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(c) Answer any five questions out of Seven.
T & & Bl drg g B Se) Rl
(d) All questions carry equal marks.

it ued B ofm T E

(e) Use of simple non-programmable calculator

is allowed. Statistical tables are attached
for your reference.

et e At & ST H oTg A
S 2 oo ded & f @i s
geA-u= P aid HF & T ¥

1. State whether the following statements are True

or False. Give reasons for your answer.
5x3=15
sTeT B Pr=fafag ®ee g § a1 o6 | AT
IrerT B HOT A T |
(a) In a regression model InY, =B, +B,X; +u,,if
[32 is multiplied by 100 we obtain the growth
rate estimate of Yi.
THIHIT (regression) AEA In Y, =, +p,X; +u,,
F, afg B, =1 100 & Tom fopar omwar & @1 8% Y, A
gfa @ @1 ST (estimate) HI<T BIAT 2l

2

(n
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(b) In regression through origin models the
conventionally computed r? may not be
meaningful.

qA &g (origin) & @HT2Yr aret Hreat &
TR &9 & 7T 2 el &Y gapar 2

(c) Insimple t'egression model Y, =8, +B,X. +u.

the OLS estimators f}, and B, each follow

normal distribution only if u. follo
- . f w
distribution. T

T T HqSd Y, =P, +B,X, +u,, § OLS
STl (estimators) B, @ B, & & wdeb EIE'r‘f
(distribution) 5™ (normal) @t 2rar & af
U, 1 e FHH B |

(d) P-value of a test statistic is equal to the level

of significance.

et irer sferesior (test statistic) T P-HI @refasar

X (level of significance) & FET 2T 2

3 v P,T.0.
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(e) If the estimate of slope coefficient in a

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

afy uep fE-=¥ GHIHEOT § @i IO (slope
coefficient) T ST S 81, T LT T
(coefficient of determination) &I AT - LA

BT |

2. (a) You have the following information :

e P E & T ¥

TX = 1680, YY = 1110, Y XY = 204200,
¥ X2=315400, ¥ Y?= 133300, n =10. Assume
all assumptions of CLRM are fulfilled. Obtain

st i 5 CLRM o @sft st avgee 8t
¥ | frfeias &t sta i -

(i) B, and B,

B, T B,

Cry

(b)
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(ii) Establish 95% interval for the population
slope coefficient f3,
FHfte (population) & ToTieh B, BF 95%
fergameraar ST (confidence interval)
(iii) R? e
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 p

denote the true average score of students
when additional material is used. 5

T s ¢ {3 Rt odien & fenfefat & oftam ofept
(score) T Fest gAY B @ AET (mean)
75 g w6 fa=e™ (standard deviation) 9 ¥
/B HITeT Hal B &1 & b IAH! reg-anh
SYART § 397 SEd 37! Pl GGIAT ST Hehall & | T8
|1 ST @ 6 SIfafh dred-arnh & Ay oiwt
T T T Bl B B J9 g =9
BN | 79 diforg B p eAfaiss greg arpEh &
IUGIT & T fentiat & areafass 3ieh (true score)
g1

5 P.T.O.
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(i) What are the appropriate null and
~ alternative hypothesis ?

I9YT YA (null) T IHRIF (alternate)
afeaamd (hypotheses) 1 & ?

(ii) Let X denote the sample average score
for 25 randomly selected students.
Consider the test procedure with test
statistic X and rejection region x>77.9.
What is the probability distribution of the
statistic when H, is true ? What is the
probability of Type I error ?

q1 Sifore fb X argfses diX 9X (randomly)

=t 25 fenfiar & age 3y wfiest ofrow |

@i (sample average score) & |51 Afagste
X @ oTEdipia-a19  (rejection region)
%>77.9 drel Sita "itkar 9% =R i |
gt H, @ & a1 sfaasfs & oifbesar g
(probability distribution) =T 8RN ? I 51T
&t JfE (error) &t MRaT (probability) =T
grft ?

®
ry

- 9134

(iii)Using the testing procedure in (ii) what
is the probability of type II error when in
fact u =80 .

(ii) & & 7 Sirer wfekar @ gerEar § Faee
I 5=RTR 6t Sjfe &t semaT @ Brf afk arera
H p=80.

" (c) Inaregression model, Y, =B, +B,X; +u,, show
that the mean of actual Y; is equal to the

mean of estimated Y, . y 3
TS WS Y, =B, +B,X, +u, , F qwizy B
AIETAE Y, I AT (mean) STHT Y; & A1 &
T BT 8 |

3. (a) Consider the following simple regression

model
price = B, + P, assess + u

where price is the housing price assess and
is the assessment of housing prices. The

estimated equation is :

(f ; Pk
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N

Fr=fefag O gHrEeT d9ise 9Y f&aE Sy
price = B, + B, assess + u

ST price STETAT &1 FHIFT & TAT assess JETEN-
N FHEAT BT ST & | STEhieTd @R eT A
THL B -

price=—-14.47 + 0.976 assess

t=(16.27) (0.049)

. n=88, SSR = 165644.51, r*= 0.820

(i) How will you test the constraints B,.=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

SURITh THTSEYT 7 3179 Sia=wT (restrictions)
B,=1a B, =0 % ThET R S HCN A
argest faar gon @ R dfaefaa awmsger
(restricted regression) ¥ SSR M |1
209448.99 ¥ ? 3TrasTeh TLaToT (LiETon) B
1% referar &< 9T 0T qem 9T ey

