain

o st B CLRM &1 @t Aaare. agee erdl
¥ | Frfafaa &t 5 Hieg -

(i) w_ and mu

BT B,

(b)

9134

(ii) Establish 95% interval for the population
slope coefficient f3,

Fmfte (population) @1 T B, &Y 95%
fargameraar 370 (confidence interval)
(iii) R? 7
Average score of students in a certain exam
are known to be normally distributed with
mean value 75 and standard deviation 9.
Some coaching classes claim that it is
possible to increase the average score of
students with an additional use of their
study material. It is believed that score with
additional study material would remain
normally distributed with =9 . Let K
denote the true average score of students
when additional material is used. 5
Te 5T & 5 Bt adien § Rt & ofraq i
(score) T ST TATAA & 1A A1 (mean)
75 @ A fa=e (standard deviation) 9 ¥ 1|
HB BT Feat T F1T & 6 I e A-TH B
ST A 3 3iraa ST B FETET S TEAT © | T8
AT ST & 5 i areg-ar Tl & g S

" o1 Se JArE &1 W e " e g =9

BT | °H i B op otfafes area arwEl &
IuarT 3 ary faenfar & arafas $i (true score)
g

S P.T.O|




9134 9134
v (i) What are the appropriate null and (iii) Using the testing procedure in (i) what
alternative hypothesis ? is the probability of type II error when in
Iqgeh g (null) @ Jafeqad (alternate) fact p = 80.
v a?ﬂﬂﬂmﬁrwﬁogammmvgw ? gmﬁﬁw &dnwﬂﬂmﬂﬁﬂﬁﬂ@mﬂmmmm
(i) Let X denote the sample average score 11 S/RTT & Jfe i e T el gf arsa
for 25 randomly selected students. n # u=80.
Consider the test procedure with test (c) Inaregression model, Y, uu_+m~x,+:_.mro€
statistic X and rejection region X 277.9. that the mean of actual Y; is equal to the
What is the probability distribution of the :
mean of estimated Y, . 3
statistic when H, is true ? What is the o
probability of Type I error ? FereeT Wied Y, =P, +B.X, +u, , F T
= : aredfas Y, &1 A1 mean) SAHT Y, & AT &
a7 fifsre i X argfese diX 9 (randomly) Gy A )
e 25 Frenfef & wae 3g SR sird ik _
37F (sample average score) & | 5T wfdasisr m 3. (a) Consider the following simple regression
|
X g IEiBfa-aF  (rejection region) ~ model
X>77.9 arct sirer sfEear 9T faerT it price = B, + B, assess +u
gfe H, e & a1 gfaesfer & aigepar g o ; ;
| where price is the housing price assess and
(probability distribution) &1 8T ? I FehIT : . A
is the assessment of housing prices. The
1 Jf (error) @1 HIT4ehdT (probability) =T : S
estimated equation is :

Brir ?

L g



o ——

Prefafga ¥ GETSE Hisa 9 &= Sifsm

price = B, + B, assess +u

ﬁ%uaomoﬁnﬂ%&ﬂwmﬁmmmammaﬁ@
% FEaF @ ATHAT S | SR AHIHLOT ey

THR B :

price= —14.47 + 0.976 assess
\.\\

<(16.27) (0.049)

- el
n = 88, SSR = 165644.51, r’=0.820
RS

(1)

RS

How will you test the constraints f3,=1
and B, =0 in the above regression if you
are given the SSR in the restricted
model as 209448.99 ? Conduct the
necessary test(s) at 1% level of

significance and give your conclusion. 3

IYTRE GETHACT F o719 Afda=4r (restrictions)
B,=1d B, =0 3 GL1aTeT fF@ T BT AfX
egept foar genm & fp gfaaf~ad @aTeger
(restricted regression) # SSR &I ATF
209448.99 B ? IG9T TLIETOT (TIET0T) i
1% @TEHaT &Y 9T I T 39T frepy

ZIfoTT |
8

9134

(ii) Suppose now that the estimated model

167
379 {19 @it 3 el diee o T
price = B,+ P assess + fB,lotsize +
B,sqrft + B, bdrms + u

where

o

el

lotsize = the size of the lot

= T2 B ATHT

sqrft = the square footage

= &A% Jge §

bdrms = the number of bedrooms

= 9TEHAT H TET

The R? from estimating this model using
the Same 88 houses is 0.829. Test at 1%
level of significance that all partial slope
coefficients are equal to zero. 2
321 88 I WerTar & = Hisal #g R’0.829
& 1 1% TRl T 9T 23 &1 i THRT0T T
wm%ﬁﬂ.@.&?&m&vmﬂﬁﬁ%%nﬂ
YA B aET T |

) P.T.0:




k4

K
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(b) Let X ~N ?.QNV , Consider two independent

random samples of observations on X. The
samples are of size n; and n; with means
w_ and x‘wnomnmoaf\w@. Two estimators of
the population mean are proposed : 4
T AP X ~ N (1,67), X 9% Jerlt & & @y
argfesh (random) Sfdgel (samples) X feamx
FifSr | 39 wfaeell P ST HAY: n, T n, T
mem X, 9 X, | gAfe ded & A Sk
(estimators) F&fed fpw o & -

n X, +n,X,
n,+n,

X,

i fi=
N ,
Check whether these estimators are

unbiased and calculate their variance.

Z9 Sfeheishl @l STHEadl (unbiasedness) 8g
Siter T qoT 399 SEEl (variances) F ST

FIfoTT |
10

TN ET

(c)
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For each of the following pairs of dependent
(Y) and independent variables (X), pick the
most appropriate functional form. Explain the

reason for your answer : 6

Fr=fafaa 5 & MY (dependent) (Y) @ @a=
:a%%u%:,c (X) =7 & wedes g7 B, ddites
IUgh BaHd 9 (functional form) @1 =g+
FHITTT | SATH INTT B HILOT TTHAIZT |
(i) Y=demand for food X=price of food

Y = |5 B AT X = Ao H Ba
(ii) Y = AFC of production X = output

Y = SW@ET & AFC X = I
(iii) Y = Population in India X = time

Y = G § 8@ X = 99
In a regression of average wages (W) on the
number of employees (N) for a random
sample of wo firms, the following results

were obtained : 6

11 |30 el &
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30 wt B T Agres Haed ¥ ST Ty
(W) & FHeIdr @ e (N) T FHSET g

Fereferfiaa afeems o< gQ :
Regression 1: w = 7.:5:+::0.009 N
a9l 1 7 o e

9 = (16.10) R?=0.90

[

= 0.008 + ﬂ.mF

Regression 2 N

z1=)

FEIHIT 2 ¢ .
t = (14.43) (76.58) R =0.99

(i) How would you interpret the two
regressions ?

T T AT AEIEECN & ATl [HE T
FT ?
(ii) What might be the reason for

transforming Regression 1 into
Regression 2 ? What assumption has
been made about the error variance in
going from Regression 1 to Regression 2 ?

TAHTZECT 1 Fl GETHEO 2 § @Aid B B
@ T FHEOT B GkdT & ? AHIEEr 1 9
FEHFET 2 9T A F e 92 (error term) F
SETOT % a1E H 41 ATy ol T8 © ?
19

9134

(iii)Can you relate the slopes and intercepts
of the two models ? .
FIT AT 9 a1 Hisal & ol (slopes) @
ST (intercepts) 3 FeH TR =T Aehd
g2

(iv) Can you compare the. R? of the two
models ? Give reasons.
T A9 3 1 Hisel B R2 T g BT b
g ? o difea )

(b) The thickness of the graph paper (measured

in GSM) used during examinations should
be such that it does not tear off easily while
plotting a graph. Let p denote the true
average thickness of the new type of graph
paper under consideration. The true average
thickness of the graph paper should be
greater than or equal to 20 GSM for it to be
acceptable for all practical uses. A random
sample of size n is drawn from a population
with normal distribution. What conclusion

is appropriate in each case ? 3

13 P10
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(c)

el 3 SR IIArT R ST AT AT T 3
Sreré (GSM ) ga=ft BTt =fen & 8 36 sy
o A & %2 E | A @iford 5 p we g
s % RETEE OTh 99T @ ArEa® (true)
o O B 1 7@ Yaed @it ST STErT gy
e A7 37 SE aredterh S J1eTE 20 GSM
3 a1y a1 IET B SIS | SIATH S (normal
distribution) @l T THARE ¥ STHR n B TH
g et ferar i & | Fr=iferted & & s
Retfer & arr e IO @ ?
(i n=151t=3.2, a=.05
(i) n=9,t=18,a=.01
(i) n=24,t=-0.2 g

Suppose that earnings of individuals are
dependent on whether they are skilled

workers and their work experience over the
years. 6

A1 Sifera fs et # Fergdl 39 a1 W R

F7d & 5 @1 T HIr (skilled) &, q&T IR

Fratgw (work experience) fdT & |

(i) Define dummy variables to capture
whether workers are skilled or not. Take

workers being unskilled as the reference
category.

14

(ii)

(iii)

9134

Ziftrep I & A1 78, 39 8g T =L (dummy
variable) aft=fid s | 75 (unskilled)
sferpt @ @3 2Rt (reference category)
T e |

Develop a model which is linear in
parameters that shows earnings of an
individual as a function of work
experience and whether they are skilled.
Interpret your model.

gTerei (parameters) 5 3@ (linear) T
ey witer e sBifoTe it fo6 =fen b AoTgdl
1 FHrATgHa 9 941 98 HA & A1 e, T4 A
3 Hed B AT 9X gtar ¥ | A9 HtSd H
AREAT HITAT |

Now assume that there is an interaction
between skill of the workers and their
work experience. How would the model
in (ii) change. Interpret the new model.

ara 9T ST Bp 39 Atew § wfent & Hiad
g 3T HEAMHE H TH T T A<H
T 91T (interaction) T% ¥ B | IUH 91T
(i) W oY Hisw hd WK qfkafdd
SO ? AU HiSe Wi SATEAT BT |

15 BT,
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5. (a) The results of a logarithmic regression of

demand for food on price and personal
disposable income is given as : 5

W F AT @ #rd @ @nT JAeE ey
(personal disposable income) 9T T ALTOTHI
(logarithmic) TET=ET 3 TROMH 7T ST g

logQ,=2.34-0.3110ogP, + 0.45logY +0.65
log Q,,

Se = (0.05) (0.20) (0.14) —
n=50 R2=0.90 d=1.8

where Q = food consumption per capita

SR Q = T feh Ao B ITHM

P = food price
P = S5 &l HiFa
Y = real per capita disposable income
Y = areafas wfa @it gaeg o
(i) Just by looking at the estimated

regression, do you suspect serial
correlation in it ?

7 39 TS B 3@ HE A SA9hH 397 -

TEE= (serial correlation) & T3@ arar
g2

16

(b)

9134

(ii) Which test do you use to confirm your
suspicion and why ?

I HB P gfe Ty Y AT H-T T
& ITAT HET F I ?

(iii) Outline the steps of the above
mentioned test and provide a conclusion
on the basis of your calculations.
I LT 3 TFROT P TALET SAforg qe
ST TOTRA % AT 9¥ Ry i |

Suppose you are given the following

regression : S
A @IfeTe 6 e Frefafaa aarsEer &
TR ;

Y = Byt BX,+B.X] +,

Do you think the model suffers from

multicollinearity ? If yes then what are the

possible remedies of the problem ?

FT ATH! Tar & % FE Aisa agdiEar

(multicollinearity) & I& & ? af% & a1 30 9#&T
% T¥g IR (remedies) FT & ?

17 B T.0:
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(c) State and prove the minimum variance

6. (a

~—

property of the ‘wﬁonm coefficient in a two

variable regression model. 5

oo Fer @A Atsd § o YONE F A
STl eTEH (minimum variance property)ai
ferfan 7 faes e |

Consider the following models : 5
Fereferfaa ieal o = i

Model I : InY" = o, +a,InX; +u,

Al :

Model IT : InY, =B, +B,InX, + u,

Arser 11 :

where Y'=wY, and X/=w.,X;, the w’s
being constants.

SEf Y =wy T X =w,X,, &F w A
(constants) g

18
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(i) Establish the relationships between the
two sets of regression coefficients and
their standard errors.

FHEIET N q gt A Jfedt & 37 &
Bl & He TR ©ad HifeT |
(ii) Is the R* different between the two models ?

=T & &1 Hiet & R2fre &1 2

(b) Suppose the CLRM applies to Y, =B,X, +¢, .

A ST Y, =B,X, +¢, 9 CLRM @FIBRIE |

(i) Find the slope coefficient in the
regression of Y on X

Y & X 9T THISES F @Ie o7k ST T |

(ii) Suppose now we have a regression of X

onY, X =7v,Y,+v, . Is slope coefficient of

regression on X on Y an inverse of slope

of regression of Y on X. 4

AT AT T 6 BHIE 916 X 26T Y 9% THIHET,

X, =1,Y, +v,B 11X B Y 9 qHr2Ev1 § o

PN Y & X UX & T[T & ek (inverse)

BT S ?
19 P.T.0.
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(c) Using data on compensation per employee Afd T SRSt F femdr (heterogeneous)
in thousands of dollars (COMP) and average SR &, ST R (heteroskedasticity)
productivity in thousands of dollars (PROD) % feremmT &1 31 Tesqrge oft | o a7 aderT (Park’s
for a cross section of 50 firms for the year test) FaT TaT TAT Wergw (auxiliary) THIHACT
1958, the following regression results were | Freferiad afvom s g
obtained (t ratios in parentheses) : 6 ine} =35.817 -2.8099PROD
50 w1 & U TR (cross section) BY t= (0.934) (-0.667) R? =0.0595

1958 # wfy =aftr HHard Ia= (B9 el H)
(COMP) T 2frad Seraehar (897X Sferdl 5) (PROD)
% aiteret 3 TeraT & frefarad THrHEeT 9oy

(i) Use the result of auxiliary regression to
check if the model indeed suffers from

heteroscedasticity. Perform the test at
n, T (PTezept & t ST &) : 5% level of significance.
( q,s/r = 1992.35 + 0.233PROD,

TETEeH THIZECT F GILomst 35 qerd § Ard
t'=(2.1275) (2.333) R2=0.5891

T 5 71 7w Htee area & SEToT- R
T TR 2 | 5% Treferdr T 9T TLET0T HifoTd |

Since the cross-sectional data included
heterogeneous units, heteroscedasticity was
likely to be present. The Park test was W (i) What could be the possible remedies of
performed and the following results of heteroscedasticity ? 6

auxiliary regression were obtained :

ST g 9/ g I B T & ?
2, | 91 PTO.
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7. (a) The following model was estimated for

United States from 1958 to 1977 : 5
fep=farad Stee @1 1958 & 1977 ¥ T o4
SR &g S far T o

1
¥,= 10.078 - 10.337 D, - :.%AM?

1
38.173D, h.xlu

se = (1.4204) (1.6859) (8.3373) (9.399)
R?=0.8787

where Y = year-to-year voaoorﬁmn change
in the index of hourly earnings

&Y = i gver gl & a5 99-a3-aq

fereTd afeEm

X = percent unemployment rate

X = Afaed I &l &

D =1 for 1958-1969

= 0 if otherwise

D=1, 1958-1969 &g
=0 FAr

22
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() Show the Phillips curve for two periods

separately.

T FafEt 3 Rt @ @ AaT-FT
Z9iE |

(ii) Are differential intercept and slope

coefficients statistically significant ?
What does this suggest ?
F1 [a9e% (differential) s=a-@°s 7 T
TN Fiem®g §IX 97 arfs & 2 98 &
gaTaT & ?

(iii)Interpret the regression.

39 FHIEAT 3 AR HifAT |

(b) Two models for Engel expenditure function

are estimated. S
UGS &4 %o (Engel expenditure function)
3 3 Aitew aERE e TR
Model I: Y, =1087.930+0.077X,
IS
(25.58) (21.64) R?=0.350 F=468.645
23 P.T.O,
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—

Model II : Y, uga.ojy_o.&m@\x_
gisa 11 : AA

t=(19.259) (-20.816) R?=0.333 F=433.310

\

where Y, = expenditure on food in rupees

S Y, = W O¥ o, s9a |

= total expenditure in rupees

= T 49, 94T J

(i) Interpret all coefficient value of the two
models.
&= 1 Areet & @it e B AT ¥ e
T |

(ii) Are the sign of the coefficients in the
two models contradictory ?
T 39 a1 HiSAl § YOnehl ® e e
fa1eft (contradictory) & ?

24

——

(c)

9134

(iii) Can we compare the results of the two

models ?

T BH T a1 Hiswt  qfremst & ger
qFHd & ? 4

(iv) Diagrammatically show the sample
regression function in the above model.

SO ATSd F wfygsl GHTSECT Hord @i
Taifes & germ 3 gutzw )

Consider the following fitted regression
model. Standard error is given in parenthesis :
S

Fr=fefaa HATHTeTT IO Hisd 97 fa=gre

%@A.uﬂﬁ@gﬂ&%m.&%w :

Y, =-9.6 +2.1X, +0.45X, R2=0.92

se = (8.3) (1.98) (1.77)

(i) Do you see any problem with this
regression ?

T SMIBN §H THAIHATT T HIS THET 79T

AT & ?
25 PTO:
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Table A3 Standard Normal Curve Areas fcont.) M) =pzsy
1 0 N n 0 M 03 06 07 08 »
00 _ 5000 5040 3080 310 5160 519 5239 59 5319 5359
or | 5 5438 M 55N 5551 5596 3636 5675 ST4 5i83
02 | ST S8R S 910 S48 98T 606 6064 6100 6l
03 _ 61N 81 5255 £21 633 6368 6406 644) 6480 6517
04 | 654 6591 6028 | 66 6700 6736 Ly 6508 6844 6879
05 | 6915 6950 £985 009 054 7088 nn s 9% w4
06 ; 7287 ™I RE] 387 7389 M2 1454 7486 2517 1549
07 _ 58 7611 J642 6 T4 4 T4 94 83 1852
08 7881 910 793 7961 7995 k) S051 8078 8106 8133
09 ‘ 8159 8186 1 A28 8264 8289 8315 840 8365 8389
10 | B3 8438 8461 8485 8508 8531 8554 5sn 859 8621
11 7 8643 8665 8686 8108 39 8749 810 8190 8810 8830
12 B89 8869 8888 80T 895 - 89M 8962 890 B9 90l
13 _ 9032 9049 9066 - 9082 9099 9IS 9131 9147 9162 9In
14 _ 9192 527 n2 93 9251 9265 Rt 9292 9306 9319
15 933 9Ms 93T 930 9382 9K M0 I8 949 oMl
16 _ W) 0463 M7 044 9495 905 9IS 9525 9535 945
17 9554 9564 9573 9582 9591 9599 9608 9616 9625 933
15 _ 941 9649 965 9664 9671 9678 9% 969 9699 9706
9 a3 9my 96 I 9B M 910 96 9% 9167
0 o172 o8 973 9”8 9m3  9mE 9%3 98 812 081
11 0821 U826 9830 0834 ORI 9842 9846 0850 9884 0857
22 9s60 9864 RS 981 9815 9878 98BI 9884 9887 90
27 0%03  089% 9898 0%1 01 96 .90 L W Wb
24 M8 9920 992 M8 % WY 93 9% M 9%
2 938 4 4 B 9MS M6 %48 99 wsI
2% 51 9955 $956 ST 9 M0 B R 9% %4
11 W 96 067 968 9969 0 MM W W 9
y2] W4 WS W6 %N %M %Ir 9 w0 99
29 | o W BR 98 %6 594 9985 98s 9986 9986
30 9987 9987 9987 9988 9988 %89 9% 9989 9% 99%
3l 9% 99 991 %1 992 %992 99 9992 99 9993
32 993 993 9% 994 994 9% 994 995 9995 9%95
33 995 995 9995 9% 99% 9% 9% 9% 999%6 991
34 r.Sﬁ 997 997 %97 9997 99 991 9997 99 998
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Jable A5 Critical Values for t Distributions

0 5
05 1 0005
| 1078 6314 12706
- 1.8% 292 o u%u_ 63657 3831 63462
3 1.638 2353 R su 9925 3% 3159
A 153 21 27 e ot o 12924
i s 4604 un 8510
5 n 3365 5
¢ 1440 194 L . 4032 5891 6569
1415 1895 143 kY 5208 5959
N o o wch 2m 349 4785 5408
135 (33 : 2% 3355 4501 S04
9 1262 ) 325 4297 a2
10 o = un 2764 10} 414 45§
1l “ wm " N 201 2718 3166 ams 4437
” o 3 un 2681 3058 3930 138
1 : s ik 20 o1 1852 )
1] 1345 1761 2145 26 2971 1787 4140
13 1341 1753 131 260 2007 i 107
16 1357 1746 2 58 7 1686 4015
17 133 _.Ns 210 256 2898 J640 1965
15 13% 173 0 255 257 610 1922
1 K WY 0 EAE] ] 5P 3583
2 1328 L 208 L] M5 1552 14850
bl L W] 2080 2518 281 sz 3By
z 1321 1 200 258 2819 1508 3™
3 1319 L4 1009 2500 1807 2485 3767
b 1318 M1 2064 249 19 1467 3745
2 1316 1708 2060 2485 2787 3450 375
% 1315 1.706 205 241 m 3435 3707
b1} 1314 1703 2082 uUn am 3421 3690
28 1313 L1 2048 1467 2763 3408 3674
9 1311 169 2045 2462 2756 33% 3659
0 1310 1697 2002 2457 2750 3385 3646
k2] 1309 1694 207 2449 78 3365 362
kY 1307 1691 2032 241 18 3348 3601
% 1306 1.688 2028 2434 2719 333 3582
8 1304 163 204 2429 212 3319 3566
) 1303 1684 201 40 24 3307 3551
50 1299 1676 2000 2403 2678 1262 3.49%
) 129 1671 200 23% 2660 m 3460
120 1289 1658 1580 2358 2617 1160 31
® 1282 1645 1960 23% 2576 309 3291
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e A9 Critical Values for F Distributions (cont.)
| ) I.~ », = numerator df
x 1% 2 3 4 ] 6 7 L] H
SRR % 2 283 2 28 29 2 M9 19 L&Y
e 050 | 4n 339 2% 2% 260 24 240 24 228
o0 | 1M 557 468 48 385 363 346 n n
001 _ 1288 922 745 649 58 545 518 491 ATl
J00 | 291 252 23 7 208 201 1.9 n 188
% 050 423 137 208 24 259 247 239 232 227
o0 m 553 464 an i 159 342 129 318
001 1374 912 136 64) 580 $38 507 a8 464
100 2% 251 230 217 207 200 193 191 187
= 050 421 338 2% 273 257 246 237 231 225
3 010 768 549 460 4l 3 356 339 326 315
001 1361 902 mm 63 sn s31 500 476 457
100 289 250 2 216 206 200 194 190 1.87
» 030 420 3 295 2 256 245 236 229 24
010 764 545 157 4907 375 353 336 Ebi] 12
001 1350 893 719 625 5.66 s 49 469 450
100 89 150 228 215 206 19 193 1.89 1.86
» 030 418 33 293 ba; ] 255 24) 238 228 222
niv 100 sa 451 am m 150 n 120 anm
001 1y 285 712 619 559 518 487 164 445
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o | % RT 705 6R SS3 0 S12 482 4S8 439
160 24 244 23 29 200 193 17 183 LD
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001 1222 196 634 546 4% 451 (%] 400 382
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001 11.50 741 586 502 448 4an 183 361 34
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TABLE D.1
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AREAS UNDER THE STANDARDIZED NORMAL DISTRISUTION
Example

Pr(0< 2<1.96) = 04750
Pr(22196)=05- 04750 = 0025

Z 0 o 2 0 o 05 % 07 @ .

