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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 English or Hindi, but the same medium should be used
throughout the paper.

3. The question paper consists of six questions. Answer any five questions.
4. All questions carry equal marks.
5. Use of simple non-programmable calculators is allowed.

6. Statistical tables are attached for your reference.

Qs 1 (a) Define multicollinearity with examples. What are the consequences of severe
multicollinearity for the OLS estimates? How can you detect multicollinearity in a
regression model, and what remedial measures do you suggest addressing it?

b) Write any six assumptions of Classical Linear Regression Model (CLRM).

c¢) Given the data find slope and intercept:

Y 70 65 90 95 110 | 115 120 | 140 | 155 150

X 80 100 | 120 | 140 | 160 | 180 |200 |220 |240 |260

(6+6+6)
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Qs 2 a) In a simple linear regression model predicting house prices (Y) based on square
footage (X), you obtain the residuals and perform a Jarque-Bera (JB) test for normality.
The test results are:

o JB statistic = 4.82
e p-value =0.089
1. State the null and alternative hypotheses for the Jarque-Bera test.

2. Interpret the JB statistic and p-value in this context.

b) An economist wants to study the relationship between GDP growth (Y) and
investment in infrastructure (X) in the economy. The estimated model is:

In (Y)=2.35+0.04X + ¢

Interpret the coefficients and calculate the approximate percentage change in GDP
growth for a 1-unit increase in infrastructure investment (X).

c) A researcher is studying the effect of education level on monthly income. She collects
data and creates dummy variables for four education categories: Primary, Secondary,
Graduate, and Postgraduate. She includes all four dummy variables along with an
intercept term in her OLS regression model. What problem arises when all four dummy
variables are included in the model alongside the intercept? Explain the underlying cause.

(6+6+6)

Qs 3 (a) The relationship between infant mortality rate (IMR) and the expenditure on
immunization programmes for children (IMMUN) in lakhs of rupees for 63 districts of
India is postulated by the following two alternate models:

Model A: IMR; = a; + a,IMMUN; + u;
Model B: IMR; = B, + B,IMMUN, + BsIMMUN;?> + v,

The R? for Model A and Model B are 0.6152 and 0.8254 respectively. Use a suitable test
at 5% significance level to decide which model you would prefer (restricted or
unrestricted). State the null and alternate hypothesis clearly.

b) What is the problem with using R*? How does adjusted R? overcome this problem?
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(c) Using data on sales of cameras (SALES) and its price (PRICE in thousands of rupees)
for 17 brands, the effect of price on sales is given by:

Sales; = 112.85 — 2.375Price;
t= (3.43) (—3.06)

R?=0.6452
Interpret the slope coefficient. Construct a 95% confidence interval for the slope
coefficient. Also, interpret R2.

(6+6+6)
Qs 4 (a) Explain the concept of Dummy Variable Trap.

b) Find slope and elasticity for the following model:
In(Y)=B0+B(1/X)+u

(c) Using data on labor and capital for 123 firms, the Cobb-Douglas production function
is estimated:

In(output,) = 0.79 + 0.988 In(capital;) + 0.204In(labour;)

Standard errors: (0.008) (0.325) (0.1008)

Rz=0.979
Name the functional form of the regression model. Interpret the slope coefficients.
What is the nature of returns to scale exhibited?

(6+6+6)

Qs 5 (a) In the regression model,
Yvi - Al + A2X2i + A3X3l' + Ul

Suppose X1 =10+ 3X[i
Can we uniquely estimate the original parameters A[l, A[], and A[1?
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b) Consider a cross-sectional model of petroleum consumption:
pcons, = 4101 + 0.16Reg; — 1885price;

N=50 R%=0.76

where pcons = petroleum consumption in the i state
reg = motor vehicle registrations in the i state

price = price of petrol in the i state

(1) Interpret the estimated regression. Are the signs of the coefficient according to your
expectation?

(i1) To investigate the possibility of heteroscedasticity caused by variation in the size of
the states, explain the steps in White’s test methodology.

(iii) If the estimated R?= 0.85 for the auxiliary regression, what do you conclude? State
the null and alternate hypotheses clearly. What will be the degree of freedom? Critical
chi-square value at 5% level of significance being 11.07.

(c) Outline the steps involved in applying the Durbin-Watson test to check for serial
correlation in a regression model.

(6+6+6)

Qs 6 You are given the following data set with three observations:

Observations X Y
1 1 5
2 2 8
3 3 10
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1. Calculate the estimates of the slope coefficient ; and intercept S, using
Ordinary Least Squares (OLS). Using the estimated equation, predict Y when
X=4.

il. Explain the difference between the error term and the residual in regression
analysis.