ZIfT |
8

AL
N
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(ii) Suppose now that the estimated fnodel

15

a1 A1 ofifere B erreRfer Hiee et s B
price = B,+ B,assess + PB,lotsize +
B,sqrft + B, bdrms +u

where

el

Stel
lotsize = the size of the lot
= B H AR
sqrft = the square footage
= @A AIgE
bdrms = the number of bedrooms
= Tl e T
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. 24
31 88 @I Terdar ¥ 39 Hisw g R°0.829
& 1 1% Briehar &Y 9 39 A1d 1 TR HioT
fop @4t Aif3rs (partial) @1<T OTihi & =
I B AT S |

9 : P.TC,
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(b) Let X ~N (p.,crz) , Consider two independent
random samples of observations on X. The
samples are of size n, and n, with means

X, and grespectively. Two estimators of

the population mean are proposed : 4 .

A AT X ~ N (1,6°), X T Bereht 3 & ey
qgfess (random) HAfaEsif (samples) 93 f&ramT
I | &7 SfTEell B STHIC HHM: n, T n, T&T
e X, @ X, ¥ wHfte @ & & o
(estimators) sEmfad fhw o &

Check whether these estimators are

unbiased and calculate their variance.

¥ ShTThl I STARAA (unbiasedness) g

Siter HAT T g FET (variances) F ST

HIfeTT |
10

P —

4.
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(c) 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

fFriferfaa & & FeiX (dependent) (Y) 9 T
(independent) (X) =3l & S g7 g, TAIUD -
I9g<h %o ©9 (functional form) & =FT
FITT | 79 I BY BT T |
(i) Y= demand for food X=price of food
Y = {o @ AT X = Hio & A
(ii) Y = AFC of production X = output
Y = IeEd & AFC - X = 3
(iii) Y = Population in India X = time
Y = 9d § seEe X = 99y
(a) In a regression of average wages (W) on the
number of employees (N) for a random
sample of 30 firms, the following results
were obtained : 6

11 P10,
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30 wHl % uh Argfes ufiast ¥g ofvw Tergd
(W) & Heenfearl it @@ (N) a2 qersmer 3g
=t afoms s ga \
Regression 1: § = 7.5 + 0.009 N
THTEHIT 1:

t = (16.10) R? = 0.90

Regression 2

zl=)

1
= 0.008 + 7.8—
ol

HHETOT 2

t = (14.43) (76.58) R = 0.99

() How would you interpret the two
regressions ?

ST S 91 AT P et e S
HLT ?

(i) 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 ?

THTEIYT 1 Bl THIHGOT 2 § ST $3 3
IS T PHIOT B GHAT T ? GHIEGO 1
THIHECT 2 9T A H JfE 9T (error term) &
TEIOT % AR H 4 "rgar ot E R 2

12

(b)
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(iii)Can you relate the slopes and intercepts
of the two models ?
FT AT 4 &l "rsal P @l (slopes) T |
ITT-EVST (intercepts) & FeA TR &AT Ahd
g2

(iv) Can you compare the R? of the two

models ? Give reasons.

T T 37 a1 Hisl & R? %! g S debd
g ? T Ao |

The thickness of the graph paper (measured
in GSM) used during examinations shouﬁld ‘
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 P. T,
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(c)

qieTTedt & SR IART fhU ST et I 99T
Hreré (GSM ) ol 8t =nfe s 78 s AT
HHY ST § % T8l | 719 Ao 3 p usp =w
m%%amsﬁ?mawa%anﬁﬁzs(trué]
AT Hierg ¥ | 56 9% B Tt S SuEnt &g
wiiehrd B 8g ST arfas i Hierd 20 GSM
T e A1 ST BT SR | AT & (normal
distribution) a1l U FHlte F SR n FH TH
g s R ormar & | P # & s
Rerfer 7 = Forepef Suges @ 2

() n=151t=3.2, o =.05

(i) n=9,t=1.8, o =.01

(ili) n = 24, t = -0.2

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

workers and their work experience over the
years. ) 6

71 #ifSTe 3% saftral @ Aol 39 & ¥ ik
®H B %6 @ T Hara (skilled) &, qor I
mi_g‘qa (work experience) fhar B |

() Define dummy variables to capture

whether workers are skilled or not. Take

workers being unskilled as the reference
category.

14

9134

siferes e & 41 T2, 59 8 T =X (dummy
variable) aRsif¥q FHifoTT | 37T (unskilled)
sifereRt t @wa+ 3o (reference category)
H A

(ii) 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.

greret (parameters) # 3@ (linear) 6
frr Hitee Ry st it o6 =afh i worgdl
Bt FHrATIHE G FT 98 FIAA & AT T, I AW
& W B A UT geitar B o7ae Hisw @l
e T |

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

ora T SfeTa 36 3@ diew  AfHent & Hier
g I HEATGHT H Teh TEAX T4 A
% a1 (interaction) T *ff 8 | SUITH AT
(ii) = <wgw Hsw fRa e afiafia &
STET ? AU HiSw & SATEAT BT |

15 P.1.0.
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5. (a) The results of a Iogarithmic'regression of
demand for food on price and personal

disposable income is given as : 5]

T F HIT B HIET T AR FAST T

(personal disposable income) % U% T
(logarithmic) FHr2=or & qfRomy ey g &

log Q,=2.34-0.31log P +0.451ogY +0.65
log Q,,
Se = (0.05) (0.20) (0.14)
n=50 R*=090 d=1.8
where Q = food consumption per capita
STer Q = ufer =fes s 7 IqwnT
P = food price |
P = A5 & HiAa
Y = real per capita disposable income

Y = arsfas ufq =t gdeg ey

(i) Just by looking at the estimated
regression, do you suspect serial
correlation in it ? ‘

T 3 HISH Pl 3@ 715 A 96 360 @-
;swrw (serial correlation) = T3 BT
7
16
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(ii) Which test do you use to confirm your
suspicion and why ?
SIS T3B I gfee HIA BF AT BHIA-T T
T IYART HLT g F4T ?