Qo 0000 0040 0080 (0120 0160 0199 0239 027F (19 03%
01 0398 0438 0478 0517 0557 059 0535 08k (114 07
0792 0332 0871 0910 09¢8 0987 1026 106 1103 114
_ 079 4217 1255 4203 1301 1368 1406 1440 M8D 15y
04 ~ 1554 1591 1628 166 1200 1736 1772 1863 13ad 1gh
_ 1915 1930 1983 2019 2054 2088 2123 2187 2190 2

2257 2231 2324 257 239 2322 2454 28 B17 259
07 2580 2611 2642 2673 2704 2734 2784 278t 1823 .22
08 2881 2310 2939 2067 2995 3023 305! .30 3106 13
08 3159 3188 3212 3238 3264 3289 3315 .33 335 .3
1.0 13 KB 381 3465 3508 3531 355¢ 3T 1589 32

11 3643 3665 3386 3708 3720 3749 3770 .3 3810 %W
12 3043 3669 3888 3907 3925 .3944 3562 .33 3997 4015
13 4032 4049 408G 4082 4099 4115 4131 4 4182 a7
14 MR A7 4222 4236 4251 4265 4273 422 4305 4319
15 4332 43¢5 4357 4370 4382 4304 4405 &8 4425 4uy

16 4452 4463 4474 4484 4495 4505 4515 45 ¢535  4us
17 445¢ 456% 4573 4582 4591 4599 4608 456 4625 433
18 4641 4548 4636 4B64 4671 4678 458 43 459 436
19 ATI3 ATI9 4726 4732 4738 474¢ 4780 4% 4761 4T
20 ¢772 4718 4783 4788 4793 4798 480: 43 481 17

2.1 4621 4826 <830 4B34 4833 4842 484 450 e85t 87
22 ABG! 4834 4868 4871 4875 4878 4851 4 483 430
23 4893 4896 4898 4901 4904 4905 .49 U311 2915 416
24 4918 4320 4922 4225 497 4329 49 42 493 4338
25 4938 4940 4041 4943 445 4936 4943 443 495! 4952

26 4953 4955 4956 4957 4959 460 .49 52 40K 4964
27 4965 4966 4967 4968 4969 4970 4971 272 493 a7
28 4974 4975 4976 4977 4917 4978 4975 379 433 4381
29 £231 4982 4982 4983 4984 4S84 4955 (385 .49 4986
30 4987 4987 4987 4988 4938 4969 .43 4369 480 4990

Nole: Ths lable gves e area in e nghi-hand ad of Do Gistedrbor (1 e.2> 0).£.1 sice therormdd
Cisiadution is symmetncal adcut Z = 0,26 313 in the leRhang 1ai s 152 sams 1 e vvea ¢ ha cenpndng
ighihand tai For exple, P{-158 < 2 0) » 04750 Theralre, -1 95 < 2 < 136) «2(0.4750) = 395.
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APPENDIX ugﬁﬁ.gﬁ.a_

PERCENTAGE POINTS OF THE _Qﬂegaz
Example

pe(1>2 0%) = 0025
Prit>1.72) =005
prit > 1725) =010

fﬂna

0.002

1 1000 | 3078
2 (085 | 155 | gey | T | 3 ) e | guy
3 075 | 168 | 2355 | Y30 | 6% | 9ms | Tpup
¢ 0.741 1 g 454 5.841 10214
o 212 2718 3747 ~.§ ) 173
s 0178 | 147 | 2018 i :
3 e P Ko 250 3385 4032 5433
291t 2447 3143 377 5208
: 2 | 1y A o | ome | S| T
M M.ua WM ““.M N MM 285 | 3336 4501
282 3250 4297
10 | 0.700 1312 1812
i * 0.657 1369 d 2228 2764 3.163 4138
2 0.8%5 1258 ..=~ 2201 2ns 3105 4025
e e e | 2179 2681 3055 3930
- 2180 2650 3012 3852
1 it e LY F 5 B 3787
h .
i oo iy | e | | w0 | am
e 1.748 2120 2583 2921 3685
17 0689 133 1.740 2110 2567 2898 2645
16 083 | 130 | 1734 | a4 2552 | 2018 3610
i 0683 | 1328 | 1723 | 2093 2539 2851 3573
a 887 1325 1725 2086 2528 2845 3.552
2 0885 | 1323 | 1721 | 208 2518 280 3527
2 0836 | 1321 [ 1717 | 2074 2508 2819 3505
w..w Qs3s5 1319 171¢ 2059 250 2807 3485
% 0685 | 1318 | 1 2064 | 2492 2797 3.467
5 0684 | 1316 | 1708 2080 2485 2781 2450
s 06834 | 1315 | 1708 2056 2479 2779 3435
7 0684 | 1314 | 1703 2052 2473 2m 3421
3 0883 | 1313 | 1701 2048 2.467 2763 3.408
] 0683 1311 1699 2045 2482 275% 3356
»n 0683 | 1310 | 16937 2042 2457 2750 3385
0 0681 1303 1684 2021 2423 2704 3.307
%0 0679 1296 1.671 2000 2390 2680 3232
120 0677 1289 1658 1.980 2358 2617 3.160
< 0674 1282 | 1645 1.960 232% 2576 309

Aot The smaller probabiity shown at e head f each cofunn is the acea i coe Lk the largar pecdabily
s e area in both tads

Sowrce: From E. 8. Poarson and H. 0. Hartiey, eds., Bicmatnka Tadios kv Statisheians, vol. 1,34 od. able 12,
Cambssge Universiy Press. New Yok, 1966 Reproduced by permission of e eczors and busiees of Blametnta.
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183 APPENDIXD STAMSTICAL TABLES @ 134
TABLED4 UPPER PERCENTAGE POINTS OF THE x? DISTRIBUTION
Simes Bhres
Pr(x? > 1085) =095 95% area \
Priy?>2383) =025 fxel=20
Pr(x? > 3141) =005 }
3% wea
/
i
0 1085 2383 4l
Onvas Pr
of keedom 3% %0 85 $50 500
1 262706 x 30°'0 157088 x 107 982059 x 107 R4 x W' DI57B
2 0100251 0201007 0506356 esm 21004
3 o 114832 215795 1846 58435
4 206990 27110 424419 N07T21 1063823
5 211740 554300 B2 1145476 151001
[] st 872085 1237347 163538 220413
7 583265 1239043 168087 216735 28331
8, 134419 1648482 21973 . 2264 24895
9 1734528 2087312 270039 RS 416816
10 215585 255821 324697 1%40%0 436513
1 260321 205347 181575 457481 5577M
2 307382 357036 440379 S26m 6303
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Instructions for Candidates

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

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

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

4. Each question carries 15 marks.

5. Use of simple non-programmable calculator is allowed.

6. Statistical tables are attached for your reference.
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Q1. State whether the following statements are true or false. Give reasons or proof for
your answer.

(i)
(i)

(iii)
(iv)

v)

If the model Y1 = B1X1 + B2X2 + u;, is estimated using OLS, then the sum
of the OLS residuals e; will be zero.

In multiple linear regression analysis, the term linear means that the model
is linear in parameters only. The model Y; =B, + B, X; + B; X? +u, is
an example of multiple linear regression.

If all the X values are the same in the regression model Y; = B1 + B2Xi + U;
then we cannot estimate f3».

If the p-value for a test statistic is greater than the chosen level of
significance o, then we reject the Null hypothesis at the a level of
significance.

If we multiply each value of both X and Y variables by 10 and re-estimate
the regression equation, the slope coefficient will also get multiplied by
10. [5 x 3=15]

JdeU & HAFATATET YT T § 3HYaT 3HTcT| 39 3cck g PRI
g7 g7 8 SifSv)

(l) ZI'%HUEFI'Y1=61X1+BZX2+uiEﬁOLSﬁmﬁmﬁmmﬁ',

OLS 3raferset (residuals) e; T JaTohel LT B4

(ii) Sgo Y@ FAHIT faRelwor (multiple linear regression analysis) # 9 “{@=’

F 3T § & AlSAT Fad Urgelr (parameters) F YT gl AA V; = B
+ B, X; + By X? +u;, Sg o YT TATHIT T Th 30T 2

(iii)aﬁmﬂ'&waﬁgﬁYi=Bl+Bin+uiﬁ X%mﬁmm%?ﬁmgza’#

3fTeRfold T8l T Hehd |

(iv) TfE T TEToT GG (test statistic) &g p-ATT Tafedd TLwar TR (level of

significance) o ¥ 3T §, o & o AR TR W YT IR edar (null
hypothesis) &I 3FdPR A &1

(v) 3% X 7Y gt T & I3F AT 10 F IO HY TAT TAHIOT FHIOT 1

QeT: 3Tehfeld &Y o @fel T (slope coefficient) 8T 10 & IO & STwem|
[5 x 3=15]

Q2. (a) If you are given the following data on X and Y

(i)

X Y
1 3
2 5
3 7
4 14
5 11

Obtain the estimated regression equations using the ordinary least squares
when Y is regressed on X with an intercept term.



(i)  Prepare an ANOVA table for the above regression.
(iii)  Obtain 95% confidence interval for slope coefficient of the above
regression equation. [4+3+4]

(b) Explain why is it impossible to fit a linear regression if there exists perfect
linear relationship between 2 or more explanatory variables. Is the estimation still
impossible if this relationship is not perfect? Why or why not? [4]

(a) I 3yt X9 Y X Aeafaf@d sies g gu &

<

g wN| kX

Pl ~o|w

4
1

(i) 9 Y & ARV ~gAdA Fafy (ordinary least squares) Hr TgRIT A
Hed:@ug (intercept) & Y X W FAMRAT fHFar Jrar § aF wfad
HATHIUT FHHOT gred HIfAT

(i)  3Red FABIU g TH ANOVA aiiol sa15T]

(i) IRET TABRU THEOT F oo UE &g 95% TI\WEIAT Heawrel
(confidence interval) 3T FHifST| [4+3+4]

(b) TwemsT for afe 2 a1 31fe careTeRy @ & ALY qUT W& @Feey (perfect
linear relation) foeaaer § aF Y@ TASAU 3efad w1 FaT 3@FAg gl afe
TFe qUT A6l & o 97 AT kol IFAT g2 FAT AT FAT 617 [4]



Q3. (a) To study the rate of growth of population of a country over the period 1971-
1992 (both inclusive), the following models were estimated —

Model I: In (pop)=4.73 + 0.024t
SE  (0.5747) (0.004) RSS = 100.515

Model II: In (pop)=4.77 + 0.015t —0.075D, + 0.011(Dg)
SE  (0.103) (0.0042) (0.018) (0.002)

Where In = natural logarithm, pop = population in millions, t = trend variable

D, = 1 for observation 1978 — 1992
= 0 for observations 1971 — 1977

() In model I, what is the instantaneous rate of growth of the country’s
population over the sample period?

(i)  What are the instantaneous rates of growth of the population for the period
1971-1977 and for the period 1978-1992? Are these rates statistically
different at 5% level of significance?

(iii)  The researcher also estimated separate regressions for the two time periods

Time period 1971 — 1977 RSS, : 15.603
Time period 1978 — 1992 RSSy: 52.752

Apply the Chow Test at 5% level of significance to determine if there is an
evidence of a structural break in 1978. [2+4+4]

(b) Show that for the model Y; = By + B.X; + Ui, the OLS estimator 3, is an

unbiased estimator of f3,. [5]

(a) TH AU T FATEIT T I3 1971-1992 (@1 FFEATd) H afg e &1 eI
o g Hefaf@a Alsel @ mewfad fear -

Ase |: In (pop)=4.73 + 0.024t
SE (05747)  (0.004) RSS = 100.515

#Atzer I1: In (pop)=4.77 + 0.015t —0.075D; + 0.011(Dy)
SE  (0.103) (0.0042) (0.018) (0.002)

S8l In = yrpfdes oTgaroreh, pop = Sraear fafaas A, t = ygfed =@

Di =1, Si&Toff 1978 — 1992 &g
=0, SOt 1971 - 1977 &g



(i) &z | #, ufaeer 3@ (sample period) & ke ger & Soaear &
dicrere (instantaneous) gfg eX &7am &2

(i)  3&fET 1971-77 T 1978-1992 &g SIIEEAT & dlchIold g &Y FIT &7
FT ¥ g¥ 5% aridhar TR (level of significance) X @ifegdha ak w
e g2

(i)  ATHAT A 3 & FTATAAT &g ar T3 FATHAT §f ehfad fh
FHagE™ 1971 -1977  RSS, : 15.603
FHgE™ 1978 - 1992 RSSy: 52.752

FT 1978 H TWaalcA® gRddsl (structural break) @1 9aToT §, 389 A0

WA &g 5% FIRAM TR W AFE H W RS
[2+4+4]

(b) g2flsT & Afser Yi = B1 + BoXi + Ui, &F OLS 3Meheld S, Pr &1 AT
(unbiased) 3ot B [5]

Q4. (a) Omitting a relevant variable from a model is more serious than including an
irrelevant variable. Do you agree? Explain. [5]

(b) Consider the following population regression function
In (DIV);= B1+ B2In (PRFT)+ BsTIME + u,

Here, DIV = corporate dividends paid, PRFT = corporate profits, In = natural
logarithm

The estimated sample regression results for an economy based on 244 quarterly
observations are presented below:

Dependent variable: In (DIV)

Coefficient | Standard | t-statistic | P-value
errors
Intercept 0.4357 0.1921 | 2.2674 0.0243
In (PRFT) 0.4245 0.0777 5.4614 0.0001
Time 0.0126 0.0014 |8.93 0.0002

R?=0.9914, sum of squared residuals = 4.2657
Adjusted R?=0.9913 F-statistic = 13930.73
SE of regression = 0.133 Prob (F-statistic) = 0.00000
Durbin Watson statistic = 0.0201

(i)  What are the economic interpretations of £, and f3?



(i)  On what count(s) would a researcher be satisfied with these results at a
first glance? Verify your conjectures using formal test(s). For tables, take
the closest value of n.

(iii)  Is there anything in these results that the researcher needs to worry about?
Verify using formal tests. [2+4+4]

(@) T gl (relevant) aX &I AlSe I &CT oIl Teh URITEIG oX I AFAToId el
#r 3vem e iR ¥ FT N 3@ 99 @ WEAd &7 FASSU
[5]

(b) far=ifer@sa @afSe TAM™OT ®alel (population regression function) W faaR
HfaT

In (DIV);= By + P2In (PRFT),+ s TIME + u;

Tgl, DIV = faerAr gart Yged omeAier (dividend) &, PRFT = faerd amt g, In =

EIEARERCEINED

T IITTEAT g 244 FATTAS Y70l I Geradr & hfad gfage FAms—or aRkoms
5T 9R &

Dependent variable: In (DIV)

Coefficient | Standard | t-statistic | P-value
errors
Intercept 0.4357 0.1921 | 2.2674 0.0243
In (PRFT) 0.4245 0.0777 5.4614 0.0001
Time 0.0126 0.0014 |8.93 0.0002

R?=0.9914, sum of squared residuals = 4.2657
Adjusted R?=0.9913 F-statistic = 13930.73
SE of regression = 0.133 Prob (F-statistic) = 0.00000
Durbin Watson statistic = 0.0201

(i) B3 fsFr i caread Far §?

(i) 9ux ™ & Muedl fFd FROT @ g7 IROTAT @ Fegse glEm? 30=
AL @ foaie olietor (qdEToT) T H@ERar @ doaad fifav|
AR g n &1 fshedd AT Afav]

(iiiy =1 3 9RomAl # WO Fo ¢ OEs FROT Muedar @ Rfedd ger
ET? TR TAeTon B FEIdr & Feanfad HfSw|  [2+4+4]

Q5. (a) Consider the following model of Indian imports estimated using data for 40
years over the period 1946-1985 (standard errors in parenthesis)

InY= 1.5495 + 0.9972 InX3— 0.3315 InX5+ 0.5284 InY4



SE (0.0903) (0.0191)  (0.0243) (0.024)
R%=0.994 d=1.8

where Y = imports, X; = GDP, X3 = CPI

() Does the model suffer from first order autocorrelation? Which test statistic
do you use and why?

(i)  Outline the steps of the test used. Compute the test statistic and test the
hypothesis that the preceding regression does not suffer from first order
autocorrelation.

(iii)  If the general model is given Y = B; + BaXa +PsXst + Uy Where errors
follow AR (I) scheme, i.e. u; = pui1 + & and where & is a white noise error
term. Then how would you transform the model to correct for the problem
of autocorrelation? [2+2+2]

(b) Consider the following regression function :

Yi=P1+ X + Ui

Where u; is normally distributed (mean = 0, variance o;°) and oi is known.

Also all the other assumptions of CLRM are satisfied. Now, if we apply weighted
least squares then what will be the dependent and independent variables? Also show
that the transformed error term is homoscedastic. [4]

a) Using the method of OLS, population density in a country (pop) is
regressed on total value of output of the manufacturing sector of that
country (Qz in millions) and the number of schools (Q in 000s) for 60
countries for the year 2015-16. In order to test for heteroscedasticity, the
squared OLS residuals are regressed on the explanatory variables, their
squares and their cross product.

07 = 81+ 8,Q1; +83Qait+ 84Qui” + 85Qai™+ 86(Q1iQ21)

If R%is 0.7426 for this auxiliary regression, then conduct the White’s Test.
Use the 5% level of significance. Do you find evidence of
heteroscedasticity? State your null and alternative hypothesis clearly. [5]

(a) 3/afr 1946-1985 &I 31afdr & 40 auf g 3Hiwsl H FEREIAT ¥ Hhfad HARAT
TEl & AEfaf@d Atse W R HIfST (A Ifeat wvssr 7 & g3 §
INY= 1.5495 + 0.9972 InXz— 0.3315 InX3+ 0.5284 InYy4

SE (0.0903) (0.0191)  (0.0243) (0.024)
R%=0.994 d=1.8

S8 Y = 3mard, X, = GDP, X3 = CPI
(i) 1 Ig AlST YTH HHA & Taagase=y (autocorrelation) T IEd g2 3T HiaAd
&0 UfaeRTsT I 39T HLET T F41?



(i) SgeFd gt & Rl T FRET QfAv| wieTor gfdgetsr i aoEr ST gur 36
IR HI GET0T HITAT o Tg TATHAUT YA A & TaOgdeaey T IEd Igl
gl

(i) T AT AT Y, = 1 + PoXor +BsXar+ Uy & STRT FeAT AR (I) TOTrelr, 3T, i.e.
Ur = ples + & T IJEROT AT & IUT ST & dd €afel (white noise) 3T 95 &, dr
3T TIHEHFIE I GHAEAT & Eh Hel & 39 HAlsel by JhR Tl Rel
HL [2+2+2]

(b) FFAfAfEd FABRIUT Held W TR HAfSC:
Yi= B+ BXi + Uy

et u; ST affed (normally distributed, e = 0, SEROT 62) & T of
AT &1 CLRM &1 37 T8l A=ga d=dse gl &1 319, Ifg g aRa s gatae aof
(weighted least squared) T 3UART &L dF R T Taded T FAT g7 I8 oF geisv
& TueaRa 3¢ ug gaworaA (homoscedastic) &l [4]

c)  OLS #r fafer & |graar &, 60 32t g 2015-16 g fordly gor # Steraem
gelca (pop) A 39 ¢ & RAfAAT &7 & 3cuig & o AT (Q, FAfT=T
#) 9 facgrerdl i d'ar (Q. Rl # ) W #AMRT R | yawor
fawAar (heteroscedasticity) &g Gi&ToT &l g OLS 3rafdrser & qaif &
SN @A, 3o JaIT AT 3o 3l JUTTthell (Cross-products) T
AR foRar |

07 = 81+ 8,Q1; +83Qait+ 84Qui” + 85Qai™+ 86(Q1iQ21)

Ifg 50 @ers (auxiliary) FamROT g R 0.7426 ¥, a cgize (White’s) T adiaor
FAT| 5% TR TR FH 3UANT RITST| FIT IR JEROT-TAYAAT FHT JATOT Ferar
§? 39T YT T dehfedesh IREeTT FTased: fafdu| [5]

Q6. (a) The following regression model was estimated using the annual time series
data for the period 2001-2015 (both inclusive) for a certain country.

