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SECTION -I
All Questions are compulsory

1. a) Define the concept of a forecast horizon. Explain why the choice of forecast horizon is
important in forecasting and how it affects forecast accuracy.

b) Distinguish between the forecast object and the forecast statement. Explain how the way
a forecast is stated can affect decision-making. (5, 5)

2. a) Describe the sales force composite method of forecasting. Briefly explain any two of its
advantages and disadvantages.

b) A firm has very limited historical data but needs to prepare a short-term sales forecast. Which
judgmental forecasting method would you recommend? Justify your answer. (5, 5)

SECTION -1
Attempt any two questions out of three

3. The following data relate price (in $7000) to mileage (mpg) for a sample of automobiles:

Observation 1 2 3 4 5
Mileage (X) (mpg) 20 22 25 28 32
Price (YY) ($°000) 24.8 17.9 11.0 13.1 6.6
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a) Estimate the regression model Y = a + bX.

b)Using the model, forecast the price when X = 27 and construct a 90% prediction
interval for the forecast at X = 27.

c¢) Compute the coefficient of determination R?and interpret. (5,5, 5)

4. The following data represent the monthly demand for a product:

Month 1123|456
Demand Y, | 50 | 55| 53 | 60 | 62 | 65

a) Compute forecasts for periods 4, 5, and 6 using a 3-period moving average.

b) Using simple exponential smoothing with « = 0.5 and F, = Y;, compute forecasts up
to period 7.

c) Compare the two methods using MSE and comment on which responds faster to
changes in demand.

5. The quarterly sales of a product are given below:

Year Q1 Q2 Q3 Q4
1 100 120 140 160
2 110 132 154 176

a) Estimate seasonal indices using the ratio-to-moving-average (CMA) method.

b) Deseasonalize the series and identify the trend

¢) Using the multiplicative decomposition model, forecast the sales for Year 3, Q1.
(6, 4,5)

SECTION -I11
Attempt any two questions out of three

6. a) Define an AR(1) and MA(1) process. State the condition for invertibility of MA(1).
b) Derive the autocorrelation function of an MA(1) process and show that
p1#0and p, =0fork > 1
c) Compare the ACF patterns of AR(1) and MA(1) processes and explain how they guide
model identification.
d) Derive the variance of an MA(1) process and explain how the parameter faffects the
magnitude of autocorrelations. (5,5,5,5)

7. a) Outline the Engle—-Granger two-step procedure for testing cointegration.
b) Explain how residual-based unit root testing is used to test for cointegration.
c) Discuss limitations of the Engle-Granger approach.
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d) A long-run relationship between Y and X is estimated as follows:
Y; =12+ 09X; + u;
The residuals i,are tested using an ADF test. The test statistic is —3.4, and the 5%
critical value is —3.0. Test whether Y; and X, are cointegrated. Clearly state the null
hypothesis and the conclusion. (5,5,5,5)

a) Define Granger causality and write down the regression equations used to test it.
State the null and alternative hypotheses for Granger causality.
Derive the F-statistic used in testing Granger causality and explain its interpretation.
Consider the following estimated model:

Vi=aot+t a1V g+ oY p + BiXe 1 + BaXe—o + Ut

It is given that Restricted RSS (excluding X): RSS, = 120

Unrestricted RSS (including X): RSS,,, = 100

Sample size: n = 30

Number of parameters in unrestricted model: k = 5

Test whether X Granger-causes Yat the 5% level using the F-test. (5,5,5,5)
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1. @) qategAr e &1 arom # RN HIfSU| qaeqAE # qalgH
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YR 3R fohar SITem §IYaeiATT & MR W o o= & gfshar gsiad gt
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2. %) T9shT ool GHT qaTeA A &1 auie RITST| S8 fheer ar ot 3R
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b)Wﬁ%WﬂﬁﬁﬁE%ﬂ&gﬁ%ﬁﬁa%‘,mﬁmﬁﬁ
YATTAT IR &l T TaRIehel §13M9 fohd AUTTcHs qatiaAre fafer & sregeran
HITATIN? 3T 3cck & 3T g fifav (5, 5)

ATar -1l

AT F ¥ fFegl ar WAl & 3cax dfSw

3. fAFATAf@d s $o Yhelar HRT & AU HAd (FoRT SleRk #) 3R AT
@Frer ufd ama) & 9T @Yy g &