(iii) Outline the steps of the above
mentioned test and provide a conclusion

on the basis of your calculations.

IUITH GLTOT & FXON i waLEr T e
ST TOTATAT B ST 9 sy i |

(b) Suppose you are given the following

regression : S5

q9 &t fp emuenr Fr=faiRaa @R &

TR

Y, = Byt BX, +B. X! +1,

Do you think the model suffers from

multicollinearity ? If yes then what are the

possible remedies of the problem ?

T ATIH! TaT & 6 Fw Hizw agd T
(multicollinearity) & 7 & ? af¥ ¥ a1 5a awen.

% G99 ITAY (remedies) T & ?
17 P.T.O.
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(c) State and prove the minimum variance-

(a)

property of the slope coefficient in a two

variable regression model. 5

U fEER garHeT Jisd § @ qUlhe & gAaH
YT IOTEH (minimum variance property)l
ferfea 7 foes i |

Congjder the following models : 5
ModelI: InY = o, +oa,InX; +u,

Hisa [ :

Model I : InY, = B, +B,InX; +u;

BIESEI

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

STEI Y =w\Y, T X =w,X,, a9l w =X
(constants) & |

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

FHIHOT O T T AR gl B 5 A
THEl & HeH FEEE A Hiorg |
(ii) Is the R? different between the two models ?

T 37 &l Hisdl & R2 3= a7 ?

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

A AT 3 Y, =B,X, +¢ 9WCLRM @R[BMTE |
(i) Find the slope coefficient in the
regression of Y on X

Y & X 9 THIEET § ST Ol S HIror |

(ii) Suppose now we have a regression of X
onY, X, =7,Y,+v, . Is slope coefficient of
regression on X on Y an inverse of slope

of regression of Y on X. 4
3T | ST 35 80 a1 X &7 Y 9¢ TH1SE,
X, =7,Y,+v, 2 1T X B Y T G299 F e

T Y % X R Bl 0TI M ok (inverse)
Brar 8 ?

19 P.T.Q.
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f)

(c) Using data on compensation per employee

in thousands of dollars (COMP) and average
productivity in thousands of dollars (PROD)
for a cross section of 50 firms for the year
1958, the following regression results were

obtained (t ratios in parentheses) ‘6

50 HHT & U AU (cross section) BF a9
1958 # i =Afth HH=rd au (s Sterd )
(COMP) & 2Trod Jaraehar (B511T é’iﬁlﬁﬁ) (PROD)
% ATehel @ TerddT 9 [Fr=feEy Tar—oT 9fony
AT BY (PSSRl H t ST €) ¢

=1992.35 + 0.233PROD,
t = (2.1273) (2.333)  R?*=0.5891

Since the cross-sectional data included
heterogeneous units, heteroscedasticity was
'Iikely to be present. The Park test was
performed and the following results of

auxiliary regression were obtained :

20

9134

T STPIEy SAfHSt 7 =T theterogeneous)
gAY, SEoT-fawHa (heteroskedasticity)

% e 819 3t AT oY | 979k %7 9T (Park’s

test) BraT T TUT TEEE (auxiliary) THIEEOT
g frr=iferiad 9oy 9« 8u ¢

et = 35.817 —2.8099PROD,

t= (0.934) (-0.667) R?=0.0595

(i) Use the result of auxiliary regression to

check if the model indeed suffers ..from
heteroscedasticity. Perform the test at

5% level of significance.

Terdes THIZE0T & 9Foms; $ e 9 S
iferu 35 a1 g8 dise arag § 99LoT-fagHar
T T B 1 5% TTeiehar T 9T T HifT |

(ii) What could be the possible remedies of
heteroscedasticity ? 6
SFET-ferqaT B R TG IYI B T & ?

21 . P.T AL
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7. (a) The following model was estimated for (i) Show the Phillips curve for two periods
I United States from 1958 to 1977 : 5 ek
| ferferfaa s %1 1958 & 1977 3 TIH ToF _ | '
| ST B SATeRlera faan T o | el eraferal 3g Ml a6 i STeT-oreT
| 1 ertEq |
Y = 10.078 - 10.337 D, - 17.549(2} (ii) Are differential intercept and slope
' coefficients statistically significant ?
38.173D, [—;—J ; » What does this suggest ?
, : 41 fa¥9as (differential)eT=T:@vs T @A
se = (1.4204) (1.6859) (8.3373) (9.399) : S R W G T
R?=0.8787 .

qaarE ? o
where Y = year-to-year percentage change

| in the index of hourly earnings (iii)Intgrpret fcleEressits.

| ST Y = s Sver o B Eewies & ad-avad & G A e H |
gfaer aiads : (b) Two models for Engel expenditure function
. X = percent unemployment rate : | are estimated. 5
X = faemd STer @ &% TS &9 wad (Engel expenditure function)
D = 1 for 1958-1969 Bg &l Hisd MR fha T 2. |

= 0 if otherwise ' Model I: Y, =1087.930+0.077X,

D=1, 1958-1969 g | iy ‘ :
= 0 =g | t= (25.58) (21.64) R?=0.350 F=468.645

| 22 23 P.T.O.