InY = by + boInX, + bsInXs + bslnXy

where

Y = demand for roses (in kg)

Xz = price of roses (in Rs per kg)

X3 = price of carnations (in Rs per kg)
X4 = disposable income (in Rs *000)



The results are summarized in the following table:

Coefficient | Standard error
Intercept 2.03 0.116
X2 -0.38 0.025
X3 0.43 0.018
X4 0.25 0.063
() Interpret the partial slope coefficients
(i) If the calculated F-statistic for the estimated model is 492.513, calculate its
R?? [3+3]

(b) If in a three-variable regression model
Yi = B1 + B2Xoi + BaXai+ U

Suppose r3 = 0, then what is VIF and variance (b2)? Is there any multicollinearity in
the model? [4]

(c) Consider the regression model using standardized variables
Yi* = Bo* + 1™ Xi* + Ui

Where Yi* = (Y;i-Y)/S, and Xi* = (X;- X)/ S«

Sx and Sy are the sample standard deviations of X and Y respectively. XandY are
sample means of X and Y respectively. Show that the intercept in the above
regression is always 0. How will you interpret 31*? [5]

(a) fArfoaf@a aams=or Alsa &1 fFd 2r &g 2001-2015 (@l AfFAfad) # 3afd
eq aif¥er Srerdof ((time series) 3ierst & FEIAT & 3Mhfad fhar arm

InY = by + boInX, + bsInXs + bslnXy

19

SRl
Y = & Gell g AT (o #)

Xo = e & Gell I HIAT (. Iid fhoitand #H)
X3 =2 & Gl Hr HAT (F. I Thatand #)
Xy = 93T I (BRI 94T #H)

aRoTAT & [Aefef@d aiRelr 7 fear &

[ UTih AT e
3ed:gus 2.03 0.116
X2 -0.38 0.025
X3 0.43 0.018
X4 0.25 0.063




(i) 311 @Tel T[T I SATET HIfaT|
(i) I nwfad Alser &g F-ufdeds & aIfq A 492,513, aF s@&% R® &
U P [3+3]

(b) I AT T arer FATHIOT AlSSA
Yi=B1 + B2Xoi + BaXsit Uj

H gg AT A ST F r3=0, a VIF T by, & 980T & AT T P12 T 39 Alsel
# sg@x@ar (multicollinearity) &2 [4]

(c) ATHIFA (standardized) TRF ST FerIdar ¥ o v fAeafaf@d a@msRoT Alsad |
foar fifGT

Yit = Bo™ + B *Xi* + Ui
St Yi* = (Yi-Y)ISy aar  Xi* = (Xi- X)/ S«

SxT SyHAM: X T Y & ufciesl AT g § dar XaY A, X T Y & gfaed
ey § criST fF 3Wied TASROT & 3=a:@us (intercept) g8Rm 0 g\ar &1 3m9 B>

Fr fhg YR AT Hier? [5]

Q7. (a)
Q) Comment: “The OLS estimators under multicollinearity are still BLUE’.
(i)  What are the practical consequences of multicollinearity? [3+4]

(b) In a regression of average wages (W) on the number of employees (N) for a
random sample of 30 firms, the following regressions were obtained

Regression1: W =9 + 0.02N
t= (10.1) (16.10) R?=0.90

Regression 2:% =0.008 + 7.8(1/N)
t= (14.43) (76.58) R?=0.99

() How would you interpret the two regressions?
(i)  Can you relate the slopes and intercepts of the two models?
(iii)  Can you compare the R? of the two models? Why or why not? [3+3+2]

(a)
(i) ‘Sga@ar & 39feafa 7 OLS el BLUE gid &1 feoqol difaw)

(i) SgT@aTH AaEIRE IROMA FAT BT 2 [3+4]

10



(b) 30 wAf & v IERoad gfdger &g 3ftad #oy (W) & #fAsr & e W
AT § Hlai@d IRUMA 9red g T

AT 11 W =9 + 0.02N
t= (10.1) (16.10) R?=0.90

w2 Y 20008+ 7.8(LN)
t= (14.43) (76.58) R?=0.99

(i) 3T 3o ST FAHAOT Y fFE FpR ATEAT HLa?
(i) T 3T ST &I ASAl & STl T Hed:GUST Dl TFIET I Thd &7
(iii) AT AT ST & Alsall & R*FHI JoHolT I A o7 FAT AT FAT 61?7 [3+3+2]

11
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T IR-SAIAT Hefheled H IYANT HA HI IFATT 81 3MTh Fedd & fov @iieghy
oIV TerdeT ¢ | Tt I0TATHT & T aF grrTed TAE W TEAT3T &l el fohar S
HhaT Bl

QL. i) A hypothesis u=75 is tested against the alternative u<75 using a random sample of size
25 drawn from a normally distributed population with 6=9 using 1% level of significance.
Calculate the probabilities of type II error for p= 68, 69, 70.8, 72, 74 and use them to
diagrammatically express the power function of the test.

i) How does the probability of type Il error depend upon the level of significance used?
Explain.

iii) What is o for the test procedure that rejects the null when Z < -2.88?

iv) If a level .01 test is used with the sample size now equal to 100, what is the probability of
a Type I error when p = 76. (18.75)

1. i) T IR = 75 ST dohiede | <75 & dGH TIGTOT fohaT ST & S 1% ¥d< o Aged
I YT HIAT S, S WA & H TR STAEEAT / 25 & 3HTHR & ATE Teoeh S1Ha T 3TN
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HTE 3R TS@hT 6 =98 | 1=68, 69, 70.8, 72, 74 o TIT €157 || & T FHTGATHT T IT0TAT
Y 3R 3¢ TaT0T & ATFd FARIE A IR el & T Iuger Y|

ii) TR 11 & T FHTIAT FohE FehT 3TN FhT SATeT dTel Heed o Tl 9T fol e el 82
HASATSU|

iii) TLETOT TTshaT o oIt o T § ST 2 ! WINST il § S Z < -2.88?

iv) I EAX 0.01 TNETOT T ITANIT AT TR o TTY fohAT ST & ST 37 100 & SIS &, Y
W =76 % AT 13T | e Fhr GH1GAT FATE | (18.75)

Q2. The following regression was estimated using quarterly data for 10 years
NC, = —7.453 — 0.0714P, + 0.00315Y, — 0.1537i,
Se=(13.58) (0.0347)  (0.0017) (0.04919)

R2=0.758 ESS=235104 RSS=14.1867 d=2.04

Where NC = new car sales per 1000 population
P = new car price index
Y = per capita real disposable income in Rs.
i = interest rate

1) Interpret the above regression and comment on the expected and estimated signs of the
coefficients. Also comment on the individual significance of the coefficients.
ii) Construct an ANOVA table and comment on the joint significance of the regression.

iii) Suppose you wish to test the restriction 83 = f4 for the above regression. Explain the
two methods that you can use to carry out this test.

iv) Do you suspect autocorrelation in the model? If yes, how would you test for it?
(18.75)

2. 10 asf & v SATRAS SeT T 3T Feh AFATATYT FHTHT T A ST AT
oqT:

NC, = —7.453 — 0.0714P, + 0.00315Y; — 0.1537i,
Se=(13.58) (0.0347) (0.0017)  (0.04919)

R2=0.758 ESS=235104 RSS=14.1867 d=2.04

ST8T NC = 1S &R I fashT Uiy 1000 STarEEar
o = 7S SR Hod YAhh
v = gfa cafaa aredfas feeaaae 3T 9 A|
i = AT &
i) ST FfdearaeT dr carear RS 3R quiw & 3T AR gAAT Fohdl R
feoqolt RFSA| ot & AfFderd Hgea W o feoqolr RS




ii) TSAraT drferepr & FATOT RIS 3R wfdersteT & dgod Hged W feoqolr Hife|

iii) AT NFAT & 319 3o 9fedwT & v gfqeer B3 = B4 &1 GNETUT HLell TR 2
38 9{aToT &l e & fov 39 5 2 Afdat &1 3uaher & §&d § 306 T A

iv) @7 39T ATST A 3iTer HgEaY (Autocorrelation) gleY &7 Teg g2 Il &I, ar 3T
zg% Tl Ha gdeTor HEr? (18.75)

Q3. Consider the following regression results:
sleep = 3840.83 — 0.163totwork — 11.71educ — 8.70age + 0.128age? + 87.75D
Se=(235.11)  (0.018) (5.86)  (11.21) (0.134) (34.33)
N =706 R?=0.123  R?=0.117

where sleep is total minutes per week spent sleeping, totwork = total weekly minutes spent
working, educ is education measured in years and age is age of the individual in years. D is
gender dummy and D =1 if male, 0 otherwise.

I. Is there any evidence that men sleep more than women? How strong is the evidence?

ii. Interpreting the coefficients of the age and age squared variables explain what does
the researcher have in mind about the relation between sleep and age.

iii.  Is there a statistically significant trade-off between working and sleeping? How
would the regression model have to be modified if there is reason to believe that this

trade off might be gender specific?

iv. Do you suspect multicollinearity in the model? Explain your answer.
(18.75)

3. Trfaf@d gfderds aRomal « fgar
sleep = 3840.83 — 0.163totwork — 11.71educ — 8.70age + 0.128age? + 87.75D

Se=(235.11)  (0.018) (5.86)  (11.21)  (0.134) (34.33)
N =706 R?2=0.123  R2=0.117

TeT sleep= 9l HCATE el Alel T THY fATet #, totwork = el FTCcTReh [HeTe H1H I HT AT
fAsTel & educ asf & ugrs F1AT 3 age avf FafFafr3a g g D oarsag3ikD=1
IfE 98w, 0 31|

i) ST 1S He & Toh GO ATGATIT T Tofell & 3778 N 2 T TeheTer Hofegel 872




ii) 3 3N 33 37 & F[0TIeh hY AT d REEIIE g iRITFITFTTTFINH
QNEThdT & HeT H FATE |

iii) ST H1HA Y 3T FIA & T Teh FITETHIT HecaqoT A ARRY AT §? YiATrHeT Alser
F FO G forar sreem afe I AT T R § 5 I8 gasiiaseRy 98@-aa foer v ar
HhcTg?

iv) T 39T ATS HIgEIET (Multicollinearity) 8 T Heg &? 3791 STaTe AASIY| (18.75)

Q4 In each of the following cases suggest a suitable functional form to explain the relationship
between dependent variable and the explanatory variable. Also justify your choice and
interpret the coefficients in each case.

i. Cobb Douglas production function

ii. Rate of growth of population in an economy

iii. Total cost function of a firm

iv. Engel Expenditure Function.

v. Phillips Curve

vi. Average salary earned by the employee conditional upon the gender of the employee
(18.75)

4, AFATAET H T IAF AFAS 7 AT W IR Tedeqmasd W & g el ol
FAST & U UF 39gFd FrilcAd &9 F goa At @ & 3ol 9w B FE
BRI U Gcdsh ATHe & IUNH H carear Hf|

i) P SIS 3cUTGeT Holed

i) Teh HITaEAT H STAHEAT Sl el $T e

iii) TR B N Fol AR Beled

iv)  Tdlel O Wl |

V) fsferca as

vi) FHANT & ool W FATRT [T @RI AHfoid AT aaar (18.75)

Q5. Let the population regression function be:

Yi = B1+ Byx; + 1

Where vy and x are deviations from their respective mean values.

i.  What will be the estimated value of B;? Why?



ii.  Derive the estimate of B2 and show that it is identical to the one obtained from a
regression of Y on X. Explain why it is so.

iii.  How would you test the hypothesis that the error term in a two variable simple
regression model is normally distributed?

iv.  Derive an expression for the 95% confidence intervals for the mean prediction for the
two variable simple linear regression model. (18.75)

5. AT Nfor FAEEAT YfaerdT sy §:
Yi = B1+ Byx; + 1

STt yi 31N x; 319 e Are AT ¥ frareret ¥

i, B1 I 3THTIAT Hed T I &rl?

i Bz%ﬂﬂmﬂﬁwﬁﬁ'&ﬁmﬁﬁ?uﬁXWY?Wmﬁww§'531oy1|o135
AT g | TIs¢ < foh TaT AT B |

ii. 39 5 IReTAT T TAETOT Ha HET o &Y TR e FfeeTeT Aisel 7 Y 2rse; 37 IR K
faaRa ferarsrarg?

iv. &l TR el YW Ufaere Arsd & folv FAdod sifasgarot & forw 95% faeary 37aRTer & forw
Teh TGl egctoet | (18.75)

Q6 Consider the following model:

Ct =1+ 2 GNP + B3 GNPr.1 + 4 (GNP ~GNP¢.1) + Ut
where GNPt = GNP at time t,
Ct = aggregate private consumption expenditure in year t,
GNPt-1 = Gross National Product at time (t — 1)
(GNPt —GNPt-1) = change in the GNP between time t and time (t — 1).

i.Assuming you have the data to estimate the preceding model, would it be possible to
estimate all the coefficients of this model? If not, what coefficients can be estimated? Do
you suspect a problem in the regression?

ii. Suppose that the GNP.; explanatory variable was absent from the model. Would your
answer to (i) be the same?

iii. What is a possible remedy to the problem detected in (i) above?

iv. Now suppose the model is given as Ct = 1 + f2 GNPt + 3 Cr.1 + Ut and the errors are
assumed to be autocorrelated. How would you test for serial correlation in the model?
Discuss the underlying assumptions of the test if any?

v. Suppose the equation given in iv) above is transformed and estimated as: Ct/GNP; = B1
(L/GNPy) + B2 + B3 (Ct-1/GNPy) + u/GNP:. What could be the possible reason for the
transformation? How would you test for such a problem? (18.75)

6. AFAIf@a Alsd W TR Hifa:



Ct= 1+ f2 GNPt + 3 GNPt.1 + 4 (GNP; —GNPt.1) + Ut
8T GNPt = GNP §HIt X

Ct=ay tH ool et fAsl 3user ey,
GNPt-1 = FHT (t-1) 9 Hehol TSI 3cUTG
(GNPt —-GNPt-1) = T t 3{R T (t - 1) F T GNP H IRATA|

i AT of T 3110k 9T el Hsel 7 AT STl & fow SeT 8, A -1 5 Hisel & gafl 0tien
ohT 7T HT oTaTT=lT HaTe G192 ATE 76T, it Tehd I[UTieh ohT 37T ATeT STITTAT STT Hehell &2 T 3TTIhT
T & THEIT T HEE 67

ii. AT NTST foh GNPt-1 SATEATCHS =X AlSeT @ 3]ITEUT & | T (i) H 3TIhT 3T AT gIIm?

iii. 3O (i) 7 TS IS HATAT T Teh FATAT 3UTT FAT &2

iv. 37 AT o foh gERT HiseT Ci= 1 + f2 GNPy + f3 Co + U & &9 H feam arar g AR Ffeat st
Tad:HE T ATAT SATAT & | 31T ATST H RIS TgHaE o folT Hay GeToT hia? I P gl ar
qRYUT I Idfeled ATEIATIT O TaT hi?

V. A NS o I iv) A 4T a0 Fofienor &t ®uia el 31 3reTATAd faam aram g: CYGNPy =
B1 (/GNPy) + B2 + B3 (Cr-1/GNPy) + u/GNP; | aRac T THITI FHIROT AT &1 TehedT &2 VAT
HATAT & [o1T 37T Hat qT&ToT hiar? (18.75)




S.No. of Question Paper:

Unique Paper Code 12271403 (OC)

Name of the Paper > Introductory Econometrics
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Semester . AV

Duration: 2 hours Maximum Marks: 75

(Write Your Roll No. on the top immediately on receipt of this question paper.)
Note: Answers may be written either in English or in Hindi; but the same medium
should be used throughout the paper.

Answer any four questions out of six.
o8 # ¥ fFeel IR Y&l & 3K &
All questions carry equal marks.

Tt 9ot W FAT 3F g

Use of simple non-programmable calculator is allowed. Statistical tables are attached for
your reference. Numbers may be rounded off to two decimal places for all calculations.

T IN-HHITAT SHoleheled ST 3UTNT A ST IFATT 1 39 desf & fow
TITEIHRT AIfehrTd Toreat &1 T ot & AU & crddd TAET W &3t
Y e fFAT ST FehaT T

Q1 a) Consider the following data on hourly wage rates (), labour productivity (X1) and
literacy rate (X2) in acountry ABV:
Y |90 |72 (5442|3012

Xi1|3 |5 |6 |8 12|14

X2|16|10(7 |4 |3 |2

i.  Calculate the estimators of the regression Y; = f; + B2X5; + B3 X3 + i;
ii.  Test the hypothesis 8, = 0 against the alternative 8, > 0 at 5% level of
significance.
iii.  Calculate R? and R? and comment on them.
iv.  Construct an ANOVA table and check for the significance of the regression at
5% level of significance.



v. Do you think that Cov (p,x) will be non-zero in the model which has low R??
Explain.

b) A random sample of 100 athletes show that their average running time follow a
normal distribution with mean p and known standard deviation equal to 80 minutes. Let
the null hypothesis be Hy: u = 56 & H,: u > 56. Let the rejection region be x > 60. If
u =62, find the probability of type II error. What is the relationship between Type I and
Type Il error? Explain (18.75)

Q1) 37) frdlY &er ABV # 9T er Aaigdr &1 &Y (Y), #H 3cagadr (Xq) iR
TERAT &X (Xo) & Aeifaf@a 3nesi W IR &

Y |90| 725442 |30|12

X1|3 |5 |6 |8 |12]14

X2|16 1107 |4 |3 |2

. ITTHA ¥, = By + B Xo; + BaXs; + pih ITHITR T I0TAT RIS |

i. 5% % HAGcd & TR W IRFeTT B, = 0% WTh dhfeds IRSeTT B, >
0 & JAETOT H|

iii.R? 31X R? &l 910/t Ao AR 3 9 feoqoly Hiferdr |

iv.TeT (ANOVA) aTferehT &1 fafor RIfsry 3raar yfaers= & Hged &7 5% &
TR W ST IS |

V.1 39! o9TdT & & Cov (y, x) 37 Alse # I-g7 g et R? &A
g? Tqse Hiav|

s1) 100 TUelET & U ATeieosd Ao G@rar § o 3ad 3ad dolel &l F7g
AT AaAROT &7 9Tl T & ol 3iad p 3R Ard A fagesT 80
AT & ST | e IRFTAT Hy: pp = 56 & Ho: > 56 8ot ST | 3r&diepil
&7 x> 60 g QTSA| Il = 62 8, aF @139 1l Ife &1 Ferraar @isi| €137 |
3R ey Il e & & Far day §? aHESsd| (18.75)




Q2 a) How do you test for normality of error terms in the PRF using Jarque Bera test? What
happens to least square estimates if the errors are not normally distributed? What are its
consequences for the Gauss Markov theorem?

b) Data was collected on 344 corporate executives to find out the effect of MBA degree
and work experience on their salary. The following model was estimated:

Y; = 2.3501 + 3.6306D;; — 2.6354 D,; + 0.8527 X; + 1.634 (D, * X);
t= (1.263) (2.1805) (- 3.457) (7.605) (2.98)
R? =0.8968
Y: Annual Income in Lakhs of Rupees
D and D, are MBA and gender dummies respectively
X: Work experience in years
D: =1 if one has MBA degree
= 0 otherwise

D> = 1 for a female executive

= 0 for a male executive

i. Write the regression equations for female MBA executives and male MBA executives
separately.

ii. Find the mean income level for the reference category and interpret it.

iii. Test the statistical significance of differential intercept coefficient between female
MBA executives and Male MBA executives at 5% level of significance.

iv. Interpret the coefficient of D1*Xi.

v. Now suppose out of this sample of 344 executives, 48 are female MBA executives
and 156 are male MBA executives. To find out the relation between income earned and
work experience, we run three regressions and the results obtained are as follows:

Regression A: 156 male MBA executives, RSS” = 3.701
Regression B:  for 48 female MBA executives, RSSE = 4.803

Pooled Regression:  with 204 (156 male + 48 female) executives, RSS” =
9.7602

Using the above data, do the Chow test at 10% level of significance to check whether
there is significant improvement in doing a pooled regression as compared to other two
subsample regressions.

vi. Let the population regression function be :
Yi = B1+ BaDyi + B3 Doy + BaXi + Bs (D1 * X)i + 1y
Suppose that E(w/X, D1, D2) = 0 and V(i/ X, D1, D2) = 6® X2. Transform the original
equation to obtain homoscedastic error term. (18.75)

Q2)3¢)34Tcro1u$haTrE+cwmaﬂ?rg@PRFﬁgi%el?ﬁaﬁrWﬂéa
fore @ gderor #xa 82 Il At A AT §9 @ AR w787 har srar g o



hH § HA I T A FIT Gl §? IF HAhid YA & AT 5@k aRoma Far
87

o) TAAIT 330 3R 3o AT T R AT & FoNT T Il e & AT 344
HraRke ITUHRGT W e Tohd ohar IR §| [He=faf@d Alsel &l 3HeJATeT ofaTa
IRAT §:

Y; = 2.3501 + 3.6306D;; — 2.6354 D,; + 0.8527 X; + 1.634 (D, * X);
t=  (1.263) (2.1805) (- 3.457) (7.605) (2.98)
R? = 0.8968

Y: aIfi¥e 3 om@r 9 H
Dy 37ar D, el THeT 3K fofor s+t §
X: ast & & 3egera
D; = 1 If¢ fRdY & ard MBA & f3aft &
= 0 =g
D, = 1 Afger FIFRT & fav
= 0 U Y FFHA & faw
i. Afger TAdT FRHRAT R qeW tANT AR & v gicera=T
FHIRION I oo F faf@u |
i. ey Aulr & AT 3\d 3T TR &1 a1 v iR sgdT sarear fifad|
iii. Ffger vALIT ARG 3R 9oy vAdT HfHRET & &y IR ok &
TIfETHIT Aged &l 5% & Aged TR I IR&TT FIfS |
iv. Dy * Xia?{_l,uliqvaﬁ'célllsm ST |
v. 319 AT NAT o 344 3T & 50 FF7 # & 48 Afgel TAAIT
FHRART § 3R 156 TR vANT MRy 1 3ol 3 3R SR 3egera &
S G HT T o & T, g7 el 9fdards & A oerd § 3R
red gRoH AETar g
gfde#T A: 156 92¥ TAAT 3, RSS* = 3.701
gfce#eT B: 48 Afgar taeT afwiRar & fow, RSSB = 4.803
g gfdeardeT: 204 (156 9eW 48 Afgem) fHIRT & @Y,
RSSP = 9.7602




3N 3MThST FT ITANT FHIA §T, 10% F FAged & TR T Chow TLaor
HISD, Ig S & v & 41 37 & 37 a1 Jfdeaset dr Jeiel & Th
qfed IfcRTHeT e # Hecaqol GUR § AT 480

vi. STEEAT 9faerET FT gl S

Y; = By + B2Dy; + B3 Dy + BaXi + Bs (D * X)) + 144
AT oifeie fF E (u/ X, Dy, Do) = 0 3R

V (u / X, Dy, D2) = 6°X2 Homoscedastic Jf¢ Ired el & fav o
AR & gRafda FIfeT | (18.75)

Q3 a) A researcher wants to find out what are the factors which determine the number of
installs (1) of an application (app) from a famous app store. Size in Mbs (S), Reviews in
‘000s (Re), Ratings (0 to 5) (Ra), Price in “‘Rs (P). She ran the following regressions:

log I = 1.329 + 0.2356 S +0.4320 log(Ra) — 0.2678 P + 1.928 log(Re)
Se= (0.63) (0.242) (1.29) (0.001) (0.156)
R?=0.734 df = 156

i. Interpret the regression above.
ii. Test for statistical significance of Price in the model. Depending on the result do you
suggest that price is a significant factor affecting app installation?
iii. Suppose the regression is re-estimated where number of installs (1) varies only with
respect to price (P). Average | in sample is 5 and average P is Rs 8.9. Following
regression was estimated:

[ =52351+3.139 %
se= (37.39) (0.0187)

df =156, R?=0.806
How would you interpret this model? Explain the shape of the curve.

iv. What would be the slope and elasticity of number of installs with reference to the
equation given in iii) above?

v. How would the equation in iii) change if we suggest that number of app installations
varies with respect to the kind of cellular phone used by the customer, that is android or
ios phones?

b) Will a dummy variable trap always exist if the number of dummies taken for a variable
is same as the number of categories of that variable?

c) Show that the coefficient of determination, RZ, can also be obtained as the squared
correlation between actual Y values and the Y values estimated from the regression model
where Y is the dependent variable.