1il. Consider the estimated regression equation:

Y, =10 + 5X;

If X; = 4 and the actual observed Y; = 32, calculate residual e;.

(6+6+6)

9T 1 (F) TEEWAT FI 3GTEI0T Aigd IRATS Hifore| /iR sgav@dr &

NTHTH 3Teholehl X FAT YROTH glad 82 3T U YiaeHT AlsdT & qg&ium

HT Tl HH M SE fAvee & AU 39 Hid & ITARICHAS 3UT goAd

87

@) T YWF gfderda Aser (HTA3RTH) $T Fi5 S8 YR Af@u)

@3N f&T 1T 37Tehsh & MUR W e AT A AT TSI

Y [70 [65 |90 [95 |110 |115 [120 |140 |155 |150
X |80 [100 |120 |140 [160 |180 |200 |220 |240 |260
(6+6+6)
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TR 2 () Teh Tl YW UTATaAT AlSl H, ST HBlT I HHAd (Y) Fr

qalfelATe et BoT (X) F HUR W MAT ST g, A9 3T 9o i g

IR grEETar fr S F T FE-a (Sd) gdeTor R B

qJ&TOT S IRUMH 3H YK &

o ST FITETHI=4.82

p- HTeT = 0.089

[98)

. SIh-a7 GETOT & fIv e IReedar 3R dehfeus aRemeus faf@u]

A

. 39 Ged H Sier Fifegdhr 3R p-AE Fr earear Hifaw]

(W) Teh HIRTEAT IrTeqaedT H Hehol B 3cUTG T gig (Y) AR giwamdr arr

# AT (X) & S HE BT IFEATA HAT TR &1 IJATAT AT TH Foh

& In(Y)=235+0.04X + ¢

I[UTIhT T eATEAT HITAT qur giAaer e & =aer (X) & 1518 gig & fav

e gig 7 3regaTiaia wfderd aRadsr & aorr Hifsw|
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() T NeHar AfdF 3T W RNET TR & J7T F7 JeTTT W &1 I8

3Ths ThT Hldl ¢ 3R IR e Aot grafaes, Areaf@es, Tades, 3R
WREATTS & [T 3HT W T4 g1 T8 NTaed i Alsel H 3o Tl IR”

SHT W Pl T FAY & AT AfAST X gl 0 Tufa & Fla-dr gaear

3cUel Bl 8739 HAEAT & Hel HROT FHI ATEAT R (6+6+6)

TR 3 (%) AR & 63 foiell & foIv RIY HoF X (IMSTHIN) 3R seal & faw
SRRl SHRIHAT T eI (ATSUATAYUS) ol T0dl #, & o Hae &l

fArIfaf@d & dehfeus Algell garT <gerd fhar ar—m &

Hisel A: IMR; = a; + a,IMMUN; + u;

Hisel B: IMR; = By + B,IMMUN; + B;IMMUN;* + v,

ASoT A 3R AlSd B TATR2 S AT HHA: 0.6152 3T 0.8254 &1 5% Aged TR
W%W@ﬁ%ﬁwwwqﬂwwmaﬁﬁc%mm

Alsel T WrATASAT &3 (STaafed ar 3ufasf@a)| e IReEes iR dhfeusn

IRereTaT I TOSe &7 T faf@u)
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(W) R&T 3UART e 7 T FAEAT 5?2 FARNTGIT R* $H HATAT &l H8 oI

LT g7

@) 17§87 & ToIT $eRT &1 foshr 31X 39T FAd (IR T9AT H) & sl T
Waﬂﬁgn,%ﬁrwaﬁﬂaa:qmaﬁﬁmwﬁmw%:
Sales; = 112.85 — 2.375Price;

t= (3.43)  (-3.06)

R?=0.6452

ardl d\IDUIich A sgrear fifSv| ot a;ruw & TIT 95% Ta2arT 3¥alel &l

faaToT AT arr & R2ET sarEar fifav (6+6+6)

g 4 () SHT TX STl HI AeheUsdT TASC FHIFAT]

@) fAfaf@a Arsa & fov e 3R a aa fifaw:

In(Y)=B0+B(1/X)+u

(M) 123 GAT & AT 437 T Toll W 3T FT 3TN FHA U, Hle-39Ted

3cUTC elel I 3T HTe 7T YR oPTAT AT 7
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In(output,) = 0.79 + 0.988 In(capital;) + 0.204In(labour;)

Aot 3T (0.008) (0.325) (0.1008)