‘Model II : Y, =4005.077 +0.3381/X,
Aise 11 :

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

where Y, = expenditure on food in rupees
STt Y, = o U 3, 941 |

= total expenditure in rupées

= gl AY, T |

(i) Interpret all coefficient value of the two '

models.
& 41 Atedt & a9 iR B = B s
e |

(i) Are the sign of the coefficients in the

two models contradictory ?

FT 39 a1 Hisdl H [OhE & e 9y
fareft (contradictory) & ?

24

o
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(iii) Can we compare the results of the two

models ?

T B9 39 & HiSAl & afemEr B g H
qHd & ? ;

(iv) Diagrammatically show the sample

regression function in the above model.

JIURE Afsd § ufdesl THTHIOT BAd
T it TErEar O I9030 |

(c) Consider the following fitted regression

modgl. Standard error is given in parenthesis :
: 5

Fre=feiiae swrepferd @=Ts@er  Afsw W e

FHIFTT | A6 aﬁtﬁ Przehi 7 & g‘é ®

Y, =-9.6 +2.1X, + 0.45:k2 R2=0.92

se = (8.3) (1.98) (1.77)

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

T ATYSH! 3T TEIHIT & Pl TGHET T977

S 8 ?
25 P.T.O.
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A 9134
 Appendix
(ii) If yes, what is the problem ? ‘ , O LR
s TABLE 1 b
ofe 2, at 95 guEr Er R 2 LOGARITHMS
anh 5 4 ) 0 1 2 3 4 s [ % ] 9 Mean Differences
(iii) Outline the steps for performing an ’ TS
auxiliary regression to det ol e, : :
resence of gbl 3 eCt_ the A i M43 0056 0128 0170 0212 0253 (294 U334 0374 4 B8 12 17 20 25 20 33 37
P Ol problem 1n the regression. i 0455 0492 0531 0569 0607 0645 0682 0719 075 4 & 11 15 19 23 26 30 34
3 .ﬁ. " ; (:83_3 % 0823 ﬂgg 0569 1213!: 088 1072 1106 3 7 10 14 17 21 24 28 3)
i3 175 1 ) L} 1308 1 1367 1399 1430 3 6 W 13 16 19 23 26 19
R A U'lfql?ﬁcﬁll-'ﬁll!lﬁ %gm ¥ W2 152 155 1564 1614 1643 1678 1702 172 3 6 9 12 15 18 2 M 27
: 35 1790 1513 1847 1875 1903 1931 1959 1987- 2014 3 & 8 1} M 17 20 2 25
AT Y |%§-13EI5 E':i':'!EI]E-:] a(“iiaﬁw Sth 056 295 NN 24E NS RO WY WS WP 3 5 6 11 13 36 18 21 -M
a3%0 2355 2380 2405 2030 2456 2430 2504 2529 2 5 7 0 2 )5 17 N
| . i 2577 201 2625 2645 2672 2695 - 2718 2742 2265 2. S5 7 9 12 14 16 19 N
; e 2810 2833 2856 2578 2000 2993 245 297 YW I 4 7 9 MW B 16 18
i 3022 3054 3075 0% 3118 39 360 MB 3201 2 4 6 B 11 W 15 17 19
! M a243 5263 2284 3204 3324 3345 3365 3385 Ad04 2 4 6 8 10 12 14 16 18
8 Mid 364 3483 3502 3522 3541 560 579 3WE 2 4 6 8 W 12 M 15 17
<3 6 6% VA 2692 WV IM0 W4T 766 B 2 4 6 7 9 1} 13 15 17
4 3570 3838 3856 3874 3892 3909 3927 W5 We2 2 4 5 7 v oM 12 14 16
Uit 3997 4014 4031 4048 4065 4062 4009 4116 433 2.3 5 7 9 10 12 14 15
. 2 4100 4183 4200 4210 4232 4249 4265 4281 4298 2 3 5 7 B 10 1L 13 15
i 4330 436 4062 4378 4393 M09 4425 440 456 2 3 5 o B 9 U 13 M
23 07 4502 4518 4533 4546 4564 4579 4534 400 2 3 5 6 0§ 9 11 12 M
g 4629 ASEd 66O 4653 4698 4713 4728- 4742 4757 1 3 4 6 7 9 10 12 13
£ Aoh AR 4B14 4829 4843 4857 4871 9886 4900 1 3 4 6 7 9 10 11 13
13 4928 4942 4955 4969 4982 49%7 5013 5024 SU38 1 3 4 6 7 8 W Y 12
n 65 5079 5092 5105 511y 5132 55 5150 5172 1. %3 4 8§ 7 B 9 11 12
73 5193 511 5234 57 5250 M6 5276 S0 B2 1 3 4 5. 6 8 9 10 12
¥ H320 5340 5353 5366 Sa% 5301 8403 5416 5426 1 3 4 5 6 8 9 101
i * $453 5465 5478 5490 5502 S514 5527 5539 5861 & 2 4 5 6 7 9 10 11
% 5575 5567 6599 5611 5623 G635 5647 5658 S5670° 1 2 4 5 6 7 8 101
22 56904 5705 5717 6729 5740 5752 5763 5775 S7%6 L 2 3 S5 677 B8 O W
a3 5508 5821 5832 5843 5855 5866 5877 5SS 5899 I 2 3 5 6 7 & 9 1
i 5922 5933 5944 5955 5066 5977 SHBE 5999 6010 1 2 5 4 5 7 § 9 W
W 6071 o042 6053 6064 6075 G065 6096 A7 6117 1 2 3 4 8 e & 9 10
A1 8125 133 o149 6160 6i70 6180 6191 6200 6112 6222 1 2 3 4 5 & 7 8 9
47 6233 6243 6253 6263 6274 6284 6294 63 6314 6325 1 2 3 4 3 6 7 8 9
45 G335 6345 6355 6365 6375 6365 6395 6605 6415 6425 ¢ 2 3 4 5 6 7 8 9
41 5836 Gl4d 6J54 HI0E G474 6484 6493 6503 6519 6522 1 2 3 4 B 6 7 B 9
45 6532 6542 6351 6561 6571 6550 6590 65% 6609 6618 1 2 3 4 5 6 7 8 ¥
46 6628 6537 o6H6 6656 GE6S 6675 6684 6693 6702 6M2 1 2 3 4 5 6 T 7 &
47 G621 6730 670 6749 6758 6767 6776 6785 6704 6803 1 2 3 4 5 5 & 7 8