Note that the coefficient of correlation between Y and X is

X YiXi
TyFYa?

T =

And also that j = y (18.75)

Q3) 31) Tk NYUFAT Ig IdT SNl AT & foh Ueh ITAGY VT TR & TiTaahelsd
(¥q) &7 gTerar (1) Fr Tar FAURT e arel RS FT §1 Mbs H 3THR (S),
000’s 3 WHET (Re), YT (0 ¥ 5) (Ra), 7 & Price ¥ (P)| 36 FoItarad

UTA9THA Sl AT
log I = 1.329 + 0.2356 S +0.4320 log(Ra) — 0.2678 P + 1.928log(Re)
Se= (0.63) (0.242) (1.29) (0.001) (0.156)
R2=0.734 df = 156

i. 39X U 1T gfderdsT &1 carear fifar |
ii. HAS H AT & HITEIHT Aged & ToIT G171 MG IRUMA & MR
W 3T AT 3T a1 fob Hod U9 SECTolfeT AT Y el arell Teh

AgcaqoT FRE &7

iii. & NIT o gfdords e @ g fhar Sirar 8 Sre STCTT T TEAT
(1) shael Hed (P) & HaY & et gich &1 7o # 3i\a | 5 § 3R 3fea
P 8.9 g eI TiclaseT o1 3efHTT ofamdT SATell g

[ =52.351+3.139 %
se= (37.39) (0.0187)

df =156, R?=0.806

39 34 ASH I AT HY HLA? T & JER DI AT STy |

iv. 3T i # T 37T FHeoT & T H STl I T&AT &l ool AR
ST T gref?

v. i # FHIOT H qEIT TG §H Fod o § b U SEelere S Hedn
IqMgeh SART 39197 fhT S aTel AeFeR Wi & oo & T gl g, o fob
Uglss AT IEINTH BT & Hehell 87

) Ife freY aRTeer $r A Fr dear 39 INvaa & AT & gear &

AT 8 o a7 ST dRueae U gA Higlg Wam?




7)) fewr? & URer & aonies, R?, & aedfds Y #Ae 3R gfdese Alse @
IATAT Y AR & S q9lg Gedey & &9 A o gred fRAT S ekl & S8l
Y 38T = B

e § & Y 3R X & o @gaey &l vl §

r= LYixi
[EyEExf
iIRaE A ™ry=5 (18.75)

Q4 a) The sales manager of a company believes that the district sales (St) of motor vehicles
has been growing according to the model St = So (1 + g)', where t is the time. Average
sales is 50 units and average time is 4 years. He obtains the following OLS regression
results:

In'S, = 3.6889 + 0.0583 t

I. What is the estimate of the instantaneous and compound growth rate?

ii. What is the estimate of So?

iii. What will be the elasticity of sales with respect to time?

iv. Suppose the researcher modifies the above equation and estimates the following
regression: S, = 5.6731 + 2.7530 t

Interpret the model.

v. Compute elasticity of sales with respect to time for the model in part iv. Compare your

results with the answer obtained in part iii.

b) Why are the OLS estimators not efficient when errors are not homoscedastic?

c) Inamultiple regression model Y; = B, + [, X5 + B3 X3; + p; if X2 and Xz are linearly
correlated with each other in the sample and both have a large partial effect on Y, then
how would the slope coefficients in the model change?

d) In the multiple regression model given in c) above suppose 3, = 1, how would you
obtain best estimates of 8; & 5? (18.75)

Q4) 37) Teh ST & [T Ttk T AT § o Al agal fr fFer S (Fe) S
=So (1 +0), AlSST & HJAR T¢ W ¢, S8l W t A §| 3ad foshr 50 e &
3R e aFT 4 Tra g1 g Al vevd gfaerded IRomaE gred ldr
g

In'S, = 3.6889 + 0.0583 t



i, dicprfaes 3R AT Qg e @1 AT Fa1 g2

ii.  So T ITAA FAT §7?

ii. AT & I H ST Hr drg v gref?

iv. #TT ohfaiw fF Aechdl 3TIFd FHEUT &I GNfd Hdar & 3R
fArfaf@d afderas @ A oemar §: S, = 56731+ 2.7530 ¢

ATSe S ITEIT AT |

V. H9T iv # Asd & v gEg & @iy fodr Hr a Hr aorEar Hifed) e
iii 7 9ICd I & Y I IROTAT FH Tl FfSA|

) SI9 Jear gaAfaeceesd gl gl & af OLS 37fATdsh FAe FT oTel g 872
W) Teh Ui GIRTH A ¥, = By + oXai + PaXsi + i H TG Xp 3 X3 AT

# Th g & Gy {Wh §9 § FgHaeY ¢ 3R Al # Y W a37 iR g
g, dl AlseT # ol IUTh HF qRafcld gam?

3) |) H U v v gfaeredd Al H) AT Ny p,=1 &, a 319 B, &
B3 T TEH IO AT HE UIed HYaN? (18.75)

Q5 a) Demographic data from 126 countries is obtained for the year 2017. It is hypothesized
that life expectancy () is dependent on number of under five deaths (X2) , polio
immunization coverage (D), Per capita Govt. Exp. on Health Care (X3) (in Rs crores),
Per Capita GNI (in Rs crores) (X4) and Average number of years of Schooling (Xs).
Polio immunization coverage = 1 if yes and 0 otherwise. Following regressions were

estimated:
MODEL 1:
¥, = 0.903 — 0.561X,; + 2.008 X5; + 0.553X,; + 0.778 X5; + 3.638 D
se = (1.280) (0.405) (0.765) (0.712) (0.491)
R?=0.787 RSS =1339.8
MODEL 2:

Y, =1.379 + 0.594 X3; + 2.139 D
se= (0.406) (0.465)
R?=0.677 RSS =1567.28



i. Isita time series or a cross sectional data

ii. Show model 2 is a restricted version of model 1 and what is the restriction?

iii. Test for the statistical significance of the restriction at 5% level.

iv. Construct a 95% confidence interval for true per capita government health

expenditure in model 1l and check whether it is statistically significant.

v. Ina CLRM what will be the effect on estimates of slope coefficient and intercept if:
e Y is multiplied by a constant c
e Xis multiplied by a constant c?

b) Following regression output is based on a sample of 30 farms where Y = output of rice
per acre in tonnes and X = quantity of manure applied per acre in kgs.

Y; = 384.105 + 3.67X;

se =(151.54) (1.00)

RSS = 6776
Construct a 95% confidence interval for mean output when 8kg of manure is applied given
that the sample average of manure applied per acre is 5kgs.

c) Following data was collected to study the effects of training on duration of
unemployment. Let X be the duration of unemployment for those without training and Y
be duration for those with training.

X|35(42 |17 |55|24

y (3137|2110 |28

Test equality of variances at 10% level of significance. (18.75)

Q5) 3N a¥ 2017 & AT 126 32AT T JTATITEIRIT 3T UIed fohar AT §1 Jg
3T SETRT 917 § o Slidel Jeamm (Y) 9 @ A 37 # 7cg (Xp), dfedy
gTREToT dhavst (D), Ui afdFd PR oTT TR AT & T (X3) (#IE
SO #), 9 i GNI (05 T9F #) (X4) 3N Fpell A& & ast & 3irad
TEAT (Xs)| diferar 9faReTor dalsl = 1 If¢ & 3R 0 3=gan| F=faf@a
FfAHATAT T AT STIAT AT g

FHAT 1:

¥, = 0.903 — 0.561X,; + 2.008 X5; + 0.553X,; + 0.778 Xs; + 3.638 D

se = (1.280) (0.405) (0.765)  (0.712)  (0.491)
R?=0.787 RSS = 1339.8



Y, =1.379 + 0.594 X3; + 2.139 D
se= (0.406) (0.465)
R?=0.677 RSS=1567.28

. FIT YE T THI HWell AT T IR TN 3T &7

ii. ST HAsel 2 AlSd 1 & Yfastaad F&or § 3k gfasy Far &2

ii. 5% & TR W 9fAeY & FIEIHT Aged & v qdaior Hfad|

iv. ASer Il # WEI 9 <IfFd THR T 7T & v 95% faeard et
&1 AT fFF AR a/w AR F Fa1 I8 qifeadhT &7 & Agcaq ¢
V. Th HIUC3IRUHA H Golel 0N & 3eTATA O &1 Jo7d g9 3R afe &
ar:

* Y & UE fRR ¢ & IO fRar S g
o X & THh &R ¢ & un fFar S gl

) Fafaf@d gfaese 3cdrest 30 WIAT & FAHsT W MR giar § S8l Y =
T H 9Td Uehg I1deT &l 3cUlesd 3 X = 9fd vehg @ig I AT &1 3c91ea
fhellamd & 8T &

Y; = 384.105 + 3.67X;
se = (151.54)  (1.00)
RSS = 6776

AT et & AT 95% TaRard 3HeRrel 7 fHATOT & Sia 8kg Wig o] fohar
SITAT & 374aT WG & AT 3T 9fd Uehs 5 fohellarma &

) SRISEIRT &7 37af & gfNeTor & gmEl a7 3EqTqT i & fov Aeafaf@ada
3¢T U fFar I &1 9ar & TR X a7 wfRietor & SAsemy fr 3@fr § Ak Y
GT&ToT aTel @lell o foIT SIS’ fr 3afy gl

X|35(42 |17 |55|24

y|31]37]21]10] 28

Agcd & 10% & TR W AfAeAd3it dr gaerar & aieor o (18.75)

Q6 a) Let the population regression function be as follows, where errors follow AR(1)
process:



Ye = By + B2Xe + e
He = PUt-1 T &

OLS is used to estimate the function using time-series data for 10 consecutive time periods.
i. Iferrors follow AR (1) how would it affect the least squares estimation?
ii. The residuals for the 10 consecutive time periods are as follows
Time 1 2 3 4 5 6 7 8 9 10
Period
Residuals | -5 -4 -3 -2 -1 +1 +2 +3 +4 +5

Plot the residuals with respect to time. What conclusion can you draw about the pattern
of the residuals over time?

iii. Compute the Durbin-Watson d-statistic and interpret it.

iv. What are the underlying assumptions of the*d” statistic? What alternative tests can be
used if these assumptions are not met?

v. Now suppose that in the regression given above errors are assumed to follow higher
order autoregressive process. It is also given that the auxiliary regression of estimated
residuals on original X and lagged values of estimated residuals gives an R? of 0.7498.
Obtain an appropriate test statistic to test for serial correlation. Outline the steps of the

test clearly. (18.75)
b) In the model Y; = B,X; + w; , Var (u; ) = 02X?
i, Show that Var (5,) o® X}
i. ow that Var = :
T Exh?

ii.  How would you use the Bresuch-Pagan-Godfrey test to check for the violation of
homoscedasticity?

iii.  How would you transform the model to correct for heteroscedasticity? What
assumptions are being made here in the process?

Q6) 37) SITHEAT TiclaTHeT Hherelel THFaR &, S8 AT AR (1) Ffshar o
3TTEROT el &

Ye = By + B2Xe + 1t

He = PpHe-1 T &
OLS T 39T Haled &l 3eTAT R & oIt FRMaR 10 HT 379 & fou

FHI-HGT ST &1 3UANT Hel o feIw famar S g
i e Ffear AR (1) T 3TEROT AT §, o TE ~GeAdH Al o IeTHTT

SO geTfad HIm?
ii. WEMAR 10 & 37afar & 3799 39 IR &
Time 1 2 3 4 5 6 7 8 9 10
Period

Residuals | -5 -4 -3 -2 -1 +1 +2 +3 +4 +5




ANl PN AT & TG H Tolic H| 3T FAT & T 7G9N & Jeod & IR

7 Fa7 vy Rerer T §7?

ii. sfd-areTs S-wefefed & avEr HfFT iR suHT e fifaT|

iv. ’d '3fsT $r afifRa aront Far €2 e s aRomt S qu AL R
ST § A &7 depfedess qY&Tol T 3931eT foRam ST Fehat 872

v. 39 A NPT fF FW T v Rawrer & Jfedr 3TaaR g gfskar
arelet A &1 I8 o feam e § R Jeganiela srafisel & Ho X W AR
Wﬁﬁ%ﬁ*ﬁ@%gﬁam*asmwmﬁﬁw 0.7498 gl
$hifeh FgEFa-Y & GET0T FA & U Teh IUerd TRIGTT 37iehsT Treel
HITSTA| GAETOT & IO l TS ®Y G IW@ifhd HTFT|

b) HISST H Y, = BoX; + ;. Var () = 02X

i. fe@ & Var (8,) = g )2(:12);:;

i. 39 FATIAT (homoscedasticity) & 3eoigsl &I Mg & foT STT-491a-
3w (Breusch-Pagan-Godfrey) TdI&ToT T 39ATeT i iar?

iii. 3T FAYAIIHRAT B GURA & AT & fAU AlsT B HY deoldr? 3H
gfehar & IgT AT YROT S5 ST WY 87 (18.75)




Appendix

Statistical Tables

Table D.1
Table D.2
Table D.3
Table D.4
Table D.5A

Table D.5B

Table D.6
Table D.7

Areas under the Standardized Normal Distribution
Percentage Points of the ¢ Distribution

Upper Percentage Points of the F Distribution
Upper Percentage Points of the x2 Distribution

Durbin—Watson d Statistic: Significance Points of d; and dy; at 0.05 Level
of Significance

Durbin—Watson d Statistic: Significance Points of d; and dy; at 0.01 Levels
of Significance

Critical Values of Runs in the Runs Test
1% and 5% Ceritical Dickey—Fuller # ( = ) and F Values for Unit Root Tests

877



878 Appendix D Statistical Tables

TABLE D.1 Example

Areas Under the Pr(0<2Z<1.96) = 04750

Standardized Normal 04750
Distribution Pr(Z>1.96)=0.5—-0.4750 = 0.025

0 1.96

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

.0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
.0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
.0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141
A179 1217 1255 1293 1331 1368 .1406 .1443 .1480 .1517
1554 1591 1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
1915 1950 1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224

2257 2291 .2324 2357 .2389 .2422 .2454 2486 .2517 .2549
.2580 .2611 .2642 .2673 .2704 .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

—~O00O0 O0O000O0o
cVoNO nhwih=o|N

1.1].3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
1.2 |.3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015
1.3 ].4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177
1.4 |.4192 4207 .4222 4236 .4251 .4265 .4279 .4292 .4306 .4319
1.5 | .4332 .4345 4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441
1.6 | .4452 4463 .4474 4484 .4495 4505 .4515 .4525 .4535 .4545
1.7 | .4454 4564 .4573 4582 .4591 .4599 .4608 .4616 .4625 .4633
1.8 | .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706
1.9 |.4713 4719 4726 4732 .4738 .4744 4750 .4756 .4761 .4767
20| .4772 4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817
2.1 | 4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857
2.2 | 4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890
2.3 |.4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916
2.4 | .4918 .4920 .4922 .4925 .4927 .4929 4931 .4932 .4934 .4936
2.5|.4938 .4940 .4941 .4943 4945 .4946 .4948 .4949 .4951 .4952
2.6 | 4953 4955 .4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964
2.7 | 4965 .4966 .4967 .4968 .4969 .4970 .4971 4972 .4973 .4974
2.8 | 4974 4975 .4976 4977 .4977 4978 .4979 4979 .4980 .4981
2.9 | 4981 .4982 .4982 .4983 .4984 .4984 4985 .4985 .4986 .4986
3.0 | .4987 4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990

Note: This table gives the area in the right-hand tail of the distribution (i.e., Z > 0). But since the normal distribution is
symmetrical about Z = 0, the area in the left-hand tail is the same as the area in the corresponding right-hand tail. For example,
P(—1.96 < Z < 0) = 0.4750. Therefore, P(—1.96 < Z < 1.96) = 2(0.4750) = 0.95.
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TABLE D.2 Examp|e
Percentage Points of Pr(t > 2.086) = 0.025
the ¢ Distribution ' ’
Pr(t > 1.725) =0.05 for df = 20 0.05
Source: S, d
00 ey el momera Pt >1.725)=0.10
Tables for Statisticians, vol. 1, ‘
3d ed., table 12, Cambrid,
Unievers;y ;ress, I?Irenwr‘}oif, 0 1.725
1966.4 Rgpmduced bY
e oot Pr| 025 | 010 | 005 | 0025 | 001 | 0.005 | 0.001
df 0.50 0.20 0.10 0.05 0.02 0.010 0.002
1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 2.920 4.303 6.965 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 2.776 3.747 4.604 7173
5 0.727 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1.440 1.943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.365 2.998 3.499 4.785
8 0.706 1.397 1.860 2.306 2.896 3.355 4.501
9 0.703 1.383 1.833 2.262 2.821 3.250 4,297
10 0.700 1.372 1.812 2.228 2.764 3.169 4.144
11 0.697 1.363 1.796 2.201 2.718 3.106 4.025
12 0.695 1.356 1.782 2.179 2.681 3.055 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 1.753 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 2.101 2.552 2.878 3.610
19 0.688 1.328 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2.528 2.845 3.552
21 0.686 1.323 1.721 2.080 2.518 2.831 3.527
22 0.686 1.321 1.717 2.074 2.508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0.685 1.318 1.711 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2.787 3.450
26 0.684 1.315 1.706 2.056 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 2.423 2.704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 1.980 2.358 2.617 3.160
o0 0.674 1.282 1.645 1.960 2.326 2.576 3.090

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 tails.



880 Appendix D Statistical Tables

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

Pr(F > 1.59) =0.25

Pr(F > 2.42)=0.10 for df Ny =10

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

Pr(F > 5.26) = 0.01

5% area

/ 1% area
/

F
0 3.14 5.26
df for
f:ienom- df for numerator N,
inator
N, Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.36 9.41
1 .10 399 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2 60.5 60.7
.05 161 200 216 225 230 234 237 239 241 242 243 244
.25 2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 3.39
2 .10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.40 9.41
.05 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4
.01 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4
.25 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.44 2.44 2.45 2.45
3 .10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.22
.05 10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.76 8.74
.01  34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 27.1 27.1
.25 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2.08
4 .10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.91 3.90
.05 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.94 5.91
.01 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 14.5 14.4 14.4
.25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89
5 .10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.28 3.27
.05 6.61 5.79 5.41 5.19 5.05 495 4.88 4.82 4.77 4.74 4.71 4.68
.01 16.3 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2 10.1 9.96 9.89
.25 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.77
6 .10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.92 2.90
.05 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 4.00
.01  13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 7.72
.25 1.57 1.70 1.72 1.72 1.71 1.71 1.70 1.70 1.69 1.69 1.69 1.68
7 .10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70 2.68 2.67
.05 5.59 4.74 4.35 412 3.97 3.87 3.79 3.73 3.68 3.64 3.60 3.57
.01 122 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47
.25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 1.62
8 .10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.52 2.50
.05 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.31 3.28
.01 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.73 5.67
.25 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58
9 .10 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.40 2.38
.05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.10 3.07
.01  10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.18 5.11

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

Reproduced by permission of the editors and trustees of Biometrika.
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df for
df for numerator N, denom-
inator
15 20 24 30 40 50 60 100 120 200 500 [e's) Pr N,
9.49 9.58 9.63 9.67 9.71 9.74 9.76 9.78 9.80 9.82 9.84 9.85 .25
61.2 61.7 62.0 62.3 62.5 62.7 62.8 63.0 63.1 63.2 63.3 63.3 .10 1
246 248 249 250 251 252 252 253 253 254 254 254 .05
3.41 3.43 3.43 3.44 3.45 3.45 3.46 3.47 3.47 3.48 3.48 3.48 .25
9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.48 9.49 9.49 9.49 .10 5
19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 .05
99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 .01
2.46 2.46 2.46 2.47 2.47 2.47 2.47 2.47 2.47 2.47 2.47 247 .25
5.20 5.18 5.18 5.17 5.16 5.15 5.15 5.14 5.14 5.14 5.14 513 .10 3
8.70 8.66 8.64 8.62 8.59 8.58 8.57 8.55 8.55 8.54 8.53 8.53 .05
26.9 26.7 26.6 26.5 26.4 26.4 26.3 26.2 26.2 26.2 26.1 26.1 .01
2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 .25
3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.78 3.77 3.76 3.76 .10 4
5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.66 5.65 5.64 5.63 .05
14.2 14.0 13.9 13.8 13.7 13.7 13.7 13.6 13.6 13.5 13.5 13.5 .01
1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.87 1.87 .25
3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.13 3.12 3.12 3.11 3.10 .10 5
4.62 4.56 4.53 4.50 4.46 4.44 4.43 4.41 4.40 4.39 4.37 436 .05
9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04 9.02 .01
1.76 1.76 1.75 1.75 1.75 1.75 1.74 1.74 1.74 1.74 1.74 1.74 .25
2.87 2.84 2.82 2.80 2.78 2.77 2.76 2.75 2.74 2.73 2.73 272 .10 6
3.94 3.87 3.84 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 3.67 .05
7.56 7.40 7.31 7.23 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.88 .01
1.68 1.67 1.67 1.66 1.66 1.66 1.65 1.65 1.65 1.65 1.65 1.65 .25
2.63 2.59 2.58 2.56 2.54 2.52 2.51 2.50 2.49 2.48 2.48 2.47 .10 7
3.51 3.44 3.41 3.38 3.34 3.32 3.30 3.27 3.27 3.25 3.24 3.23 .05
6.31 6.16 6.07 5.99 5.91 5.86 5.82 5.75 5.74 5.70 5.67 5.65 .01
1.62 1.61 1.60 1.60 1.59 1.59 1.59 1.58 1.58 1.58 1.58 1.58 .25
2.46 2.42 2.40 2.38 2.36 2.35 2.34 2.32 2.32 2.31 2.30 229 .10 8
3.22 3.15 3.12 3.08 3.04 2.02 3.01 2.97 2.97 2.95 2.94 293 .05
5.52 5.36 5.28 5.20 5.12 5.07 5.03 4.96 4.95 4.91 4.88 486 .01
1.57 1.56 1.56 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 1.53 .25
2.34 2.30 2.28 2.25 2.23 2.22 2.21 2.19 2.18 2.17 2.17 2.16 .10 9
3.01 2.94 2.90 2.86 2.83 2.80 2.79 2.76 2.75 2.73 2.72 2.71 .05
4.96 4.81 4.73 4.65 4.57 4.52 4.48 4.42 4.40 4.36 4.33 431 .01