R?=0.979

FIaTHeA HISHT o HATcHS §I HT AH TASV| STl 0TI I ATEAT HIfAT|

S Al H Yeiid YA & Jidhel T Thid Fa1 §?
(6+6+6)
Ty 5 () AT @d e AlseT #,
Y, = Ay + AyXy + AsXs + U

AT NfSAT P X0i=10+3X0i

AT §H HA el AL, AL, 3R AL & IEfacT §9 & 3Hehelsd L Hehd o7

(@) IITH 3N HT Ueh IITEY-HhIC AlSel 3H FehR T I g

pcons, = 4101 + 0.16Reg; — 1885price;
N=50 R2=0.76

T8l peons =1 d T H Uil gs TS
reg=1id Tod H FHICT ATgA TollehoT
price=id T H el T FrAT

9
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(i) 3TTATAT GTRTHT T SR HITTT| &A1 UMl & el el Y&t &

(i) TSAT & PR H Featdl & PRUT 3cded fATHAGAAT HT THTGAT ST AT

FL & ToIT, g8 TUETOT Fr Igid & TN I FHSST|

(iii) I FETTh FTIHET & T AT R?=0.85 8, @ 39 &1 forsehy

foenrela? T IRe@eTaT 3R dspfeus aReedsr Tose &0 ¥ faf@u| @

HIfe FaT B 5% FAged TR W Thfeha FS-aeT &1 AT 11.07 AT =1 B

(31) e Alsel H HWelleg gAY Sl S & [T sfaa-arcast glefor #i

] X H AT WU Y WWifehd MFTI

(6+6+6)

10
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YT 6. IR e YeTul arelr Aeafai@d 22T A fear a[-m §:

SaToT X Y
1 1 5
2 2 8
3 3 10

iv. () WTURYT FEcad 9 fAT &1 3T A el 0T B, 3R

37ERIY B, o 3MTeheTehl I TUTAT HITST| HTATIAT FHAIARIOT T 3UGTaT

A T X =48l W Y T YalfaAe HST

v. (@) 9faarEsT favelwor & Ffe ge 3R 3GV & & 3R Tuse

FITaT|

vii.  fArfaf@d segATaa gfaese T W) faar fifs:

Y; =10 + 5X;

Ife X, =4 ¢ 3R aeafas ofeia ATy, =328, aF 3199 ¢, I avrar HifSw]

(6+6+6)

11
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Table B-1 Critical Values of the t-Distribution

Lovel of Significance
Degrees of  One-Sided: 10% 5% 25% 1% 0.5%
Freedom Two-Sided: 20% 10% 5% 2% 1%

1 3.078 6.314 12.706 31.821 63.657

2 1.886 2.920 4.303 6.965 9.925
3 1.638 2.353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 2.571 3.365 4032
6 1.440 1.043 2.447 3.143 3.707

7 1.415 1.805 2.365 2.008 3.499
8 1.397 1.860 2.308 2.806 3.355
a 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.356 1.782 2179 2.681 3.055
13 1.350 1.771 2.160 2.650 3.012
14 1.345 1.761 2.145 2.624 2977
15 1.341 1.753 2.131 2.602 2.047
16 1.337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.808
18 1.330 1.734 2.101 2.552 2.878
19 1.328 1.729 2.003 2.539 2.861
20 1.325 1.725 2.088 2.528 2.845
21 1.323 1.721 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.219 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2.750
40 1.303 1.684 2.021 2.423 2.704
60 1.206 1.671 2.000 2.300 2.660
120 1.280 1.658 1.980 2.358 2.617

(Normal)

® 1.282 1.645 1.960 2.326 2.576

Source: Reprnted from Table IV In Sir Ronald A. Fisher, Statistical Methods for Research
Workers, 14th ed. (copyright © 1970, University of Adelalde) with permission of Hafner, a
aNvision of the Macmilian Publishing Company, Inc.