48 6812 6821 6830 6839 6848 0857 6866 6875 6884 6893 1 2 3 4 4 S5 o6 7 8§
49 6902 6UI1 6920 6928 6937 6946 6955 6964 @72 691 1 2 3 4 4 5 o6 7 &
50 . 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067 1 2 3 .3 4 5 & 7 8
51 e 7084. 7093 7H00 7110 718 7126 7135 743 782 1 2 3 3 4 5 6 7.8
52 7IS0 ‘768 7177 MES 193 7202 A0 7A8 TR 73S ) 2002 3 4 5 & 7 7
53 73 T6N MY N7 7S M4 7292 7300 708 M6 L 2 2 3 4 5 6 6 7
G4 7324 7332 7340 7346 7356 7304 7372 7380 738 M6 1 2 2 3 4 5 6 6 7
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Appendix 1295 ) 1296 Fundamentals of Statistics 9134
: TABLE
I
N TR e A i T e L Mean Diffreies ' ANTI-LOGARITHMS
LI« s TS R R o R : 0 1 2 3 4 5 6 7 ] 9 Mean Differcuces
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A1E-  Appeicin Taoks 9134 9134 Hgerdinlades A-17
Table A9  Critical Values for F Distributions (cont.) Table A9 Critical Vahues for F Distributions fcont.)
ST T o Fij = ¥, = numecator df
" 1 2 3 P f 7 3 . . & ¥ ” = o i Y i 2 1
; 204 210 205 200 198 1.9 193
a0 | 34 2% 2% 20 23 22 2 2m 25 5 : ' : il LR U
s W 4@ e s @ @ 28 am am 4 4 e ;ﬁ Rl T
010 007 70 Niy R W TAD R WL . 3 66 A Coash Ry ey R e 118
Tl R T i S R e 3 I o R IR 5L
' 210 205 201 1.96 1.93 191 1.89 1.87
100 110 27 Bl R S - i AR g : : 156 L8 180
W W 4w Tu Rl e 3w UBe Sin lﬁ o R B R e YRR T AT
010 836 651 556 504 469 446 438 413 403 4y o TR LI R SRR - SRR TR 1
M) fam lem Tie "R T ik em| e g R R A R SR R
: 206 2 19 T S SR 183
100 307 210 249 2% m 221 216 22 29 182 179 176
S oo b o vegy RS Wty Vg - nes S 2 ey SN e Taw el ' 3n 207
e | Deey Ve Vg Fige SR n. gl ' ik R R R I R T
o | 168 1 934 825 157 109 614 64 . 626 ' g: ol T R TR N LT
: 3 L 2] 199 194 TR R Y i I 7
100 305 267 6. me Saa s 2.13 209 206 - 175 172
o 0 4% 149 367 s Al Do Clon  Clagg sy Vaig A0 3R S A R R R L s s
i s i o SR (I oS L < TR o 369 385 i.u I S T T R T RS T S ] 276
o0 | 11z 1097 B0y, Tas T Uigm Vs 5 lswm PR TR B S S R S~ 1 A -
100 30 264 28 W 1M LS5 20 2 . 2 20 196 191 1% 18 18 L 176 135 172 169
0 050 445 3.59 320 296 281 270 261 255 249 31;; :“J: i'zl 3.‘: 7;“ 115 110 28 206 201 197
010 240 611 510 el e 410 103 379 168 a4 A 1 “ .07 3.00 292 287 25 bty o 266
M | ST 066 T 168 1@ 6% 62 5% 55 55 3R U505 47 40 48 4 4 4B 4 3w
i 1.98 193 1.89 1.84 180 1m 175 174
= 100 00 . 262 242 229 220 213 208 W 20 - . ‘ . 112 1.6 1.66
3 18 £50 aa 335 116 293 277 266 258 251 246 et g i e 4 3l 206 104 202 197 192
i a0 | 8% el £000 i s TENE Y Ak T At AT L ST SR L A SRy R SRt K2
£ M| 1538 1039 849 746 6Bl 635 602 516 536 53 513 ;. 43 4l 4l 45 a6 a0 O e
H 100 299 261 0z s o 206, Al e 19 191 1.86 L8l 178 176 n L7 170 1.67 1.64
§ Loy o a3 352 i3 maa 2 Nahy asy Vs e O ol e e Ll w07 203 00 198 19 188
! T B Y S0Le 450 417 394 3T 36 1R L CIE = R R R T SR e S
¥ 401 | 1508 1006 828 72 66 618 S5 S 53 R o A e R e S R
e 5o s ORISR S RIon RT 0. SRR 194 189 % P IR R 16 16 16 161
o 0 s = B0 e aadat o s ol RN s 23 oz s T Tam SR Sege Dl o ies Ve 185
99 S i P v N g - e s Aar 02 Dem o aty  Tiae SIS il SRS | VIRRE W - e
01 | 1482 995 810 710 646 602 56  SH4 S 58 4k 4% 42 AR 40 38 am 3N AW 340
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001 13,88 927 745 649 549 546 515 491 471 456 431 406 kN 363 15 in 328 2 3.06 291
100 29 252 231 217 208 201 196 192 1.88 1.86 181 1.76 L7 167 1.65 1.61 1.59 158 154 151
o i PN 19 3 Ma 9o ag siapl g 1 215 200, 19 194 190 185 182 1.80 175 170
10 1n 553 4.64 4,14 R 359 342 329 118 309 2% 8 266 25 250 242 236 233 223 214
001 13.74 9.12 136 64! 5.80 §38 507 a8 464 448 424 199 n 356 34 330 321 115 299 284
100 20 251 20 LW QLU 195 191 187 = 185 180 175 170 166 1.64 160 158 1.57 1.53 150
n 80 420 1335 2% LN W2 A 3 ! 220 213 2,06 19 192 158 184 181 179 17 168
P o010 768 549 460 41 iy, (M S T (O 1 1 ‘ 106 293 278 263 X 7 e L 233 19 10 2.1
001 1361 902 s R T O NS 500 476 457 441 4 n 3.66 349 33870 3 14 308 292 278
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TABLED.1 AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION
Example :
Pt{0< 2 <1.96) = 04750
Pi(Z >1.96) = 05 - 04750 = 0.025