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

df for
.denom- df for numerator N,
inator
N> Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 1.49 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 1.55 1.55 1.54
10 .10 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32 2.30 2.28
.05 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.94 291
.01 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.77 4.71
.25 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 1.53 1.52 1.52 1.51
1 .10 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27 2.25 2.23 2.21
.05 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.82 2.79
.01 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.46 4.40
.25 1.46 1.56 1.56 1.55 1.54 1.53 1.52 1.51 1.51 1.50 1.50 1.49
12 .10 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19 217 2.15
.05 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.72 2.69
.01 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.22 416
.25 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.47
13 .10 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 212 2.10
.05 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.63 2.60
.01 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 4.02 3.96
.25 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.46 1.46 1.45
14 .10 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.08 2.05
.05 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60 2.57 2.53
.01 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.86 3.80
.25 1.43 1.52 1.52 1.51 1.49 1.48 1.47 1.46 1.46 1.45 1.44 1.44
15 .10 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 2.06 2.04 2.02
.05 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.51 2.48
.01 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67
.25 1.42 1.51 1.51 1.50 1.48 1.47 1.46 1.45 1.44 1.44 1.44 1.43
16 .10 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03 2.01 1.99
.05 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.46 2.42
.01 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.62 3.55
.25 1.42 1.51 1.50 1.49 1.47 1.46 1.45 1.44 1.43 1.43 1.42 1.41
17 .10 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 1.98 1.96
.05 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.41 2.38
.01 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 3.46
.25 1.41 1.50 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.42 1.41 1.40
18 .10 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00 1.98 1.96 1.93
.05 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34
.01 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.43 3.37
.25 1.41 1.49 1.49 1.47 1.46 1.44 1.43 1.42 1.41 1.41 1.40 1.40
19 .10 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 1.96 1.94 1.91
.05 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.34 2.31
.01 8.18 5.93 5.01 4.50 417 3.94 3.77 3.63 3.52 3.43 3.36 3.30
.25 1.40 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.41 1.40 1.39 1.39
20 .10 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.92 1.89
.05 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.31 2.28
.01 8.10 5.85 4.94 4.43 410 3.87 3.70 3.56 3.46 3.37 3.29 3.23
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df for
df for numerator N; denom-
inator

15 20 24 30 40 50 60 100 120 200 500 ) Pr N,
1.53 1.52 1.52 1.51 1.51 1.50 1.50 1.49 1.49 1.49 1.48 1.48 .25

2.24 2.20 2.18 2.16 213 212 2.11 2.09 2.08 2.07 2.06 2.06 .10 10
2.85 2.77 2.74 2.70 2.66 2.64 2.62 2.59 2.58 2.56 2.55 2.54 .05

4.56 4.41 4.33 4.25 417 4.2 4.08 4.01 4.00 3.96 3.93 3.91 .01

1.50 1.49 1.49 1.48 1.47 1.47 1.47 1.46 1.46 1.46 1.45 1.45 .25

217 2.12 2.10 2.08 2.05 2.04 2.03 2.00 2.00 1.99 1.98 1.97 .10 11
2.72 2.65 2.61 2.57 2.53  2.51 2.49 2.46 2.45 2.43 242  2.40 .05

4.25 4.10 4.02 3.94 3.86 3.81 3.78 3.71 3.69 3.66 3.62 3.60 .01

1.48 1.47 1.46 1.45 1.45 1.44 1.44 1.43 1.43 1.43 1.42 1.42 .25

2.10 2.06 2.04 2.01 1.99 1.97 1.96 1.94 1.93 1.92 1.91 1.90 .10 12
2.62 2.54 2.51 2.47 243  2.40 2.38 2.35 2.34 2.32 2.31 2.30 .05

4.01 3.86 3.78 3.70 3.62 3.57 3.54 3.47 3.45 3.41 3.38 3.36 .01

1.46 1.45 1.44 1.43 1.42 1.42 1.42 1.41 1.41 1.40 1.40 1.40 .25

2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.88 1.86 1.85 1.85 .10 13
2.53 2.46 2.42 2.38 234 231 2.30 2.26 2.25 2.23 222 221 .05

3.82 3.66 3.59 3.51 3.43 3.38 3.34 3.27 3.25 3.22 319 3.7 .01

1.44 1.43 1.42 1.41 1.41 1.40 1.40 1.39 1.39 1.39 1.38 1.38 .25

2.01 1.96 1.94 1.91 1.89 1.87 1.86 1.83 1.83 1.82 1.80 1.80 .10 14
2.46 2.39 2.35 2.31 227 224 2.22 2.19 2.18 2.16 214 213 .05

3.66 3.51 3.43 3.35 3.27 3.22 3.18 3.11 3.09 3.06 3.03 3.00 .01

1.43 1.41 1.41 1.40 1.39 1.39 1.38 1.38 1.37 1.37 1.36 1.36 .25

1.97 1.92 1.90 1.87 1.85 1.83 1.82 1.79 1.79 1.77 1.76 1.76 .10 15
2.40 2.33 2.29 2.25 220 2.18 2.16 2.12 2.11 2.10 2.08 2.07 .05

3.52 3.37 3.29 3.21 3.13 3.08 3.05 2.98 2.96 2.92 2.89 2.87 .01

1.41 1.40 1.39 1.38 1.37 1.37 1.36 1.36 1.35 1.35 1.34 1.34 .25

1.94 1.89 1.87 1.84 1.81 1.79 1.78 1.76 1.75 1.74 1.73 1.72 .10 16
2.35 2.28 2.24 2.19 215 212 2.11 2.07 2.06 2.04 2.02 2.01 .05

3.41 3.26 3.18 3.10 3.02 297 2.93 2.86 2.84 2.81 2.78 275 .01

1.40 1.39 1.38 1.37 1.36 1.35 1.35 1.34 1.34 1.34 1.33 1.33 .25

1.91 1.86 1.84 1.81 1.78 1.76 1.75 1.73 1.72 1.71 1.69 1.69 .10 17
2.31 2.23 2.19 2.15 2.10 2.08 2.06 2.02 2.01 1.99 1.97 1.96 .05

3.31 3.16 3.08 3.00 292 287 2.83 2.76 2.75 2.71 2.68  2.65 .01

1.39 1.38 1.37 1.36 1.35 1.34 1.34 1.33 1.33 1.32 1.32  1.32 .25

1.89 1.84 1.81 1.78 1.75 1.74 1.72 1.70 1.69 1.68 1.67 1.66 .10 18
2.27 2.19 2.15 2.11 2.06 2.04 2.02 1.98 1.97 1.95 1.93 1.92 .05

3.23 3.08 3.00 2.92 2.84 278 2.75 2.68 2.66 2.62 2.59 257 .01

1.38 1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.32 1.31 1.31 1.30 .25

1.86 1.81 1.79 1.76 1.73 1.71 1.70 1.67 1.67 1.65 1.64 1.63 .10 19
2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.94 1.93 1.91 1.89 1.88 .05

3.15 3.00 2.92 2.84 276  2.71 2.67 2.60 2.58 2.55 2.51 2.49 .01

1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.31 1.31 1.30 1.30 1.29 .25

1.84 1.79 1.77 1.74 1.71 1.69 1.68 1.65 1.64 1.63 1.62 1.61 .10 20
2.20 212 2.08 2.04 1.99 1.97 1.95 1.91 1.90 1.88 1.86 1.84 .05

3.09 2.94 2.86 2.78 2.69 2.64 2.61 2.54 2.52 2.48 244  2.42 .01

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

df for
.denom- df for numerator N,
inator
N, Pr 1 2 3 4 5 6 7 8 9 10 11 12
.25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
22 .10 2.95 2.56 2.35 2.22 213 2.06 2.01 1.97 1.93 1.90 1.88 1.86
.05 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.26 2.23
.01 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 3.12
.25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 .10 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.85 1.83
.05 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.21 2.18
.01 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.09 3.03
.25 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.36 1.35
26 .10 2.91 2.52 2.31 217 2.08 2.01 1.96 1.92 1.88 1.86 1.84 1.81
.05 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 2.15
.01 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 3.02 2.96
.25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34
28 .10 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.81 1.79
.05 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.15 2.12
.01 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90
.25 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.35 1.35 1.34
30 .10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.79 1.77
.05 417 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.13 2.09
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.91 2.84
.25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31
40 .10 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.73 1.71
.05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00
.01 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.73 2.66
.25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29
60 .10 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68 1.66
.05 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92
.01 7.08 4.98 413 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.56 2.50
.25 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.27 1.26
120 .10 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.62 1.60
.05 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.87 1.83
.01 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.40 2.34
.25 1.33 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 1.25
200 .10 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66 1.63 1.60 1.57
.05 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93 1.88 1.84 1.80
.01 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 2.41 2.34 2.27
.25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.24
.10 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.57 1.55
o0 .05 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.75
.01 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.25 2.18
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df for
df for numerator N; denom-
inator
15 20 24 30 40 50 60 100 120 200 500 ) Pr N,
1.36 1.34 1.33 1.32 1.31 1.31 1.30 1.30 1.30 1.29 1.29 1.28 .25
1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.61 1.60 1.59 1.58 1.57 .10 22
2.15 2.07 2.03 1.98 1.94 1.91 1.89 1.85 1.84 1.82 1.80 1.78 .05
2.98 2.83 2.75 2.67 2.58 2.53 2.50 2.42 2.40 2.36 233 231 .01
1.35 1.33 1.32 1.31 1.30 1.29 1.29 1.28 1.28 1.27 1.27 1.26 .25
1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.58 1.57 1.56 1.54 1.53 .10 24
2.11 2.03 1.98 1.94 1.89 1.86 1.84 1.80 1.79 1.77 1.75 1.73 .05
2.89 2.74 2.66 2.58 249 2.44 2.40 2.33 2.31 2.27 224  2.21 .01
1.34 1.32 1.31 1.30 1.29 1.28 1.28 1.26 1.26 1.26 1.25 1.25 .25
1.76 1.71 1.68 1.65 1.61 1.59 1.58 1.55 1.54 1.53 1.51 1.50 .10 2%
2.07 1.99 1.95 1.90 1.85 1.82 1.80 1.76 1.75 1.73 1.71 1.69 .05
2.81 2.66 2.58 2.50 242 236 2.33 2.25 2.23 2.19 216 213 .01
1.33 1.31 1.30 1.29 1.28 1.27 1.27 1.26 1.25 1.25 1.24 1.24 .25
1.74 1.69 1.66 1.63 1.59 1.57 1.56 1.53 1.52 1.50 1.49 1.48 .10 28
2.04 1.96 1.91 1.87 1.82 1.79 1.77 1.73 1.71 1.69 1.67 1.65 .05
2.75 2.60 2.52 2.44 235 230 2.26 2.19 2.17 2.13 2.09 2.06 .01
1.32 1.30 1.29 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 1.57 1.55 1.54 1.51 1.50 1.48 1.47 1.46 .10 30
2.01 1.93 1.89 1.84 1.79 1.76 1.74 1.70 1.68 1.66 1.64 1.62 .05
2.70 2.55 2.47 2.39 230 2.25 2.21 2.13 2.11 2.07 2.03 2.01 .01
1.30 1.28 1.26 1.25 1.24 1.23 1.22 1.21 1.21 1.20 1.19 1.19 .25
1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.43 1.42 1.41 1.39 1.38 .10 40
1.92 1.84 1.79 1.74 1.69 1.66 1.64 1.59 1.58 1.55 1.53 1.51 .05
2.52 2.37 2.29 2.20 2.11 2.06 2.02 1.94 1.92 1.87 1.83 1.80 .01
1.27 1.25 1.24 1.22 1.21 1.20 1.19 1.17 1.17 1.16 1.15 1.15 .25
1.60 1.54 1.51 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.31 1.29 .10 60
1.84 1.75 1.70 1.65 1.59 1.56 1.53 1.48 1.47 1.44 1.41 1.39 .05
2.35 2.20 2.12 2.03 1.94 1.88 1.84 1.75 1.73 1.68 1.63 1.60 .01
1.24 1.22 1.21 1.19 1.18 1.17 1.16 1.14 1.13 1.12 1.11 1.10 .25
1.55 1.48 1.45 1.41 1.37 1.34 1.32 1.27 1.26 1.24 1.21 1.19 .10 120
1.75 1.66 1.61 1.55 1.50 1.46 1.43 1.37 1.35 1.32 1.28 1.25 .05
2.19 2.03 1.95 1.86 1.76 1.70 1.66 1.56 1.53 1.48 1.42 1.38 .01
1.23 1.21 1.20 1.18 1.16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 .25
1.52 1.46 1.42 1.38 1.34 1.31 1.28 1.24 1.22 1.20 117 1.14 .10 200
1.72 1.62 1.57 1.52 1.46 1.41 1.39 1.32 1.29 1.26 1.22  1.19 .05
2.13 1.97 1.89 1.79 1.69 1.63 1.58 1.48 1.44 1.39 1.33 1.28 .01
1.22 1.19 1.18 1.16 1.14 1.13 1.12 1.09 1.08 1.07 1.04 1.00 .25
1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 .10
1.67 1.57 1.52 1.46 1.39 1.35 1.32 1.24 1.22 1.17 1.11 1.00 .05 o
2.04 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 1.15 1.00 .01
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TABLE D.4 Examp|e
Upper Percentage 2 25% area
& 5 Pr(x“ > 10.85) = 0.95 95% area
Points of the x 5
Distribution Pr(x“ > 23.83) =0.25 for df = 20
Pr(x? > 31.41) =0.05 59 area
| .
0 10.85 23.83 31.41
Degrees\ Pr
of freedom 995 .990 975 .950 .900
1 392704 x 107'% 157088 x 10~° 982069 x 10~° 393214 x 108 .0157908
2 .0100251 .0201007 .0506356 .102587 .210720
3 .0717212 .114832 215795 .351846 .584375
4 .206990 .297110 484419 710721 1.063623
5 411740 .554300 .831211 1.145476 1.61031
6 .675727 .872085 1.237347 1.63539 2.20413
7 .989265 1.239043 1.68987 2.16735 2.83311
8 1.344419 1.646482 2.17973 2.73264 3.48954
9 1.734926 2.087912 2.70039 3.32511 4.16816
10 2.15585 2.55821 3.24697 3.94030 4.86518
11 2.60321 3.05347 3.81575 4.57481 5.57779
12 3.07382 3.57056 4.40379 5.22603 6.30380
13 3.56503 4.10691 5.00874 5.89186 7.04150
14 4.07468 4.66043 5.62872 6.57063 7.78953
15 4.60094 5.22935 6.26214 7.26094 8.54675
16 5.14224 5.81221 6.90766 7.96164 9.31223
17 5.69724 6.40776 7.56418 8.67176 10.0852
18 6.26481 7.01491 8.23075 9.39046 10.8649
19 6.84398 7.63273 8.90655 10.1170 11.6509
20 7.43386 8.26040 9.59083 10.8508 12.4426
21 8.03366 8.89720 10.28293 11.5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14.0415
23 9.26042 10.19567 11.6885 13.0905 14.8479
24 9.88623 10.8564 12.4011 13.8484 15.6587
25 10.5197 11.5240 13.1197 14.6114 16.4734
26 11.1603 12.1981 13.8439 15.3791 17.2919
27 11.8076 12.8786 14.5733 16.1513 18.1138
28 12.4613 13.5648 15.3079 16.9279 18.9392
29 13.1211 14.2565 16.0471 17.7083 19.7677
30 13.7867 14.9535 16.7908 18.4926 20.5992
40 20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34.7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46.4589
70 43.2752 45.4418 48.7576 51.7393 55.3290
80 51.1720 53.5400 57.1532 60.3915 64.2778
90 59.1963 61.7541 65.6466 69.1260 73.2912
100* 67.3276 70.0648 74.2219 77.9295 82.3581

*For df greater than 100 the expression 4/2x> — A2k — 1) = Z follows the standardized normal distribution, where k represents
the degrees of freedom.
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.750 .500 .250 .100 .050 .025 .010 .005
.1015308 454937 1.32330 2.70554 3.84146 5.02389 6.63490 7.87944
.575364 1.38629 2.77259 4.60517 5.99147 7.37776 9.21034 10.5966

1.212534 2.36597 4.10835 6.25139 7.81473 9.34840 11.3449 12.8381
1.92255 3.35670 5.38527 7.77944 9.48773 11.1433 13.2767 14.8602
2.67460 4.35146 6.62568 9.23635 11.0705 12.8325 15.0863 16.7496
3.45460 5.34812 7.84080 10.6446 12.5916 14.4494 16.8119 18.5476
4.25485 6.34581 9.03715 12.0170 14.0671 16.0128 18.4753 20.2777
5.07064 7.34412 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
5.89883 8.34283 11.3887 14.6837 16.9190 19.0228 21.6660 23.5893
6.73720 9.34182 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
7.58412 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
8.43842 11.3403 14.8454 18.5494 21.0261 23.3367 26.2170 28.2995
9.29906 12.3398 15.9839 19.8119 22.3621 24.7356 27.6883 29.8194
10.1653 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 31.3193
11.0365 14.3389 18.2451 22.3072 24.9958 27.4884 30.5779 32.8013
11.9122 15.3385 19.3688 23.5418 26.2962 28.8454 31.9999 34.2672
12.7919 16.3381 20.4887 24.7690 27.5871 30.1910 33.4087 35.7185
13.6753 17.3379 21.6049 25.9894 28.8693 31.5264 34.8053 37.1564
14.5620 18.3376 22.7178 27.2036 30.1435 32.8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1696 37.5662 39.9968
16.3444 20.3372 24.9348 29.6151 32.6705 35.4789 38.9321 41.4010
17.2396 21.3370 26.0393 30.8133 33.9244 36.7807 40.2894 42.7956
18.1373 22.3369 27.1413 32.0069 35.1725 38.0757 41.6384 44.1813
19.0372 23.3367 28.2412 33.1963 36.4151 39.3641 42.9798 45.5585
19.9393 24.3366 29.3389 34.3816 37.6525 40.6465 44.3141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
21.7494 26.3363 31.5284 36.7412 40.1133 43.1944 46.9630 49.6449
22.6572 27.3363 32.6205 37.9159 41.3372 44.4607 48.2782 50.9933
23.5666 28.3362 33.7109 39.0875 42.5569 45.7222 49.5879 52.3356
24.4776 29.3360 34.7998 40.2560 43.7729 46.9792 50.8922 53.6720
33.6603 39.3354 45.6160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 49.3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
52.2938 59.3347 66.9814 74.3970 79.0819 83.2976 88.3794 91.9517
61.6983 69.3344 77.5766 85.5271 90.5312 95.0231 100.425 104.215
71.1445 79.3343 88.1303 96.5782 101.879 106.629 112.329 116.321
80.6247 89.3342 98.6499 107.565 113.145 118.136 124116 128.299
90.1332 99.3341 109.141 118.498 124.342 129.561 135.807 140.169