12
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Table B-2 Critical Values of the F-Statistic: 5-Percent Level of Significance
vy = Degrees of Freadom for Numerator

© 0 N O s WN -

- mh =k o=
w N -0

vy = Degrees of Freedom for Denominator
N = = b b =k =
O © 0 N OO0 M

N
—

3 N

24

Source: Abriaged from M. Marmington and C. M. Thompson, “Tables of parcentage points
of the Inverted beta ) distribution,” Blometrika, Vol. 33, 1943, p. 73, by permission of the

1

161
18.5
10.1
7.71
6.61
5.09
5.59
5.32
5.12
4.06
4.84
4.75
4.67
4.60
4.54
4.49
4.45
4.41
4.38
4.35
4.32
4.30
4.28
4.26
4.24
417
4.08
4.00
3.92
3.84

200
19.0
9.55
6.94
5.79
5.14
4.74
4.46
4.26
410
3.98
3.89
3.81
3.74
3.68
3.63
3.59
3.55
3.52
3.49
3.47
3.44
3.42
3.40
3.39
3.32
3.23
3.15
3.07
3.00

3

216
10.2
9.28
6.59
5.41
4.76
4.35
4.07
3.86
3.71
3.59
349
3.41
3.24
3.20
3.24
3.20
3.16
3.13
3.10
3.07
3.05
3.03
3.01
2.99
2.92
2.84
2.76
2.68
2.60

4

225
10.2
9.12
6.39
5.19
4.53
412
3.84
3.63
3.48
3.36
3.26
3.18
3.11
3.06
3.01
2.06
2.93
2.90
2.87
2.84
2.82
2.80
2.78
2.76
2.69
2.61
2.53
245
2.37

230
10.3
9.01
6.26
5.05
4.39
3.97
3.69
3.48
3.23
3.20
3.11
3.03
2.06
2.90
2.85
2.81
2.77
2.74
2.7
2.68
2.66
2.64
2.62
2.60
253
2.45
2.37
2.29
2.21

234
10.3
8.04
6.16
405
4.28
3.87
3.58
3.37
3.22
3.09
3.00
2.92
2.85
2.79
2.74
2.70
2.66
2.63
2.60
2.57
2.55
2.53
2.51
2.49
2.42
2.34
2.25
2.18
2.10

7

237
10.4
8.89
6.09
4.88
4.21
3.79
3.50
3.20
3.14
3.01
201
2.83
2.76
2.71
2.66
2.61
2.58
2.54
2.51
2.49
2.48
2.44
2.42
2.40
2.33
2.25
217
2.09
2.01

239
10.4
8.85
6.04
4.82
4.15
3.73
3.44
3.23
3.07
2.95
2.85
2.77
2.70
2.64
2.59
255
2.51
2.48
2.45
2.42
2.40
2.37
2.36
2.34
2.27
2.18
2.10
2.02
1.94

10

242
10.4
8.79
5.96
4.74
4.06
3.64
3.35
3.14
2.08
2.85
2.75
2.67
2.60
2.54
2.49
2.45
241
2.38
2.35
232
2.30
2.27
2.25
2.24
2.16
2.08
1.99
1.01
1.83

12

244
10.4
8.74
5.01
4.68
4.00
3.57
3.28
3.07
2.01
2.79
2.69
2.60
2.53
2.48
2.42
2.38
2.34
2.31
2.28
2.25
2.23
2.20
2.18
2.16
2.09
2.00
1.92
1.83
1.75

248
10.4
8.66
5.80
4.56
3.87
3.44
3.15
2.94
2.77
2.65
2.54
2.46
2.39
233
2.28
223
2.19
2.16
212
2.10
2.07
2.05
2.03
2.01
1.03
1.84
1.75
1.66
1.57

254
19.5
8.53
5.63
4.36
3.67
3.23
293
2.71
2.54
2.40
2.30
2.21
213
2.07
2.01
1.96
1.92
1.88
1.84
1.81
1.78
1.76
1.73
1.71
i.62
1.51
1.39
1.25
1.00

13
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Table B-3 Critical Values of the F-Statistic: 1-Percent Level of Significance
v; = Degrees of Freedom for Numerator

© 0 N O s WN -

-t wh =h
N - O

- b eh =k -
O 0 N O,

v, = Degrees of Freedom for Denominator
T

o
(=

RRBRR

888

120

[ 2

Source: Abriaged from M. Merington and C. M. Thompson, “Tables of percentage points
of the Inverted beta () distribution.” Slometrika, Vol. 3, 1943, p. 73, by permission of the
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12

4052 5000 5403 5625 5764 5859 59028 5982 6056 6106 6209 6366

098.5
341
21.2
16.3
13.7
12.2
11.3
10.6
10.0
9.65
0.33
9.07
8.86
8.68
8.53
8.40
8.29
8.19
8.10
8.02
7.95
7.88
7.82
7.77
7.56
7.31
7.08
6.85
6.63

99.0
30.8
18.0
13.3
10.9
9.55
8.65
8.02
7.56
7.21
6.93
6.70
6.51
6.36
6.23
6.11
6.01
5.93
5.85
5.78
5.72
5.68
5.61
5.57
5.39
5.18
4.08
4.79
4.61