z 00 o1 02 0 o 05 5% 07 B £ ]
0.0 0000 0040 0080 0120 0160 0199 0239 027 (319 .03%
01 0398 0438 0478 0517 0557 0596 0335 081 (N4 07
02 0793 0832 .0B71 0910 0948 .0987 1026 .108* .03 .11
03 179 f217 1255 4203 1331 1368 1406 1443 MBD 15y

04 554 1581 1628 1664 4700 1736 1772 1808 344 1B
05 915 1950 1965 2019 2054 2088 2123 2197 2190 .2en

06 2257 2291 2324 2357 2389 2422 2654 28 BT 259
o7 2580 26V1 2642 2673 2704 2734 2784 279 B23 %2
08 2881 2910, 2939 2967 2935 3023 305% 3013 06 34
09 158 3186 3212 3238 3264 3289 3315 .3 W8S W@
1.0 B413 3438 3481 3485 3508 .3S31 3554 .38 589 .32

L1 3643 3665 0586 3708 3729 3749 3TV .3 3810 .30

12 3849 3869 .3888. 3907 3925 .3944 3962 .33 ISOT A(S

13 4002 4049 4066 4082 4099 4115 4131 417 4162 4N7
14 A192 4207 4222 4236 4251 4285 4279 422 A308 49
15 A302 4345 4357 4370 4382 4394 4408 448 Aa28 AN

16 4452 4463 4474 4484 4495 4505 4513 4535 4535 4MS
1.7 4454 4584 4573 4562 4591 4509 4603 486 4623 433
18 4641 4542 4656 4564 4671 4678 4581 403 4B%: 406
18 ATV3 ATI9 4726 4732 - AT3B  AT4C 4750 476 4761 4067
. 20 4772 ATI8 4783 4788 AT93 4798 4805 4N8 48u 17

21 4621 4826 4830 4834 4BI3 4342 484 40 485 45T
22 ABGY 4834 4868 4BT 4875 4878 4881 432 48§ 430
23 4893 4898 4898 4001 4904 4506 4008 4311 461 4916
24 4918 4920 4922 4925 4927 4929 4901 4832 493 4938
25 4938 4040 4041 4043 4D45 4946 4343 4843 4951 4952

26 4353 4955 4955 4957 4959 4960 4081 452 48R 9G4
27 4965 4966 4967 4968 4960 4970 4001 472 40N T4
28 4974 4975 AS76 4877 4977 4978 4975 479 4980 4381
29 4081 4982 4962 A9B3 4084 4984 4955 4385 405 4986
30 4987 4987 4907 4088 4938 4089 .49 4889 480 499¢C

Note: This table gives tho area in the right-hand 1ad of the distrbubon (1.2, 7> 0).£.1 sixve the rorma!
Gistadutian is symmetncal about Z = 0, e area in the lefthand talis 12 samé 38 e wrea 1 the caresponding
fight-hand tai, For example, P{~198 < Z < 0) = 0.4750. Therafore, P-1.96 < 2 < 136) = 2(0.4750) 2 295.
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TABLED2 PERCENTAGE POINTS OF THE [DISTRIBUTION