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

Reproduced by permission of the editors and trustees of Biometrika.
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TABLE D.5A Durbin—-Watson d Statistic: Significance Points of d; and dy at 0.05 Level of Significance

k=1 k=2 K=3 k=4 K=5 k=6 K=7 k=8 K=9 K'=10
n d dy d dy d dy d dy d dy d dy d dy d dy di dy d dy
6 0.610 1.400 — — — — — — — — — — — — — — — — — —
7 0.700 1.356 0.467 1.896 — — — — — — — — — — — — — — — —
8 0.763 1.332 0.559 1.777 0.368 2.287 — — — — — — — — — — — — — —
9 0.824 1.320 0.629 1.699 0.455 2.128 0.296 2.588 — — — — — — — — — — — —
10 0.879 1.320 0.697 1.641 0.525 2.016 0.376 2.414 0.243 2.822 — — — — — — — — — —
11 0.927 1.324 0.658 1.604 0.595 1.928 0.444 2.283 0.316 2.645 0.203 3.005 — — — — — — — —
12 0971 1.331 0.812 1.579 0.658 1.864 0.512 2.177 0.379 2.506 0.268 2.832 0.171 3.149 — — — — — —
13 1.010 1.340 0.861 1.562 0.715 1.816 0.574 2.094 0.445 2.390 0.328 2.692 0.230 2.985 0.147 3.266 — — — —
14 1.045 1.350 0.905 1.551 0.767 1.779 0.632 2.030 0.505 2.296 0.389 2.572 0.286 2.848 0.200 3.111 0.127 3.360 — —
15 1.077 1.361 0.946 1.543 0.814 1.750 0.685 1.977 0.562 2.220 0.447 2.472 0.343 2.727 0.251 2979 0.175 3.216 0.111 3.438
16 1.106 1.371 0.982 1.539 0.857 1.728 0.734 1.935 0.615 2.157 0.502 2.388 0.398 2.624 0.304 2.860 0.222 3.090 0.155 3.304
17 1.133 1.381 1.015 1.536 0.897 1.710 0.779 1.900 0.664 2.104 0.554 2.318 0.451 2.537 0.356 2.757 0.272 2.975 0.198 3.184
18 1.158 1.391 1.046 1.535 0.933 1.696 0.820 1.872 0.710 2.060 0.603 2.257 0.502 2.461 0.407 2.667 0.321 2.873 0.244 3.073
19 1.180 1.401 1.074 1.536 0.967 1.685 0.859 1.848 0.752 2.023 0.649 2.206 0.549 2.396 0.456 2.589 0.369 2.783 0.290 2.974
20 1.201 1.411 1.100 1.537 0.998 1.676 0.894 1.828 0.792 1.991 0.692 2.162 0.595 2.339 0.502 2.521 0.416 2.704 0.336 2.885
21 1.221 1.420 1.125 1.538 1.026 1.669 0.927 1.812 0.829 1.964 0.732 2.124 0.637 2.290 0.547 2.460 0.461 2.633 0.380 2.806
22 1.239 1.429 1.147 1.541 1.053 1.664 0.958 1.797 0.863 1.940 0.769 2.090 0.677 2.246 0.588 2.407 0.504 2.571 0.424 2.734
23 1.257 1.437 1.168 1.543 1.078 1.660 0.986 1.785 0.895 1.920 0.804 2.061 0.715 2.208 0.628 2.360 0.545 2.514 0.465 2.670
24 1.273 1.446 1.188 1.546 1.101 1.656 1.013 1.775 0.925 1.902 0.837 2.035 0.751 2.174 0.666 2.318 0.584 2.464 0.506 2.613
25 1.288 1.454 1.206 1.550 1.123 1.654 1.038 1.767 0.953 1.886 0.868 2.012 0.784 2.144 0.702 2.280 0.621 2.419 0.544 2.560
26 1.302 1.461 1.224 1.553 1.143 1.652 1.062 1.759 0.979 1.873 0.897 1.992 0.816 2.117 0.735 2.246 0.657 2.379 0.581 2.513
27 1.316 1.469 1.240 1.556 1.162 1.651 1.084 1.753 1.004 1.861 0.925 1.974 0.845 2.093 0.767 2.216 0.691 2.342 0.616 2.470
28 1.328 1.476 1.255 1.560 1.181 1.650 1.104 1.747 1.028 1.850 0.951 1.958 0.874 2.071 0.798 2.188 0.723 2.309 0.650 2.431
29 1.341 1.483 1.270 1.563 1.198 1.650 1.124 1.743 1.050 1.841 0.975 1.944 0.900 2.052 0.826 2.164 0.753 2.278 0.682 2.396
30 1.352 1.489 1.284 1.567 1.214 1.650 1.143 1.739 1.071 1.833 0.998 1.931 0.926 2.034 0.854 2.141 0.782 2.251 0.712 2.363
31 1.363 1.496 1.297 1.570 1.229 1.650 1.160 1.735 1.090 1.825 1.020 1.920 0.950 2.018 0.879 2.120 0.810 2.226 0.741 2.333
32 1.373 1.502 1.309 1.574 1.244 1.650 1.177 1.732 1.109 1.819 1.041 1.909 0.972 2.004 0.904 2.102 0.836 2.203 0.769 2.306
33 1.383 1.508 1.321 1.577 1.258 1.651 1.193 1.730 1.127 1.813 1.061 1.900 0.994 1.991 0.927 2.085 0.861 2.181 0.795 2.281
34 1.393 1.514 1.333 1.580 1.271 1.652 1.208 1.728 1.144 1.808 1.080 1.891 1.015 1.979 0.950 2.069 0.885 2.162 0.821 2.257
35 1.402 1.519 1.343 1.584 1.283 1.653 1.222 1.726 1.160 1.803 1.097 1.884 1.034 1.967 0.971 2.054 0.908 2.144 0.845 2.236
36 1.411 1.525 1.354 1.587 1.295 1.654 1.236 1.724 1.175 1.799 1.114 1.877 1.053 1.957 0.991 2.041 0.930 2.127 0.868 2.216
37 1.419 1.530 1.364 1.590 1.307 1.655 1.249 1.723 1.190 1.795 1.131 1.870 1.071 1.948 1.011 2.029 0.951 2.112 0.891 2.198
38 1.427 1.535 1.373 1.594 1.318 1.656 1.261 1.722 1.204 1.792 1.146 1.864 1.088 1.939 1.029 2.017 0.970 2.098 0.912 2.180
39 1.435 1.540 1.382 1.597 1.328 1.658 1.273 1.722 1.218 1.789 1.161 1.859 1.104 1.932 1.047 2.007 0.990 2.085 0.932 2.164
40 1.442 1.544 1.391 1.600 1.338 1.659 1.285 1.721 1.230 1.786 1.175 1.854 1.120 1.924 1.064 1.997 1.008 2.072 0.952 2.149
45 1.475 1.566 1.430 1.615 1.383 1.666 1.336 1.720 1.287 1.776 1.238 1.835 1.189 1.895 1.139 1.958 1.089 2.022 1.038 2.088
50 1.503 1.585 1.462 1.628 1.421 1.674 1.378 1.721 1.335 1.771 1.291 1.822 1.246 1.875 1.201 1.930 1.156 1.986 1.110 2.044
55 1.528 1.601 1.490 1.641 1.452 1.681 1.414 1.724 1.374 1.768 1.334 1.814 1.294 1.861 1.253 1.909 1.212 1.959 1.170 2.010
60 1.549 1.616 1.514 1.652 1.480 1.689 1.444 1.727 1.408 1.767 1.372 1.808 1.335 1.850 1.298 1.894 1.260 1.939 1.222 1.984
65 1.567 1.629 1.536 1.662 1.503 1.696 1.471 1.731 1.438 1.767 1.404 1.805 1.370 1.843 1.336 1.882 1.301 1.923 1.266 1.964
70 1.583 1.641 1.554 1.672 1.525 1.703 1.494 1.735 1.464 1.768 1.433 1.802 1.401 1.837 1.369 1.873 1.337 1.910 1.305 1.948
75 1.598 1.652 1.571 1.680 1.543 1.709 1.515 1.739 1.487 1.770 1.458 1.801 1.428 1.834 1.399 1.867 1.369 1.901 1.339 1.935
80 1.611 1.662 1.586 1.688 1.560 1.715 1.534 1.743 1.507 1.772 1.480 1.801 1.453 1.831 1.425 1.861 1.397 1.893 1.369 1.925
85 1.624 1.671 1.600 1.696 1.575 1.721 1.550 1.747 1.525 1.774 1.500 1.801 1.474 1.829 1.448 1.857 1.422 1.886 1.396 1.916
90 1.635 1.679 1.612 1.703 1.589 1.726 1.566 1.751 1.542 1.776 1.518 1.801 1.494 1.827 1.469 1.854 1.445 1.881 1.420 1.909
95 1.645 1.687 1.623 1.709 1.602 1.732 1.579 1.755 1.557 1.778 1.535 1.802 1.512 1.827 1.489 1.852 1.465 1.877 1.442 1.903
100 1.654 1.694 1.634 1.715 1.613 1.736 1.592 1.758 1.571 1.780 1.550 1.803 1.528 1.826 1.506 1.850 1.484 1.874 1.462 1.898
150 1.720 1.746 1.706 1.760 1.693 1.774 1.679 1.788 1.665 1.802 1.651 1.817 1.637 1.832 1.622 1.847 1.608 1.862 1.594 1.877
200 1.758 1.778 1.748 1.789 1.738 1.799 1.728 1.810 1.718 1.820 1.707 1.831 1.697 1.841 1.686 1.852 1.675 1.863 1.665 1.874
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K =11 k=12 k=13 kK =14 k=15 K =16 K =17 k=18 k=19 k' =20

n d dy d; dy d dy d dy dy dy d dy d dy dp dy d dy d dy

16 0.098 3.503 — — — — — — — — — — — — — — — — — —
17 0.138 3.378 0.087 3.557 — = = = = = = = = = = = = = = =
18 0.177 3.265 0.123 3.441 0.078 3.603 — — — — — — — — — — — — — —
19 0.220 3.159 0.160 3.335 0.111 3.496 0.070 3.642 — = = = = = = = = = = =
20 0.263 3.063 0.200 3.234 0.145 3.395 0.100 3.542 0.063 3.676 — — — — — — — — — —
21 0.307 2976 0.240 3.141 0.182 3.300 0.132 3.448 0.091 3.583 0.058 3.705 — = = = = = = =
22 0.349 2.897 0.281 3.057 0.220 3.211 0.166 3.358 0.120 3.495 0.083 3.619 0.052 3.731 — — — — — —
23 0.391 2.826 0.322 2979 0.259 3.128 0.202 3.272 0.153 3.409 0.110 3.535 0.076 3.650 0.048 3.753 — = = =
24 0.431 2761 0.362 2908 0.297 3.053 0.239 3.193 0.186 3.327 0.141 3.454 0.101 3.572 0.070 3.678 0.044 3.773 — —
25 0.470 2.702 0.400 2.844 0.335 2983 0.275 3.119 0.221 3.251 0.172 3.376 0.130 3.494 0.094 3.604 0.065 3.702 0.041 3.790
26 0.508 2.649 0.438 2.784 0.373 2919 0.312 3.051 0.256 3.179 0.205 3.303 0.160 3.420 0.120 3.531 0.087 3.632 0.060 3.724
27 0.544 2.600 0.475 2.730 0.409 2.859 0.348 2.987 0.291 3.112 0.238 3.233 0.191 3.349 0.149 3.460 0.112 3.563 0.081 3.658
28 0.578 2.555 0.510 2.680 0.445 2.805 0.383 2.928 0.325 3.050 0.271 3.168 0.222 3.283 0.178 3.392 0.138 3.495 0.104 3.592
29 0.612 2.515 0.544 2.634 0.479 2.755 0.418 2.874 0.359 2.992 0.305 3.107 0.254 3.219 0.208 3.327 0.166 3.431 0.129 3.528
30 0.643 2.477 0.577 2.592 0.512 2.708 0.451 2.823 0.392 2937 0.337 3.050 0.286 3.160 0.238 3.266 0.195 3.368 0.156 3.465
31 0.674 2.443 0.608 2.553 0.545 2.665 0.484 2.776 0.425 2.887 0.370 2.996 0.317 3.103 0.269 3.208 0.224 3.309 0.183 3.406
32 0.703 2411 0.638 2.517 0.576 2.625 0.515 2.733 0.457 2.840 0.401 2946 0.349 3.050 0.299 3.153 0.253 3.252 0.211 3.348
33 0.731 2.382 0.668 2.484 0.606 2.588 0.546 2.692 0.488 2.796 0.432 2.899 0.379 3.000 0.329 3.100 0.283 3.198 0.239 3.293
34 0.758 2355 0.695 2.454 0.634 2.554 0.575 2.654 0.518 2.754 0.462 2.854 0.409 2.954 0.359 3.051 0.312 3.147 0.267 3.240
35 0.783 2330 0.722 2.425 0.662 2.521 0.604 2.619 0.547 2.716 0.492 2.813 0.439 2910 0.388 3.005 0.340 3.099 0.295 3.190
36 0.808 2.306 0.748 2.398 0.689 2.492 0.631 2.586 0.575 2.680 0.520 2.774 0.467 2.868 0.417 2.961 0.369 3.053 0.323 3.142
37 0.831 2285 0.772 2374 0.714 2.464 0.657 2.555 0.602 2.646 0.548 2.738 0.495 2.829 0.445 2.920 0.397 3.009 0.351 3.097
38 0.854 2.265 0.796 2.351 0.739 2.438 0.683 2.526 0.628 2.614 0.575 2.703 0.522 2.792 0.472 2.880 0.424 2.968 0.378 3.054
39 0.875 2.246 0.819 2329 0.763 2.413 0.707 2.499 0.653 2.585 0.600 2.671 0.549 2.757 0.499 2.843 0.451 2.929 0.404 3.013
40 0.896 2.228 0.840 2.309 0.785 2.391 0.731 2473 0.678 2.557 0.626 2.641 0.575 2.724 0.525 2.808 0.477 2.892 0.430 2.974
45 0.988 2.156 0.938 2.225 0.887 2.296 0.838 2.367 0.788 2.439 0.740 2.512 0.692 2.586 0.644 2.659 0.598 2.733 0.553 2.807
50 1.064 2.103 1.019 2.163 0.973 2225 0.927 2.287 0.882 2.350 0.836 2.414 0.792 2479 0.747 2.544 0.703 2.610 0.660 2.675

55 1.129 2.062 1.087 2.116 1.045 2.170 1.003 2.225 0.961 2.281 0919 2.338 0.877 2.396 0.836 2.454 0.795 2.512 0.754 2.571
60 1.184 2.031 1.145 2079 1.106 2.127 1.068 2.177 1.029 2.227 0.990 2.278 0.951 2330 0.913 2.382 0.874 2.434 0.836 2.487
65 1.231 2.006 1.195 2.049 1.160 2.093 1.124 2.138 1.088 2.183 1.052 2.229 1.016 2.276 0.980 2.323 0.944 2.371 0.908 2.419
70 1.272 1.986 1.239 2.026 1.206 2.066 1.172 2.106 1.139 2.148 1.105 2.189 1.072 2.232 1.038 2.275 1.005 2318 0.971 2362
75 1.308 1970 1.277 2.006 1.247 2.043 1.215 2.080 1.184 2.118 1.153 2.156 1.121 2.195 1.090 2.235 1.058 2.275 1.027 2315
80 1.340 1.957 1.311 1.991 1.283 2.024 1.253 2.059 1.224 2.093 1.195 2129 1.165 2.165 1.136 2.201 1.106 2.238 1.076 2.275
85 1.369 1.946 1.342 1.977 1.315 2.009 1.287 2.040 1.260 2.073 1.232 2.105 1.205 2.139 1.177 2.172 1.149 2.206 1.121 2.241
90 1.395 1.937 1.369 1.966 1.344 1.995 1.318 2.025 1.292 2.055 1.266 2.085 1.240 2.116 1.213 2.148 1.187 2.179 1.160 2.211
95 1.418 1.929 1.394 1956 1.370 1.984 1.345 2.012 1.321 2.040 1.296 2.068 1.271 2.097 1.247 2.126 1.222 2.156 1.197 2.186
100 1.439 1923 1.416 1.948 1.393 1.974 1.371 2.000 1.347 2.026 1.324 2.053 1.301 2.080 1.277 2.108 1.253 2.135 1.229 2.164
150 1.579 1.892 1.564 1.908 1.550 1.924 1.535 1.940 1.519 1.956 1.504 1972 1.489 1.989 1.474 2.006 1.458 2.023 1.443 2.040
200 1.654 1.885 1.643 1.896 1.632 1.908 1.621 1.919 1.610 1.931 1.599 1.943 1.588 1.955 1.576 1.967 1.565 1.979 1.554 1.991

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

Source: This table is an extension of the original Durbin—Watson table and is reproduced from N. E. Savin and K. J. White, “The Durbin-Watson Test for Serial Correlation
with Extreme Small Samples or Many Regressors,” Econometrica, vol. 45, November 1977, pp. 1989-96 and as corrected by R. W. Farebrother, Econometrica, vol. 48,
September 1980, p. 1554. Reprinted by permission of the Econometric Society.

EXAMPLE 1 Ifn=40and k' =4, d, = 1.285 and dy = 1.721. If a computed d 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 d lies between the lower and the
upper limit, there is inconclusive evidence regarding the presence or absence of positive
first-order serial correlation.
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TABLE D.5B Durbin—Watson d Statistic: Significance Points of d; and dy at 0.01 Level of Significance

K=1 K=2 k=3 K=4 k=5 k=6 K=7 k=8 kK=9 k=10
n dy dy dy dy d, dy d; dy dy dy d dy dy dy d dy d dy d dy
6 0.390 1.142 — — — — — — — — — — — — — — — — — —
7 0.435 1.036 0.294 1.676 — — — — — — — — — — — — — — — —
8 0.497 1.003 0.345 1.489 0.229 2.102 — — — — — — — — — — — — — —
9 0.554 0.998 0.408 1.389 0.279 1.875 0.183 2.433 — — — — — — — — — — — —
10 0.604 1.001 0.466 1.333 0.340 1.733 0.230 2.193 0.150 2.690 — — — — — — — — — —
11 0.653 1.010 0.519 1.297 0.396 1.640 0.286 2.030 0.193 2.453 0.124 2.892 — — — — — — — —
12 0.697 1.023 0.569 1.274 0.449 1.575 0.339 1913 0.244 2.280 0.164 2.665 0.105 3.053 — — — — — —
13 0.738 1.038 0.616 1.261 0.499 1.526 0.391 1.826 0.294 2.150 0.211 2.490 0.140 2.838 0.090 3.182 — — — —
14 0.776 1.054 0.660 1.254 0.547 1.490 0.441 1.757 0.343 2.049 0.257 2.354 0.183 2.667 0.122 2981 0.078 3.287 — —
15 0.811 1.070 0.700 1.252 0.591 1.464 0.488 1.704 0.391 1.967 0.303 2.244 0.226 2.530 0.161 2.817 0.107 3.101 0.068 3.374
16 0.844 1.086 0.737 1.252 0.633 1.446 0.532 1.663 0.437 1.900 0.349 2.153 0.269 2.416 0.200 2.681 0.142 2.944 0.094 3.201
17 0.874 1.102 0.772 1.255 0.672 1.432 0.574 1.630 0.480 1.847 0.393 2.078 0.313 2.319 0.241 2.566 0.179 2.811 0.127 3.053
18 0.902 1.118 0.805 1.259 0.708 1.422 0.613 1.604 0.522 1.803 0.435 2.015 0.355 2.238 0.282 2.467 0.216 2.697 0.160 2.925
19 0.928 1.132 0.835 1.265 0.742 1.415 0.650 1.584 0.561 1.767 0.476 1.963 0.396 2.169 0.322 2.381 0.255 2.597 0.196 2.813
20 0952 1.147 0.863 1.271 0.773 1.411 0.685 1.567 0.598 1.737 0.515 1.918 0436 2.110 0.362 2.308 0.294 2.510 0.232 2.714
21 0975 1.161 0.890 1.277 0.803 1.408 0.718 1.554 0.633 1.712 0.552 1.881 0.474 2.059 0.400 2.244 0.331 2.434 0.268 2.625
22 0997 1.174 0914 1.284 0.831 1.407 0.748 1.543 0.667 1.691 0.587 1.849 0.510 2.015 0.437 2.188 0.368 2.367 0.304 2.548
23 1.018 1.187 0.938 1.291 0.858 1.407 0.777 1.534 0.698 1.673 0.620 1.821 0.545 1.977 0.473 2.140 0.404 2.308 0.340 2.479
24 1.037 1.199 0960 1.298 0.882 1.407 0.805 1.528 0.728 1.658 0.652 1.797 0.578 1.944 0.507 2.097 0.439 2.255 0.375 2417
25 1.055 1.211 0981 1.305 0.906 1.409 0.831 1.523 0.756 1.645 0.682 1.776 0.610 1.915 0.540 2.059 0.473 2.209 0.409 2.362
26 1.072 1.222 1.001 1.312 0.928 1.411 0.855 1.518 0.783 1.635 0.711 1.759 0.640 1.889 0.572 2.026 0.505 2.168 0.441 2.313
27 1.089 1.233 1.019 1.319 0949 1.413 0.878 1.515 0.808 1.626 0.738 1.743 0.669 1.867 0.602 1.997 0.536 2.131 0.473 2.269
28 1.104 1.244 1.037 1.325 0.969 1.415 0900 1.513 0.832 1.618 0.764 1.729 0.696 1.847 0.630 1.970 0.566 2.098 0.504 2.229
29 1.119 1.254 1.054 1.332 0.988 1.418 0.921 1.512 0.855 1.611 0.788 1.718 0.723 1.830 0.658 1.947 0.595 2.068 0.533 2.193
30 1.133 1.263 1.070 1.339 1.006 1.421 0.941 1.511 0.877 1.606 0.812 1.707 0.748 1.814 0.684 1.925 0.622 2.041 0.562 2.160
31 1.147 1.273 1.085 1.345 1.023 1.425 0.960 1.510 0.897 1.601 0.834 1.698 0.772 1.800 0.710 1.906 0.649 2.017 0.589 2.131
32 1.160 1.282 1.100 1.352 1.040 1.428 0.979 1.510 0.917 1.597 0.856 1.690 0.794 1.788 0.734 1.889 0.674 1.995 0.615 2.104
33 1.172 1.291 1.114 1.358 1.055 1.432 0.996 1.510 0.936 1.594 0.876 1.683 0.816 1.776 0.757 1.874 0.698 1.975 0.641 2.080
34 1.184 1.299 1.128 1.364 1.070 1.435 1.012 1.511 0.954 1.591 0.896 1.677 0.837 1.766 0.779 1.860 0.722 1.957 0.665 2.057
35 1.195 1.307 1.140 1.370 1.085 1.439 1.028 1.512 0.971 1.589 0.914 1.671 0.857 1.757 0.800 1.847 0.744 1.940 0.689 2.037
36 1.206 1.315 1.153 1.376 1.098 1.442 1.043 1.513 0.988 1.588 0.932 1.666 0.877 1.749 0.821 1.836 0.766 1.925 0.711 2.018
37 1.217 1.323 1.165 1.382 1.112 1.446 1.058 1.514 1.004 1.586 0.950 1.662 0.895 1.742 0.841 1.825 0.787 1.911 0.733 2.001
38 1.227 1.330 1.176 1.388 1.124 1.449 1.072 1.515 1.019 1.585 0.966 1.658 0.913 1.735 0.860 1.816 0.807 1.899 0.754 1.985
39 1.237 1.337 1.187 1.393 1.137 1.453 1.085 1.517 1.034 1.584 0.982 1.655 0.930 1.729 0.878 1.807 0.826 1.887 0.774 1.970
40 1.246 1.344 1.198 1.398 1.148 1.457 1.098 1.518 1.048 1.584 0.997 1.652 0.946 1.724 0.895 1.799 0.844 1.876 0.749 1.956
45 1.288 1.376 1.245 1.423 1.201 1.474 1.156 1.528 1.111 1.584 1.065 1.643 1.019 1.704 0.974 1.768 0.927 1.834 0.881 1.902
50 1.324 1.403 1.285 1.446 1.245 1.491 1.205 1.538 1.164 1.587 1.123 1.639 1.081 1.692 1.039 1.748 0.997 1.805 0.955 1.864
55 1.356 1.427 1.320 1.466 1.284 1.506 1.247 1.548 1.209 1.592 1.172 1.638 1.134 1.685 1.095 1.734 1.057 1.785 1.018 1.837
60 1.383 1.449 1.350 1.484 1.317 1.520 1.283 1.558 1.249 1.598 1.214 1.639 1.179 1.682 1.144 1.726 1.108 1.771 1.072 1.817
65 1.407 1.468 1.377 1.500 1.346 1.534 1.315 1.568 1.283 1.604 1.251 1.642 1.218 1.680 1.186 1.720 1.153 1.761 1.120 1.802
70 1.429 1.485 1.400 1.515 1.372 1.546 1.343 1.578 1.313 1.611 1.283 1.645 1.253 1.680 1.223 1.716 1.192 1.754 1.162 1.792
75 1.448 1.501 1.422 1.529 1.395 1.557 1.368 1.587 1.340 1.617 1.313 1.649 1.284 1.682 1.256 1.714 1.227 1.748 1.199 1.783
80 1.466 1.515 1.441 1.541 1.416 1.568 1.390 1.595 1.364 1.624 1.338 1.653 1.312 1.683 1.285 1.714 1.259 1.745 1.232 1.777
85 1.482 1.528 1.458 1.553 1.435 1.578 1.411 1.603 1.386 1.630 1.362 1.657 1.337 1.685 1.312 1.714 1.287 1.743 1.262 1.773
90 1.496 1.540 1.474 1.563 1.452 1.587 1.429 1.611 1.406 1.636 1.383 1.661 1.360 1.687 1.336 1.714 1.312 1.741 1.288 1.769
95 1.510 1.552 1.489 1.573 1.468 1.596 1.446 1.618 1.425 1.642 1.403 1.666 1.381 1.690 1.358 1.715 1.336 1.741 1.313 1.767
100 1.522 1.562 1.503 1.583 1.482 1.604 1.462 1.625 1.441 1.647 1.421 1.670 1.400 1.693 1.378 1.717 1.357 1.741 1.335 1.765
150 1.611 1.637 1.598 1.651 1.584 1.665 1.571 1.679 1.557 1.693 1.543 1.708 1.530 1.722 1.515 1.737 1.501 1.752 1.486 1.767
200 1.664 1.684 1.653 1.693 1.643 1.704 1.633 1.715 1.623 1.725 1.613 1.735 1.603 1.746 1.592 1.757 1.582 1.768 1.571 1.779
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K=11 k=12 K=13 k=14 k=15 K=16 K=17 K=18 K=19 k'=20