90.2
2905
16.7
121
9.78
8.45
7.59
6.99
68.55
6.22
5.5
5.74
5.56
5.42
5.20
5.19
5.09
5.01
4.04
4.87
4.82
4.76
4.72
4.68
4.51
4.31
4.13
3.95
3.78

99.2
28.7
16.0
114
9.15
7.85
7.01
6.42
5.99
5.67
541
5.21
5.04
4.89
4.77
4.67
4.58
4.50
4.43
4.37
4.31
4.26
422
4.18
4.02
3.83
3.65
3.48
3.32

09.3
28.2
155
11.0
8.75
7.46
6.63
6.06
5.64
5.32
5.06
4.86
4.70
456
4.44
4.24
4.25
4.17
4.10
4.04
3.99
3.94
3.90
3.86
3.70
3.51
3.34
3.17
3.02

20.3
27.9
15.2
10.7
8.47
7.10
8.37
5.80
5.39
5.07
4.82
4.62
4.46
432
420
4.10
4.01
3.04
3.87
3.81
3.76
3.71
3.67
3.63
3.47
3.20
3.12
2.96
2.80

90.4
L4 |
15.0
105
8.26
6.99
6.18
5.61
5.20
4.89
464
4.44
4.28
4.14
4.03
3.03
3.84
3.77
3.70
3.64
3.59
3.54
3.50
3.46
3.30
3.12
2.95

904
27.5
148
10.3
8.10
6.84
6.03
5.47
5.06
4.74
4.50
4.30
4.14
4.00
3.89
3.79
3.71
3.63
3.56
3.51
3.45
3.41
3.36
3.32
3.17
2.99
2.82

90.4
27.2
145
10.1
7.87
6.62
5.81
5.26
4.85
4.54
4.30
410
3.94
3.80
3.69
3.59
3.51
3.43
3.37
3.31
3.26
3.21
3.17
3.13
2.98
2.80
2.63

2.79 2.66 2.47

2.64

2.51

2.32

00.4
27.1
14.4
9.89
7.72
6.47
5.67
5.11
4.71
4.40
4.16
3.96
3.80
3.67
3.55
3.46
3.37
3.30
3.23
3.17
3.12
3.07
3.03
2.99
2.84
2.66
2.50
2.34
2.18

00.4
26.7
14.0
9.55
7.40
6.16
5.36
4.81
4.41
4.10
3.86
3.66
3.51
3.37
3.26
3.16
3.08
3.00
2.94
2.88
2.83
2.78
2.74
2.70
255
2.37
2.20
203
1.88

90.5
26.1
135
9.02
6.88
5.65
4.86
4.31
3.01
3.60
3.36
3.17
3.00
2.87
2.75
2.65
2.57
2.49
2.42
2.36
2.31
2.26
2.21
217
2.01
1.80
1.60
1.38
1.00

14



5572

(10-Percent Two-Sided Level of Significance)

Table B-4 Critical Values of the Durbin-Watson Test Statistics d; and dy:
5-Percent One-Sided Level of Significance
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Source: N. E. Savin and Kenneth J. White, “The Durbin-Watson Test for Serial Correlation
with Extreme Sampie Stzes or Many Regressors,” Econometrica, November 1977, p. 1994.

Reprinted with permission.

Note: N = number of observations, K = number of expianatory vanables excluding the constant
term. We assume that the equation contains a constant tefm and no lagged depandcent vanabies.
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Table B-6 The Chi-Square Distribution

Degroes Lovel of Significance
of (Probability of a Value at Least as Large as the Table Entry)
Fraedam 10% 5% 2.5% 1%
1 2.7 3.84 5.02 6.63
2 4.61 5.90 7.38 9.21
3 6.25 7.81 0.35 11.34
4 7.78 0.49 11.14 13.28
5 024 11.07 12.83 15.00
6 10.64 12.59 14.45 16.81
7 12.02 14.07 16.01 18.48
8 13.36 15.51 17.53 20.1
E 14.68 16.92 10.02 21.7
10 15.00 18.31 205 232
1 17.28 10.68 219 247
12 18.55 210 233 26.2
13 19.81 224 247 27.7
14 211 23.7 26.1 20.1
15 223 250 275 30.6
16 235 26.3 288 320
17 248 276 30.2 334
18 26.0 289 315 348
19 27.2 301 329 36.2
20 284 314 342 376

Source: Based on Biomelrka Tables for Statisticians, Vol. 1, 3rd ed., 1966, with the permission
of the Blomelrika trustees.

Note: The tabie piots the cumulative probabliity Z > Z.

(300)
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