Example
Pe (1> 2 036) = 0,026
Pr{ls1725) w005 forglw?20
Pr (it > 1.725) =010 "
t
F 0.2 0.10 0.05 0.025 001 0.005 0.001
di v 0.50 020 0.10 005 002 0010 _ 0.002
1 1.000 3078 6314 12,706 31821 63657 31831
2 0.816 1.636 2920 4,303 6965 9.925 22327
3 0.765 1.638 2353 3.182 4541 5841 10.214
¢ 0.741 1533 2132 2.776 3747 4.604 7.473
= 5 0.727 1476 2015 257 3365 4032 5833
€ " | o7 1.440 1,943 2447 3.143 3.707 5.208
7 0.711 1415 1,695 2.365 2998 3499 4785
] 0.708 1.397 1.860 2.306 2.896 3355 4501
$ 0.703 1.383 1833 2262 2821 325% 4297
A
10 0.700 1312 1812 2228 2,764 3.159 4148
11 0.697 1363 1.795 2201 2ns 3.108 4.025
2 0.695 1.356 1.782 2479 2681 3.055 3.930
13 0.694 1350 1Lm 2.160 2650 3012 3.852
1% 0692 1345* | 1761 2.145 2624 2977 3.787
15 0691 | 1381 1.753 2131 2602 2947 3733
1; 0.6%0 187 1.746 2.120 2583 2921 3685
17 0.689 1333 1,740 2.110 2,567 2898 3.645
16 0.688 1.330 1734 2.101 2.552 2.878 3610
13 0,688 1328 1.729 2.093 2,539 2.851 3.579
Fo) 0687 1325 1728 2086 2.528 2.845 3552
2 0686 1323 1.721 2.080 2518 28n 3527
% 0686 1321 177 2074 2.508 2819 3505
ks 0.885 1319 1.71¢ 2059 2500 2,807 3485
3 0.685 1318 171 2064 | 2492 2797 3467
4 450
5 0684 1316 1.708 2.060 2485 2787 3.4
% 0.684 1315 1,708 2.056 2479 2779 3435
F1] 0684 1314 1.703 2052 2473 27 3421
o) 08683 1213 1.701 2,048 2.467 2763 3408
@ 0.683 131 1693 2045 | 2482 2756 3396
»n . 0.683 1310 1.697 2042 2457 2750 3.385
.20 0681 1.303 1.684 2021 2423 2704 3207
80 0679 1296 1.671 2.000 2330 2680 3232
120 0677 1.289 1658 1.980- 2358 2617 3.160
. e 0674 1282 1.645 1.960 2326 2576 3.09

mmmmmnmuﬂummkmmmmmmwm
5 the area in both tads. ) ] 2 iy

snmsﬁma.smwa.uumm,ammmbrmui.xm_ A
Cambridga Unhversay Press. New York, 1966. Reproduced by pormission of ine ediors and Uustees of Biomelnia.
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163 APPENDIXD: STATSTICAL TABLES 9134 9134 '
YABLEDA UPPER PERCENTAGE PCINTS OF THE x2 DISTRIBUTION
Example a
Pe{x? > 1085) =095 . s ;
Prix?>2383) =025 fordf=20
Pr(x? > 31.41) =005 ;
e area L
w2
L :l \
0 1085 238 u4l
Cegraes ™ Pr 750 500 2% a0 050 025 0ig s
of Iregdom 395 530 975 550 800 G i)
1015308 454337 13230 2.70854 384146 5.02389 663450 7.87944
1 39270¢ x 1070 157088 1077 982059 x 1077 JINMx W V1578 575364 128679 277759 4.60517 599147 7316 92103 10.5966
2 0100251 0201007 0506356 do2se 21078 421253 2736597 410835 5.25139 781473 934840 113449 128381
3 anree 114832 215795 31846 58495 182255 235670 538527 7.77544 9.43773 14433 - 132787 14,8602
: - ) 4 e 5 oy ; 460 435148 662968 923635 11.0705 12.8325 15,0863 16.7496
5 AU74 554300 Ba211 LS4 161001 :f;m 524812 7.84080 10,6446 12,5916 14,4484 168119 18.547:
8 15727 £72085 1237247 16353 220413 25485 534531 9.03115 120170 14,0671 15.0128 184753 et
? 589265 1.239043 1.65987 216735 2833t hrose 734412 10,2158 133515 15,5073 175346, 200802 219550
8, 1344419 1546482 291973 . 273264 2489% aoes 834283 319887 148837 169190 19.0228 216560 235893
g 1734526 2087312 270039 Ixs5H 416815 934182 125483 15.8871 18.3070 20.483% . 232083 25.1882
0 215585 255821 324697 3840% 43651 ?gf: 103410 13,7007 17.2750 19.6754 21.9200 24.7250 26.7569
1 260321 305347 381575 457481 557713 143842 143403 14,8454 18,5494 21,0281 233387 262170 zazus;
12 307382 357056 440379 SZB0 63038 20506 123208 15.98% 19.8119 22,3621 24.7356 27.6883 2981
13 356503 410691 500874 $89186 704190 wises | 49309 74170 21,0542 236848 26.1150 29.1413 31.3193
14 407468 4.66043 562672 657063 778853 ; 16238 182451 23072 24 9958 27.4884 30,5779 328013
15 450084 522035 626214 126000 85467 ::gﬁ pepiond 19,3658 215418 26,2962 288454 318085 ¢ 342672
16 5.14224 ' s61221 6.90766 736164 93122 IEITQQ 16.3381 20,4887 24.7690 27.58N1 301910 334087 35.7185
17 569724 5.40776 756418 867U 100852 18753 17.3379 21,6049 259894 28.6693 31,5264 348053 37.1584
18 826481 701881 823075 0390% 108640 14,5620 12277 7178 27.2006 20.1435 852 36,1908 85822
19 684308 763273 890655 101170 116508 < R 87 284120 31,4104 4.16% 37.5682 39,9953
2 74386 | B2604 95008 108508 12442 bt Jen@ 298151 M6MS  J5ATEY  BER 41400
21 803368 59720 10,2823 115913 18239% 112356 21.3370 2.0 308133 28204 26,7807 402894 42,7956
2 854272 954240 109223 123380 140415 Wiy 723080 271413 30069 31725 38.0757 41,6584 41813
p<] 8.26042 1019567 116885 130905 48479 10312 *23.2367 28.2412 13,1953 364151 39.3641. 429138 45.5585
24 9.88823 10.8564 124011 138484 156587 24335 22089 343816 37,6525 40,6465 443141 46.9278
2 105157 115240 13,0197 US4 A7 e M mews s Bme  M@R 67 s
26 11.1603 12198 138439 153791 172988 217404 26,3963 .54 35,7412 40.0133 431984 46.9530 436443
2 11,8076 12,6786 145733 161513 B11M 76512 273363 R625 375159 413312 44,4607 432182 509923
2 124613 13,5648 15,2079 #9279 1893 215806 28332 187108 39.0875 425550 45,7222 495879 52.3356
23 1321 14.2565 16,0471 17708 19767 " S S 025 ans ©97%2 508522 536720
% 137887 148535 167308 4gs 2509 i S S SLAB0 SIS ST GAN7  667eS9
40 20.7065 221643 24433 %500 2050 a8 193340 6.3%6 83.1671 67.5048 71,4202 76.1539 79,4900
50 27.3907 27067 323574 M6 T8 prpary 599347 6.9014 742970 79.0619 £3.2976 883794 919517
60 35538 374848 404817 Q18n 5458 Sk ety - 90,5312 95,0031 100425 104.215
70 4327152 454418 487576 5§73 55329 ::'ﬁ:: 793343 £8.1303 96.5782 101879 106.629 112.329 116321
LY 51.1720 53.5400 57.1532 603915 65271 sa‘sw 8932 98,6459 107.555 113,145 118,136 124116 128299
% 59.1963 617541 65,6466 01260 B2 popeny 423341 19,141 118.498 124.342 129561 135,807 140.189
160° 673276 700648 74219 T2 A% :