n d; dy d; dy d, dy d; dy d; dy d dy d; dy d dy d, dy dy dy

16 0.060 3.446 — = = = — — — — — — — — — — — — — —
17 0.084 3.286 0.053 3.506 — — — — — — — — — — — — — — — —
18 0.113 3.146 0.075 3.358 0.047 3357 — = — — — — — — — — — — — —
19 0.145 3.023 0.102 3.227 0.067 3.420 0.043 3.601 — — — — — — — — — — — —
20 0.178 2914 0.131 3.109 0.092 3.297 0.061 3.474 0.038 3.639 — = — — — — — — — —
21 0.212 2.817 0.162 3.004 0.119 3.185 0.084 3.358 0.055 3.521 0.035 3.671 — — — — — — — —
22 0.246 2.729 0.194 2909 0.148 3.084 0.109 3.252 0.077 3.412 0.050 3.562 0.032 3.700 — — — — — —
23 0.281 2.651 0.227 2822 0.178 2991 0.136 3.155 0.100 3.311 0.070 3.459 0.046 3.597 0.029 3.725 — — — —
24 0315 2.580 0.260 2.744 0.209 2.906 0.165 3.065 0.125 3.218 0.092 3.363 0.065 3.501 0.043 3.629 0.027 3.747 — —
25 0.348 2.517 0.292 2.674 0.240 2.829 0.194 2.982 0.152 3.131 0.116 3.274 0.085 3.410 0.060 3.538 0.039 3.657 0.025 3.766
26 0.381 2.460 0.324 2.610 0.272 2.758 0.224 2.906 0.180 3.050 0.141 3.191 0.107 3.325 0.079 3.452 0.055 3.572 0.036 3.682
27 0.413 2409 0.356 2.552 0.303 2.694 0.253 2.836 0.208 2.976 0.167 3.113 0.131 3.245 0.100 3.371 0.073 3.490 0.051 3.602
28 0.444 2363 0.387 2.499 0.333 2.635 0.283 2.772 0.237 2.907 0.194 3.040 0.156 3.169 0.122 3.294 0.093 3.412 0.068 3.524
29 0.474 2321 0.417 2451 0.363 2.582 0.313 2.713 0.266 2.843 0.222 2972 0.182 3.098 0.146 3.220 0.114 3.338 0.087 3.450
30 0.503 2.283 0.447 2.407 0.393 2.533 0.342 2.659 0.294 2.785 0.249 2909 0.208 3.032 0.171 3.152 0.137 3.267 0.107 3.379
31 0.531 2.248 0.475 2367 0.422 2.487 0371 2.609 0.322 2.730 0.277 2.851 0.234 2970 0.196 3.087 0.160 3.201 0.128 3.311
32 0.558 2.216 0.503 2.330 0.450 2.446 0.399 2.563 0.350 2.680 0.304 2.797 0.261 2912 0.221 3.026 0.184 3.137 0.151 3.246
33 0.585 2.187 0.530 2.296 0.477 2.408 0.426 2.520 0.377 2.633 0.331 2.746 0.287 2.858 0.246 2.969 0.209 3.078 0.174 3.184
34 0.610 2.160 0.556 2.266 0.503 2.373 0.452 2.481 0.404 2.590 0.357 2.699 0.313 2.808 0.272 2915 0.233 3.022 0.197 3.126
35 0.634 2.136 0.581 2.237 0.529 2.340 0.478 2.444 0.430 2.550 0.383 2.655 0.339 2.761 0.297 2.865 0.257 2.969 0.221 3.071
36 0.658 2.113 0.605 2.210 0.554 2.310 0.504 2.410 0.455 2.512 0.409 2.614 0.364 2.717 0.322 2.818 0.282 2919 0.244 3.019
37 0.680 2.092 0.628 2.186 0.578 2.282 0.528 2.379 0.480 2477 0.434 2576 0.389 2.675 0.347 2.774 0.306 2.872 0.268 2.969
38 0.702 2.073 0.651 2.164 0.601 2.256 0.552 2.350 0.504 2.445 0.458 2.540 0.414 2.637 0.371 2.733 0.330 2.828 0.291 2.923
39 0.723 2.055 0.673 2.143 0.623 2.232 0.575 2.323 0.528 2.414 0.482 2.507 0.438 2.600 0.395 2.694 0.354 2.787 0.315 2.879
40 0.744 2.039 0.694 2.123 0.645 2.210 0.597 2.297 0.551 2.386 0.505 2.476 0.461 2.566 0.418 2.657 0.377 2.748 0.338 2.838
45 0.835 1.972 0.790 2.044 0.744 2.118 0.700 2.193 0.655 2.269 0.612 2.346 0.570 2.424 0.528 2.503 0.488 2.582 0.448 2.661
50 0913 1.925 0.871 1.987 0.829 2.051 0.787 2.116 0.746 2.182 0.705 2.250 0.665 2.318 0.625 2.387 0.586 2.456 0.548 2.526

55 0979 1.891 0.940 1.945 0.902 2.002 0.863 2.059 0.825 2.117 0.786 2.176 0.748 2.237 0.711 2.298 0.674 2.359 0.637 2.421
60 1.037 1.865 1.001 1.914 0.965 1.964 0.929 2.015 0.893 2.067 0.857 2.120 0.822 2.173 0.786 2.227 0.751 2.283 0.716 2.338
65 1.087 1.845 1.053 1.889 1.020 1.934 0.986 1.980 0.953 2.027 0.919 2.075 0.886 2.123 0.852 2.172 0.819 2.221 0.786 2.272
70 1.131 1.831 1.099 1.870 1.068 1.911 1.037 1.953 1.005 1.995 0.974 2.038 0.943 2.082 0911 2.127 0.880 2.172 0.849 2217
75 1.170 1.819 1.141 1.856 1.111 1.893 1.082 1.931 1.052 1.970 1.023 2.009 0.993 2.049 0.964 2.090 0.934 2.131 0.905 2.172
80 1.205 1.810 1.177 1.844 1.150 1.878 1.122 1.913 1.094 1.949 1.066 1.984 1.039 2.022 1.011 2.059 0.983 2.097 0.955 2.135
85 1.236 1.803 1.210 1.834 1.184 1.866 1.158 1.898 1.132 1.931 1.106 1.965 1.080 1.999 1.053 2.033 1.027 2.068 1.000 2.104
90 1.264 1.798 1.240 1.827 1.215 1.856 1.191 1.886 1.166 1.917 1.141 1.948 1.116 1.979 1.091 2.012 1.066 2.044 1.041 2.077
95 1.290 1.793 1.267 1.821 1.244 1.848 1.221 1.876 1.197 1.905 1.174 1.934 1.150 1.963 1.126 1.993 1.102 2.023 1.079 2.054
100 1.314 1.790 1.292 1.816 1.270 1.841 1.248 1.868 1.225 1.895 1.203 1.922 1.181 1.949 1.158 1.977 1.136 2.006 1.113 2.034
150 1.473 1.783 1.458 1.799 1.444 1.814 1.429 1.830 1.414 1.847 1.400 1.863 1.385 1.880 1.370 1.897 1.355 1.913 1.340 1.931
200 1.561 1.791 1.550 1.801 1.539 1.813 1.528 1.824 1.518 1.836 1.507 1.847 1.495 1.860 1.484 1.871 1.474 1.883 1.462 1.896

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

Source: Savin and White, op. cit., by permission of the Econometric Society.
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Table A.1 Cumulative Binomial Probabilities

B(x; n,p) = X b(y; n, p)
a.n=>5 y=0

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 951 174 .590 328 237 168 .078 .031 .010 .002 .001 .000 .000 .000 .000
1 999 977 919 737 633 528 337 188  .087 .031 .016 .007 .000 .000 .000
X 2 1.000 999 991 942 896 .837 .683 .500 317 .163 104 .058 .009 .001  .000
3 1.000 1.000 1.000 993 984 969 913 812 .663 472 367 263 .081 .023 .00l
4 1.000 1.000 1.000 1.000 .999 998 990 969 922 832 763 .672 410 226 .049
b. n=10
p
0.01 0.05 0.10 0.20 025 030 040 050 0.60 070 0.75 080 090 095 0.99
0 904 .599 .349 107 056 .028 .006 .001 .000 .000 .000 .000 .000 .000 .000
1 996 914 736 376 244 149 046 .011 .002 .000 .000 .000 .000 .000 .000
2 1.000 988 930 678 526 383 167 .055 .012 .002 .000 .000 .000 .000 .000
3 1.000 999 987 879 776 650 382 .172 .055 .011 .004 .001 .000 .000 .000
y 4 1.000 1.000 998 967 922 850 .633 377 .166 .047 .020 .006 .000 .000 .000
5 1.000 1.000 1.000 994 980 953 834 .623 367 .150 .078 .033 .002 .000 .000
6 1.000 1.000 1.000 999 996 989 945 828 .618 350 224 121 .013 .001  .000
7 1.000 1.000 1.000 1.000 1.000 .998 988 945 833 .617 474 322 070 .012 .000
8§ 1.000 1.000 1.000 1.000 1.000 1.000 .998 989 954 851 .756 .624 264 .086 .004
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 994 972 944 893 .651 401 .096
c. n=15
p
0.01 0.05 0.10 0.20 0.25 030 040 050 060 070 0.75 080 090 0.95 0.99
0 .860 463 206 .035  .013 .005 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 .990 .829 .549 167 .080 .035 .005 .000 .000 .000 .000 .000 .000 .000 .000
2 1.000 964 816 398 236 127 .027 .004 .000 .000 .000 .000 .000 .000 .000
3 1.000 995 944 648 461 297  .091 .018 .002 .000 .000 .000 .000 .000 .000
4 1.000 .999 987 836 .686 515 217  .059 .009 .001 .000 .000 .000 .000 .000
5  1.000 1.000 998 939 852 722 403 .151 .034 .004 .001 .000 .000 .000 .000
6 1.000 1.000 1.000 982 943 869 .610 .304 .095 .015 .004 .001 .000 .000 .000
X 7 1.000 1.000 1.000 996 983 950 787 500 213 .050 .017 .004 .000 .000 .000
8 1.000 1.000 1.000 999 996 985 905 .696 390 .131 .057 .018 .000 .000 .000
9 1.000 1.000 1.000 1.000 999 996 966 .849 597 278 148 .061 .002 .000 .000
10  1.000 1.000 1.000 1.000 1.000 999 991 941 783 485 314 .164 .013 .001  .000
11 1.000 1.000 1.000 1.000 1.000 1.000 .998 982 909 .703 .539 352 .056 .005 .000
12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 973 873 764 .602 .184 .036 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .995 965 920 .833 451 .171 .010
14 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 995 987 965 .794 537 .140
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = zx: by; n, p)
y=0

d. n=20

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 0.99

0 818 358 122 .012 .003 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 983 736 392 069 .024 .008 .001 .000 .000 .000 .000 .000 .000 .000 .000
2 999 925 677 206 .091 .035 .004 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 984 .867 411225 107 .016 .001 .000 .000 .000 .000 .000 .000 .000
4 1.000 997 957 .630 415 238 .051 .006 .000 .000 .000 .000 .000 .000 .000
5 1.000 1.000 989 804 617 416 126 .021 .002 .000 .000 .000 .000 .000 .000
6 1.000 1.000 998 913 78 .608 250 .058 .006 .000 .000 .000 .000 .000 .000
7 1.000 1.000 1.000 968 898 772 416 132 .021 .001 .000  .000 .000 .000  .000
& 1.000 1.000 1.000 990 959 887 596 252 .057 .005 .001 .000 .000 .000 .000
9 1.000 1.000 1.000 997 986 952 755 412 128 .017 .004 .001 .000 .000 .000
X 10 1.000 1.000  1.000 999 996 983 872 588 245 .048 .014 .003 .000 .000 .000
11 1.000 1.000 1.000 1.000 .999 995 943 748 404 .113 .041 .010 .000 .000  .000
12 1.000 1.000 1.000 1.000 1.000 999 979 868 .584 228 .102 .032 .000 .000 .000
13 1.000 1.000 1.000 1.000 1.000 1.000 994 942 750 392 214 .087 .002 .000 .000
14 1.000 1.000 1.000 1.000 1.000 1.000 998 979 874 584 383 .196 .011 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .994 949 762 585 370 .043 .003 .000
16 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 984 893 .775 589 .133 .016 .000
17 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .996 965 909 .794 323 .075 .001
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 992 976 931 .608 264 .017
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 997 988 878 .642 .182

(continued)
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Table A.1 Cumulative Binomial Probabilities (cont.) B(X: n, p) = ZX: by; n, p)
y=0

e. Nn=25

0.01 0.05 0.10 020 025 030 040 050 0.60 070 0.75 080 090 095 099

0 778 277 072 .004 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
1 974 .642 271 .027 .007 .002 .000 .000 .000 .000 .000 .000 .000 .000 .000
2 998 .873 537 .098 .032  .009 .000 .000 .000 .000 .000 .000 .000 .000 .000
3 1.000 966 764 234 .096 .033 .002 .000 .000 .000 .000 .000 .000 .000 .000
4 1.000 993 902 421214 .090 .009 .000 .000 .000 .000 .000 .000 .000 .000
5 1.000 .999 967 617 378 193 .029 .002 .000 .000 .000 .000 .000 .000 .000
6 1.000 1.000 991 780 561 341 .074  .007 .000 .000 .000 .000 .000 .000 .000
7 1.000 1.000 998 891 727 512 154 .022  .001  .000 .000 .000 .000 .000  .000
8 1.000 1.000 1.000 953 851 677 274 .054 .004 .000 .000 .000 .000 .000 .000
9 1.000 1.000 1.000 983 929 811 425 115 .013 .000 .000 .000 .000 .000  .000
10 1.000 1.000  1.000 994 970 902 586 212 .034 .002 .000 .000 .000 .000 .000
11 1.000 1.000 1.000 998 980 956 732 345 078 .006 .00l .000 .000 .000 .000
X 12 1.000 1.000 1.000 1.000 997 983 846 .500 .154 .017 .003 .000 .000 .000 .000
13 1.000 1.000 1.000 1.000 .999 994 922 .655 268 .044 .020 .002 .000 .000  .000
14 1.000 1.000 1.000 1.000 1.000 998 966 .788 414 .098 .030 .006 .000 .000 .000
15 1.000 1.000 1.000 1.000 1.000 1.000 .987 885 .575 .189 .071 .017 .000 .000  .000
16 1.000 1.000 1.000 1.000 1.000 1.000 .996 946 .726 .323 .149 .047 .000 .000  .000
17 1.000 1.000 1.000 1.000 1.000 1.000 .999 978 846 488 273 .109 .002 .000 .000
18 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .993 926 .659 439 220 .009 .000 .000
19 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 971 807 .622 383 .033 .001  .000
20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 991 910 .786 .579 .098 .007  .000
21 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 998 967 904 766 .236 .034  .000
22 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .991 968 .902 463 .127 .002
23 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .998 993 973 .729 358 .026
24 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .999 996 .928 .723 222
. . - X — Y
Table A.2 Cumulative Poisson Probabilities Foo ) = S e y!M
y=0
13
1 2 3 4 S .6 v 8 9 1.0
0 905 819 741 .670 .607 .549 497 449 407 368
1 995 982 963 938 910 878 .844 .809 772 736
2 1.000 999 .996 992 986 977 .966 953 937 920
X 3 1.000 1.000 999 998 997 994 991 987 981
4 1.000 1.000 1.000 .999 .999 998 .996
5 1.000 1.000 1.000 .999
6 1.000
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Table A.2 Cumulative Poisson Probabilities (cont. X oerw
(cont) Focw = 3 A

y=0 y

|73

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 15.0 20.0
0 135 .050 018 .007 .002 .001 .000 .000 .000 .000 .000
1 406 .199 .092 .040 017 .007 .003 .001 .000 .000 .000
2 677 423 238 125 .062 .030 .014 .006 .003 .000 .000
3 857 .647 433 265 151 .082 .042 021 .010 .000 .000
4 947 815 .629 440 285 173 .100 .055 .029 .001 .000
5 983 916 785 616 446 301 191 116 067 .003 .000
6 995 966 889 762 .606 450 313 207 130 .008 .000
7 1999 988 949 867 744 599 453 324 220 018 001
8 1.000 996 979 932 847 729 593 456 333 037 002
9 999 992 968 916 .830 17 587 458 .070 .005
10 1.000 997 986 957 901 816 706 583 118 011
11 999 995 980 947 888 .803 .697 185 021
12 1.000 998 991 973 936 876 792 268 .039
13 999 996 987 966 926 864 363 .066
14 1.000 .999 994 983 .959 917 466 105
15 999 998 992 978 951 568 157
16 1.000 999 .996 989 973 .664 221
17 1.000 998 995 .986 749 297
X 18 .999 998 993 819 381
19 1.000 999 997 875 470
20 1.000 998 917 .559
21 999 947 644
22 1.000 967 721
23 981 787
24 989 .843
25 994 888
26 997 922
27 998 948
28 999 966
29 1.000 978
30 987
31 992
32 995
33 997
34 999
35 999
36 1.000

Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



A-6 Appendix Tables

Table A.3 Standard Normal Curve Areas @ =PZ=2)

Standard normal density curve

v

Shaded area= (2)

i
I
I
I
I
:
0

z
z .00 .01 .02 .03 04 .05 .06 07 .08 09
34 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-33 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
32 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 0013 0013 0013 0012 0012 0011 0011 0011 .0010 0010
29 .0019 0018 .0017 .0017 0016 0016 0015 0015 0014 0014
-238 .0026 .0025 0024 0023 0023 .0022 0021 0021 .0020 .0019
27 .0035 0034 .0033 .0032 .0031 .0030 .0029 0028 .0027 .0026
2.6 .0047 0045 0044 0043 0041 .0040 .0039 .0038 .0037 .0036
-25 .0062 .0060 .0059 .0057 .0055 0054 .0052 0051 .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
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 0222 0217 0212 .0207 0202 0197 0192 0188 0183
-1.9 0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
-138 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
-1 0446 0436 0427 0418 .0409 .0401 0392 0384 0375 0367
-1.6 0548 0537 0526 0516 0505 .0495 0485 0475 0465 0455
-15 0668 0655 0643 .0630 0618 .0606 0594 0582 0571 0559
~14 .0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
-13 .0968 0951 0934 0918 .0901 .0885 .0869 0853 0838 0823
-12 1151 1131 1112 1093 1075 .1056 1038 .1020 .1003 .0985
~1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
-0.9 1841 1814 1788 1762 1736 1711 1685 1660 1635 1611
-0.8 2119 2090 2061 2033 2005 1977 1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
—0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641
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Table A.3 Standard Normal Curve Areas (cont.) d(z2) = P(Z =2)
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 .5239 .5279 5319 .5359
0.1 5398 5438 5478 5517 5557 .5596 .5636 5675 5714 5753
0.2 5793 5832 5871 5910 .5948 .5987 .6026 .6064 .6103 .6141
0.3 .6179 6217 6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
0.4 .6554 6591 .6628 6664 .6700 .6736 .6772 .6808 .6844 .6879
0.5 .6915 .6950 .6985 7019 7054 7088 7123 7157 7190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
0.8 7881 7910 .7939 7967 7995 .8023 .8051 8078 .8106 8133
0.9 .8159 .8186 8212 .8238 .8264 .8289 8315 .8340 8365 .8389
1.0 8413 .8438 8461 .8485 .8508 .8531 .8554 8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
1.5 9332 9345 9357 9370 9382 9394 .9406 9418 .9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 9599 .9608 9616 9625 9633
1.8 9641 .9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817
2.1 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857
2.2 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
2.3 9893 9896 9898 9901 .9904 .9906 .9909 9911 9913 9916
2.4 9918 .9920 9922 9925 .9927 .9929 9931 9932 9934 9936
2.5 9938 .9940 9941 9943 .9945 .9946 .9948 .9949 9951 19952
2.6 9953 9955 9956 9957 .9959 .9960 9961 9962 9963 9964
2.7 9965 .9966 9967 9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 9978 .9979 .9979 .9980 9981
2.9 9981 .9982 9982 9983 .9984 .9984 9985 9985 .9986 9986
3.0 9987 9987 9987 9988 .9988 .9989 .9989 9989 9990 19990
3.1 .9990 9991 9991 9991 .9992 .9992 9992 .9992 .9993 9993
3.2 19993 .9993 .9994 .9994 .9994 .9994 .9994 9995 9995 .9995
33 .9995 9995 9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997
34 .9997 9997 9997 9997 .9997 .9997 9997 9997 9997 9998
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Table A.4 The Incomplete Gamma Function |

F(x; o) = [ y*leVdy
o1'(@)