*For & greater than 100 the expression /2;% — {26~ 1) = Z tcows the standadized rrmal dstrituésn,

whare k represents the degroes of freedom.

42 -

43

tmetrika Tables for Statisticians, vol. 1, 34 ed., lable 8, Cambridge
m:mlmasmwu.ouxmmqemmm -
Ushvars3y Press, New York, 1956, Ragroduced by permission o the editors and trustees of Biometaka.
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900 APPENDIXD: STATSTIGALTABLES : 9134 9134 . ]
TABLEDSA . 5 o s o i i e
DURBIN-WATSON ¢ STATISTIC: SIGHIFICANCE POINTS OF d; AND o, AT 0,05 LEVELOF SGNFICHICE T 15 T T o o BRRSdn J ef Monincl
T pa s 7 o 4 . o — S S — ®  S———" . & i & G &

i BT NET R, | i AAAE S ARl 2 AN | JRP 7 e o, 0 AL 050, 0 e Sl W
LU I TR TR TR TR VR SRRt TR VR - S T —“—:-m 000 oyt g IS e e T R i e by, pia i

. © W oM Q0N o0er AMP - = e Bt (e & L
8 8% B e S A L ™ S ™ |'°‘,,;m||”3.u1un)m— A Sk onle 5 _ MRk e Rl ey s’ i,
T T~ Y LR P e S R O S RS e = 16 0M0 AW 010 AN 041 Je 00 38 - - = L T e K, L R
§ erey Le sk i gl e e ak S T R s R i D T T T TR L i AR SRR
S 0824 1300 0823 1699 0455 LIB B 1MW —~ - - =~ = - = o = om - B §o0301 247 028 A Gl I o1 3448 gon 3583 - 3-;? D F PRI R AR
10 GOTH 1300 Q&7 1641 0535 26 0% 241€ 020 2B ~ = - e m = = = = 2 0 2897 G287 022 32 018 139 0-1?; :::: 5;13 3‘5‘)‘: 2078 35 bUA M) o w, om
TOORT LI QE 16 0535 1320 Dol 2263 03K ZR5 0N IWE =~ e A = w = . 2 a3 2820 OF1 24 o I o2m A o.:u 137 pier 456 G101 A7 QOIS eI OGu AT - —
12 o9 130t 8412 1573 OM%H 125 0812 2110 AN 26% OMEIERN WM IR - — = = - = 24 0431 2761 032 2908 3297 3083 02:3 ;-ﬁ': :'w 351 6471 HC 0130 343 dg J60e 4065 372 004 Ared
151010 138} QRE1 1S ONE 1515 05N 20 045 229 ONS 22 0200 298 00 IW - - - = ‘ W Lo e Gl 2 ok e R A

o 1 B i« GOST 3632 0O AT
G 179 0205 333 9% e o120 35 O §
1105 L350 035 1551 Q757 (7T OW 20% QSC5 2298 0% 2512 0285 258 0% i T 3NO £ e 172 iﬁ ?n: :2: ::; :in 3tz 02 4213 QI0F 3ME SH§ 340 042 34D GO 36
5107 1381 %6 155 OMC 1T 0885 167 002 220 047 247 O3 2027 025 ZEW GATE 16 L3 333 : B O °-::: im Sua 2w oM 207 OMS 2030 0Z A1 0202 I 0N IIN I\ YK i‘-;i ‘-;:;2!
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