& 1 2 3 4 5 6 7 8 9 10
1 .632 264 .080 .019 .004 .001 .000 .000 .000 .000
2 .865 .594 323 143 .053 .017 .005 .001 .000 .000
3 950 .801 577 353 185 .084 .034 012 .004 .001
4 982 908 762 567 371 215 111 .051 .021 .008
5 993 .960 875 735 .560 384 238 133 .068 .032
6 998 983 938 .849 715 554 394 256 153 .084
7 .999 993 970 918 .827 .699 .550 401 271 170
8 1.000 997 .986 958 .900 .809 .687 547 407 283
9 999 .994 979 945 .884 793 .676 544 413
10 1.000 997 990 971 933 .870 780 .667 542
11 999 995 985 962 921 857 768 .659
12 1.000 998 992 980 954 911 .845 758
13 .999 .996 989 974 946 .900 .834
14 1.000 998 994 986 968 938 .891
15 999 997 992 982 963 930
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Table A.5 Critical Values for t Distributions t, density curve

Shaded area = o

i
I
I
I
I
:
0

tzx,v
47

v .10 .05 025 01 .005 001 .0005
1 3.078 6.314 12.706 31.821 63.657 318.31 636.62
2 1.886 2.920 4.303 6.965 9.925 22.326 31.598
3 1.638 2.353 3.182 4.541 5.841 10.213 12.924
4 1.533 2.132 2.776 3.747 4.604 7.173 8.610
5 1.476 2.015 2.571 3.365 4.032 5.893 6.869
6 1.440 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.895 2.365 2.998 3.499 4.785 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2.821 3.250 4.297 4.781
10 1.372 1.812 2.228 2.764 3.169 4.144 4.587
11 1.363 1.796 2.201 2.718 3.106 4.025 4.437
12 1.356 1.782 2.179 2.681 3.055 3.930 4.318
13 1.350 1.771 2.160 2.650 3.012 3.852 4.221
14 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 1.341 1.753 2.131 2.602 2.947 3.733 4.073
16 1.337 1.746 2.120 2.583 2.921 3.686 4.015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
19 1.328 1.729 2.093 2.539 2.861 3.579 3.883
20 1.325 1.725 2.086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2.819 3.505 3.792
23 1.319 1.714 2.069 2.500 2.807 3.485 3.767
24 1.318 1.711 2.064 2.492 2.797 3.467 3.745
25 1.316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.706 2.056 2.479 2.779 3.435 3.707
27 1.314 1.703 2.052 2.473 2.771 3.421 3.690
28 1.313 1.701 2.048 2.467 2.763 3.408 3.674
29 1.311 1.699 2.045 2.462 2.756 3.396 3.659
30 1.310 1.697 2.042 2.457 2.750 3.385 3.646
32 1.309 1.694 2.037 2.449 2.738 3.365 3.622
34 1.307 1.691 2.032 2.441 2.728 3.348 3.601
36 1.306 1.688 2.028 2.434 2.719 3.333 3.582
38 1.304 1.686 2.024 2.429 2.712 3319 3.566
40 1.303 1.684 2.021 2.423 2.704 3.307 3.551
50 1.299 1.676 2.009 2.403 2.678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 2.358 2.617 3.160 3.373
1.282 1.645 1.960 2.326 2.576 3.090 3.291
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Table A.7 Critical Values for Chi-Squared Distributions x2 density curve

Shaded area = o

0 (i Xow
(44
v 995 .99 975 .95 90 .10 .05 .025 .01 .005
1 0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 6.637 7.882
2 0.010 0.020 0.051 0.103 0.211 4.605 5.992 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.344 12.837
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0412 0.554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.440 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.012 18.474 20.276
8 1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.534 20.090 21.954
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.022 21.665 23.587
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.724 26.755
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.735 27.687 29.817
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.577 32.799
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 36.190 38.580
20 7434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997
21 8.033 8.897 10.283 11.591 13.240 29.615 32.670 35.478 38.930 41.399
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.260 10.195 11.688 13.090 14.848 32.007 35.172 38.075 41.637 44.179
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 42.980 45.558
25 10.519 11.523 13.120 14.611 16.473 34.381 37.652 40.646 44.313 46.925
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13.565 15.308 16.928 18.939 37916 41.337 44.461 48.278 50.993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.772 49.586 52.333
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
31 14.457 15.655 17.538 19.280 21.433 41.422 44,985 48.231 52.190 55.000
32 15.134 16.362 18.291 20.072 22271 42.585 46.194 49.480 53.486 56.328
33 15.814 17.073 19.046 20.866 23.110 43.745 47.400 50.724 54.774 57.646
34 16.501 17.789 19.806 21.664 23.952 44.903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22.465 24.796 46.059 49.802 53.203 57.340 60.272
36 17.887 19.233 21.336 23.269 25.643 47212 50.998 54.437 58.619 61.581
37 18.584 19.960 22.105 24.075 26.492 48.363 52.192 55.667 59.891 62.880
38 19.289 20.691 22.878 24.884 27.343 49.513 53.384 56.896 61.162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22.164 24.433 26.509 29.050 51.805 55.758 59.342 63.691 66.766

3
Forv >40,X§va(1 _3_{_2 3)
’ ov  *\ov
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Table A.8 t Curve Tail Areas

t curve Area to the
| 1

0 t

t

v 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0.0 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 468 465 463 463  462. 462 462 461 461 461 461 461 461 461 461 461 461 461
0.2 A37 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 422
0.3 407 396 392 390 388 387 386 386 386 385 .385 385 384 384 384 384 384 384
0.4 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
0.6 328 305 295 290 287 285 284 283 282 281 .280 .280 .279 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 285 254 241 234 230 227 225 223 222 221 220 .220 219 218 218 218 217 217
0.9 267 .232 217 210 205 201 199 197 196 .195 .194 .193 .192 .191 .191 .191 .190 .190
1.0 250 211 196 187 182 178 175 173 172 170 169 .169 .168 .167 .167 .166 .166 .165
1.1 235 193 176 167 162 157 154 152 150 .149 .147 .146 .146 .144 .144 144 143 143
1.2 221 177 158 148 142 138 135 132 130 .129 128 .127 126 .124 .124 124 123 123
1.3 209 162 142 132 125 121 .117 115 113 111 110 .109 .108 .107 .107 .106 .105 .105
1.4 197 148 128 117 110  .106 .102 .100 .098 .096 .095 .093 .092 .091 .091 .090 .090 .089
1.5 A87 136 115 104 .097 .092 .089 .086 .084 .082 .081 .080 .079 .077 .077 .077 .076 .075
1.6 178 125 104 .092 .085 .080 .077 .074 .072 .070 .069 .068 .067 .065 .065 .065 .064 .064
1.7 169 116 .094 .082 .075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053
1.8 161 107 .085 .073 .066 .061 .057 .055 .053 .051 .050 .049 .048 .046 .046 .045 .045 .044
1.9 154 .099 077 .065 .058 .053 .050 .047 .045 .043 .042 .041 .040 .038 .038 .038 .037 .037
2.0 148 .092 .070 .058 .051 .046 .043 .040 .038 .037 .035 .034 .033 .032 .032 .031 .031 .030
2.1 141 .085 .063 .052 .045 .040 .037 .034 .033 .031 .030 .029 .028 .027 .027 .026 .025 .025
2.2 136 .079 .058 .046 .040 .035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021
2.3 131 .074 052 .041 .035 .031 .027 .025 .023 .022 .021 .020 .019 .018 .018 .018 .017 .017
24 126 .069 048 .037 .031 .027 .024 .022 .020 .019 .018 .017 .016 .015 .015 .014 .014 .014
2.5 121 .065 .044 .033 .027 .023 .020 .018 .017 .016 .015 .014 .013 .012 .012 .012 .011 .01l
2.6 117 .061 .040 .030 .024 .020 .018 .016 .014 .013 .012 .012 .011 .010 .010 .010 .009 .009
2.7 13,057 .037 .027 .021 .018 .015 .014 .012 .01l .010 .010 .009 .008 .008 .008 .008 .007
2.8 109 .054 .034 .024 .019 .016 .013 .012 .010 .009 .009 .008 .008 .007 .007 .006 .006 .006
2.9 106 .051 .031 .022 .017 .014 .011 .010 .009 .008 .007 .007 .006 .005 .005 .005 .005 .005
3.0 102 .048 .029 .020 .015 .012 .010 .009 .007 .007 .006 .006 .005 .004 .004 .004 .004 .004
3.1 099 .045 .027 .018 .013 .011 .009 .007 .006 .006 .005 .005 .004 .004 .004 .003 .003 .003
3.2 096 .043 .025 .016 .012 .009 .008 .006 .005 .005 .004 .004 .003 .003 .003 .003 .003 .002
3.3 .094 .040 .023 .015 .011 .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
3.5 .089 .036 .020 .012 .009 .006 .005 .004 .003 .003 .002 .002 .002 .002 .002 .001 .001 .001
3.6 .086 .035 .018 .01l .008 .006 .004 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.7 .084 .033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001
3.8 .082 .031 .016 .010 .006 .004 .003 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001
3.9 .080 .030 .015 .009 .006 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001
4.0 .078 .029 .014 .008 .005 .004 .003 .002 .002 .001 .001 .001 .001 .001 .001 .001 .000 .000

(continued)
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Table A.8 t Curve Tail Areas (cont.)

t curve Area to the
Mft
| 1

0 t

t

v 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 120 «(=2)

0.0 .500  .500 .500 .500 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500  .500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 422 422 422 422 421 421 421 421 421 421 421 421 421
0.3 384 384 384 383 383 383 383 383 383 383 383 383 383 383 383 382 382
0.4 347 347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
0.5 311 311 311 311 311311 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
0.9 190 189 189 189 .189 .189 .188 .188 .188 .188 .188 .188 .187 .187 .186 .185  .184
1.0 Jd65 165 164 164 164 164 163 163 .163 .163 163 .163 .162 .162 .161 .160  .159
1.1 143 142 142 142 141 141 141 141 141 140 .140 .140 .139 .139 138 .137  .136
1.2 1220 122 122 121 121 121 121 120 .120 .120 .120 .120 .119 .119 117 116  .115
1.3 105 104 .104 .104 .103 .103 .103 .103 .102 .102 .102 .102 .101 .101 .099 .098  .097
1.4 .089 .089 .088 .088 .087 .087 .087 .087 .086 .086 .086 .08 .085 .085 .083 .082  .081
1.5 075 .075 .074 .074 .074 .073 .073 .073 .073 .072 .072 .072 .071 .071 .069 .068  .067
1.6 063 .063 .062 .062 .062 .061 .061 .061 .061 .060 .060 .060 .059 .059 .057 .056  .055
1.7 .053 .052 .052 .052 .051 .051 .051 .051 .050 .050 .050 .050 .049 .048 .047 .046  .045
1.8 .044 043 .043 .043 .042 .042 .042 .042 .042 .041 .041 .041 .040 .040 .038 .037  .036
1.9 .036 .036 .036 .035 .035 .035 .035 .034 .034 .034 .034 .034 .033 .032 .031 .030 .029
2.0 .030 .030 .029 .029 .029 .028 .028 .028 .028 .028 .027 .027 .027 .026 .025 .024  .023
2.1 025 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022 .022 .022 .021 .020 .019 .018
2.2 .020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .016 .015 .014
2.3 .016 .016 .016 .016 .015 .015 .015 .015 .015 .015 .014 .014 .014 .013 .012 .012  .011
2.4 .013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .011 .011 .011 .010 .009  .008
2.5 .011 .011 .010 .010 .010 .010 .010 .010 .009 .009 .009 .009 .009 .008 .008 .007  .006
2.6 .009 .009 .008 .008 .008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005  .005
2.7 .007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004  .003
2.8 .006 .006 .005 .005 .005 .005 .005 .005 .005 .005 .005 .004 .004 .004 .003 .003  .003
2.9 .005 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .003 .003 .003 .003 .002 .002
3.0 .004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002  .001
3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001
3.2 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001
3.3 .002 .002 .002 .002 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000
34 .002 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000  .000
3.5 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000  .000
3.6 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000  .000
3.7 .001 .001 .001 .001 .001 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.8 .001 .001 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
3.9 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
4.0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000  .000
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Table A.9 Critical Values for F Distributions

v, = numerator df

o 1 2 3 4 5 6 7 8 9
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
1 .050 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54
.010 4052.20 4999.50 5403.40 5624.60 5763.60 5859.00 5928.40 5981.10 6022.50
.001 | 405,284 500,000 540,379 562,500 576,405 585,937 592,873 598,144 602,284
.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
’ 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
3 .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
.010 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35
.001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
.100 4.54 432 4.19 4.11 4.05 4.01 3.98 3.95 3.94
4 .050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
.010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
.001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47
.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
5 .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
.010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
.001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24
5 .100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
§ 6 .050 5.99 5.14 4.76 4.53 4.39 4.28 421 4.15 4.10
s .010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
'E .001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
g .100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72
-ﬁ 7 .050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
<o .010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
.001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56
3 .050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91
.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77
.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
9 .050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35
.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11
.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
10 .050 4.96 4.10 3.71 3.48 3.33 322 3.14 3.07 3.02
.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
.001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96
.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 227
1 .050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90
.010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63
.001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
.100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 221
12 .050 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80
.010 9.33 6.93 5.95 5.41 5.06 4.82 4.04 4.50 4.39
.001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48
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Appendix Tables A-15

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000

60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
241.88 24391 245.95 248.01 249.26 250.10 251.14 251.77 252.20 253.25 254.19
6055.80  6106.30  6157.30  6208.70  6239.80  6260.60  6286.80  6302.50  6313.00 633940  6362.70
605,621 610,668 615,764 620,908 624,017 626,099 628,712 630,285 631,337 633,972 636,301

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

999.40 999.42 999.43 999.45 999.46 999.47 999.47 999.48 999.48 999.49 999.50

5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13

8.79 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 26.35 26.32 26.22 26.14

129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.76

5.96 591 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.63
14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47
48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 44.40 44.09

3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.12 3.11

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 437
10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03
26.92 26.42 2591 25.39 25.08 24.87 24.60 24.44 24.33 24.06 23.82

2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.77 2.76 2.74 2.72

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 3.70 3.67

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77

2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 2.49 247

3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 3.23

6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.86 5.82 5.74 5.66
14.08 13.71 13.32 12.93 12.69 12.53 12.33 12.20 12.12 11.91 11.72

2.54 2.50 2.46 242 2.40 2.38 2.36 2.35 2.34 232 2.30

3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.02 3.01 2.97 2.93

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 4.95 4.87
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36

242 2.38 2.34 2.30 2.27 225 2.23 222 2.21 2.18 2.16

3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.80 2.79 2.75 2.71

5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.52 4.48 4.40 432

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84

2.32 2.28 2.24 2.20 2.17 2.16 2.13 2.12 2.11 2.08 2.06

2.98 291 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54

4.85 4.71 4.56 4.41 431 4.25 4.17 4.12 4.08 4.00 3.92

8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 7.12 6.94 6.78

2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98

2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.51 2.49 2.45 241

4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.81 3.78 3.69 3.61

7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02

2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.97 1.96 1.93 1.91

2.75 2.69 2.62 2.54 2.50 247 2.43 2.40 2.38 2.34 2.30

430 4.16 4.01 3.86 3.76 3.70 3.62 3.57 3.54 3.45 3.37

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44
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A-16 Appendix Tables

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

v, = numerator df
« 1 2 3 4 5 6 7 8 9

.100 3.14 2.76 2.56 2.43 235 2.28 2.23 2.20 2.16

3 .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71

.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

.001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 721 6.98

.100 3.10 2.73 2.52 2.39 2.31 224 2.19 2.15 2.12

14 .050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

.010 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03

.001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58

.100 3.07 2.70 2.49 2.36 2.27 221 2.16 2.12 2.09

s .050 454 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59

.010 8.68 6.36 5.42 4.89 456 432 4.14 4.00 3.89

.001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26

.100 3.05 2.67 2.46 233 2.24 2.18 2.13 2.09 2.06

16 .050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

.010 8.53 6.23 5.29 4.77 4.44 420 4.03 3.89 3.78

.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98

.100 3.03 2.64 2.44 231 222 2.15 2.10 2.06 2.03

17 .050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

.010 8.40 6.11 5.19 4.67 434 4.10 3.93 3.79 3.68

.001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75

= .100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00
= 18 .050 441 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
= 010 8.29 6.01 5.09 458 425 4.01 3.84 3.71 3.60
E .001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
g .100 2.99 2.61 2.40 227 2.18 2.11 2.06 2.02 1.98
< 19 .050 438 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
I .010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52
A .001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39
.100 2.97 2.59 2.38 225 2.16 2.09 2.04 2.00 1.96

20 .050 435 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

.100 2.96 2.57 2.36 223 2.14 2.08 2.02 1.98 1.95

)1 .050 432 3.47 3.07 2.84 2.68 2.57 2.49 2.42 237

.010 8.02 5.78 487 437 4.04 3.81 3.64 3.51 3.40

.001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.11

.100 2.95 2.56 235 222 2.13 2.06 2.01 1.97 1.93

2 .050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

.010 7.95 5.72 482 431 3.99 3.76 3.59 3.45 3.35

.001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99

.100 2.94 2.55 2.34 221 2.11 2.05 1.99 1.95 1.92

- .050 428 3.42 3.03 2.80 2.64 2.53 2.44 237 232

010 7.88 5.66 476 426 3.94 3.71 3.54 341 3.30

.001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89

.100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91

" .050 426 3.40 3.01 2.78 2.62 2.51 2.42 236 2.30

010 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26

001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80
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Appendix Tables A-17

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

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88 1.85
2.67 2.60 2.53 2.46 241 2.38 2.34 2.31 2.30 225 221
4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.38 3.34 3.25 3.18
6.80 6.52 6.23 593 5.75 5.63 5.47 5.37 5.30 5.14 4.99
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 1.80
2.60 2.53 2.46 2.39 2.34 231 227 2.24 222 2.18 2.14
3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.22 3.18 3.09 3.02
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77 4.62
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 1.79 1.76
2.54 2.48 2.40 233 2.28 2.25 2.20 2.18 2.16 2.11 2.07
3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.08 3.05 2.96 2.88
6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.70 4.64 4.47 4.33
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
2.49 242 2.35 2.28 2.23 2.19 2.15 2.12 2.11 2.06 2.02
3.69 3.55 3.41 3.26 3.16 3.10 3.02 297 2.93 2.84 2.76
5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.45 4.39 4.23 4.08
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69
2.45 2.38 231 2.23 2.18 2.15 2.10 2.08 2.06 2.01 1.97
3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.87 2.83 2.75 2.66
5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.24 4.18 4.02 3.87
1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66
241 2.34 2.27 2.19 2.14 2.11 2.06 2.04 2.02 1.97 1.92
3.51 3.37 3.23 3.08 2.98 292 2.84 2.78 2.75 2.66 2.58
5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.06 4.00 3.84 3.69
1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64
2.38 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88
3.43 3.30 3.15 3.00 291 2.84 2.76 2.71 2.67 2.58 2.50
5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61
2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.64 2.61 2.52 243
5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 1.92 1.87 1.82
3.31 3.17 3.03 2.88 2.79 2.72 2.64 2.58 2.55 2.46 2.37
4.95 4.70 4.44 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.28
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.60 1.57
2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79
3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.40 232
4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.54 3.48 332 3.17
1.89 1.84 1.80 1.74 1.71 1.69 1.66 1.64 1.62 1.59 1.55
2.27 2.20 2.13 2.05 2.00 1.96 1.91 1.88 1.86 1.81 1.76
3.21 3.07 2.93 2.78 2.69 2.62 2.54 2.48 2.45 2.35 2.27
4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08
1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54
2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 1.74
3.17 3.03 2.89 2.74 2.64 2.58 2.49 2.44 2.40 2.31 222
4.64 4.39 4.14 3.87 3.71 3.59 3.45 3.36 3.29 3.14 2.99

(continued)

Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



A-18 Appendix Tables

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

v, = numerator df
@ 1 2 3 4 5 6 7 8 9

100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89

25 .050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28

.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 322

.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.71

100 291 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88

2 .050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 232 227

.010 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18

.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64

.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87

27 .050 421 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25

.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15

.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57

100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87

28 .050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24

.010 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12

.001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86

29 .050 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 222

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45

S .100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

§ 30 .050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 227 221

g .010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07

E .001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39
=}

5 .100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79

-ﬁ 40 .050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

N .010 7.31 5.18 431 3.83 3.51 3.29 3.12 2.99 2.89

.001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 421 4.02

.100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76

50 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07

.010 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78

.001 12.22 7.96 6.34 5.46 4.90 451 422 4.00 3.82

.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

60 .050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

.010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

.001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

.100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

100 .050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

.001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

.100 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66

200 .050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50

.001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

1000 .050 3.85 3.00 2.61 2.38 222 2.11 2.02 1.95 1.89

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

.001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13
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Table A.9 Critical Values for F Distributions (cont.)

v, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.52
2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.84 1.82 1.77 1.72
3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 2.27 2.18
4.56 431 4.06 3.79 3.63 3.52 3.37 3.28 3.22 3.06 291
1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51
222 2.15 2.07 1.99 1.94 1.90 1.85 1.82 1.80 1.75 1.70
3.09 2.96 2.81 2.66 2.57 2.50 2.42 2.36 2.33 2.23 2.14
4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3.15 2.99 2.84
1.85 1.80 1.75 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 2.47 2.38 233 2.29 2.20 2.11
4.41 4.17 3.92 3.66 3.49 3.38 3.23 3.14 3.08 292 2.78
1.84 1.79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
2.19 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 2.17 2.08
4.35 4.11 3.86 3.60 3.43 332 3.18 3.09 3.02 2.86 2.72
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 2.73 2.57 2.48 241 2.33 2.27 2.23 2.14 2.05
4.29 4.05 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 2.45 2.39 2.30 2.25 2.21 2.11 2.02
4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 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 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 2.37 2.27 2.20 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 2.57 241 2.25
1.73 1.68 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33
2.03 1.95 1.87 1.78 1.73 1.69 1.63 1.60 1.58 1.51 1.45
2.70 2.56 242 227 2.17 2.10 2.01 1.95 1.91 1.80 1.70
3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.38 2.21 2.05
1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40
2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.88 1.84 1.73 1.62
3.54 332 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.48 1.45 1.38 1.30
2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45
3.30 3.07 2.84 2.59 2.43 232 2.17 2.08 2.01 1.83 1.64
1.63 1.58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 1.72 1.62 1.56 1.52 1.46 1.41 1.39 1.30 1.21
2.41 227 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 1.43
1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08
1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.36 1.33 1.24 1.11
2.34 2.20 2.06 1.90 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 1.77 1.69 1.49 1.22
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