Tdellshel 1 2 3 4 5

AEAS (X) (mpg) 20 22 25 28 32
=7 (Y) ($'000) 248 179/ 11.0,  13.1 6.6
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(5, 5,

a) dlel 3afe & AT Talel &1 3UANT oleh AT 4, 5 AR 6 & faw

QAT AT Sl 0T HIFAT|

b) @ = 0.5 AR F2 = Y1 & &Y T G TRUIT & 3947 A g,

3afer 7 d& qaiefAEl $Y 0T HIfT]

¢) UATHS T 3YANT &ich alel afeat T ol HIfoT 3N aa &

AT H dcod & Ui T @ [ g & gfafemar & g1
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IGLINER faeTEr 2 Qe 3 a4
100 120 140 160
110 132 154 176

a) HIGHT Gl HT ITHART ol & foIv IRA-g-Afdar-valsr (divaw)
fafr &1 39T Hifaw]

b) S@elm & HiGHT germal I gerhl Ygfed I TgeleT HIfAT|

¢) IUNcHS TEE HISel HT 3TN HId gy, I a¥ Fr gger fAFE &
forw foshr 1 qalegar o]

(6, 4, 5)

@s - I
DT F ¥ FEl & weAl F 3caw QST

6. a) AR(1) 3R MA(1) 9fshar T aReEd HfSTl MA(1) S sgcshaoiirdr
T Aqd FaASy|
b) T MA(1) 9fhar & 3ifeiaiReres Bare & gcdest difare 3R fGamd
o
p1 # 0 AR pk = 0, 56T k > 1
¢) AR(1) 3R MA(1) ufsham3it & ACF Yeet T Jefel dhifaw 3R o
& 3 Alsa ggaraT & F FERT = §
d) MA(1) 9T &1 fa=RoT ATd fifew 3R gasmsT & Refex 00ug
JiTeIIRerle o IRHATIT HF gefad Lt gl (5, 5, 5, 5)
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7. a) PISCEIRIT & T & fav Wra-3eR a-arofT gfsear i saar
EId FIfST]
b) WHASST f& afAse-3menia ges Hel GeTor Sl 3UAIT HE-Uehlehior
& gdieTor & faw S fRar Srar g

) TIA-IoR EfehIuT HI HARNT W ==t HfFw|
d) Y 3R X & & Srerenliclsh HEE &1 T eloild TR @ o@ma
ST 8

Yt = 1.2 + 0.9bbt + ut
37afAse u@t F INETOT ADF GJ&TOT HI 3UANET deh [ohdT ST gl
TIETT W -3.4 §, 3R 5% FgcaquT AT -3.0 &1 gdefor
ST o &1 vt AR bbt HE-Uehlehel 81 FASC & § TAU fohefe
gReedsr AR fashy|(5, 5, 5, 5)

8. WIS HRUTAT &l IR RAT 3R gTAT TN&T0T A & fow 39rer
fhT 1T arel SfaerAsT ol S |

b) ISR RO & AT LT 3R dhfods TREHeTAT TAST|

¢) ISR HRUTAT & GUEIUT & GYFd UH-FITETH HT GcUeel HTAT 3R sqhT
STET T AT

d) AT IgATT Alsa | R fifsw:
Yt =aQ + a1Yt-1 + a2Yt-2 + B1bbt-1 + p2bbt-2 + ut
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dHA &I 3MPR:n = 30

3mfasfad Afser & AMEst fr TEank = 5

S fh FERoR-PRUEEUE-SEE &I 3YIRT e 5% TR R (5, 5,
5,5
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A: Normal probabilities

Table entry is the probability in the
right-hand tail of a standard normal
distribution (mean 0 and standard
deviation 1). For negative values of z,
probabilities are found by symmetry.
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Statistical tables

Probability

Second decimal place

of z

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 | 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
0.1 | 04602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247
0.2 | 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897  0.3859
0.3 | 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520  0.3483
0.4 | 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
0.5 | 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
0.6 | 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514  0.2483  0.2451
0.7 | 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177  0.2148
0.8 | 0.2119 0.2090 0.2061 0.2033  0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
0.9 | 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
1.0 | 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401  0.1379
1.1 | 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
1.2 | 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003  0.0985
1.3 | 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 | 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
1.5 | 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571  0.0559
1.6 | 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
1.7 | 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
1.8 | 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
1.9 | 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239  0.0233
2.0 | 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183
2.1 | 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
2.2 | 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110
2.3 | 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
2.4 | 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
2.5 | 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
2.6 | 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
2.7 | 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
2.8 | 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
2.9 | 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
3.0 | 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
3.1 | 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
3.2 | 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
3.3 | 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
3.4 | 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
3.5 | 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
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B: Critical values for t statistic

Table entry is the point ¢ with the
probability p lying above it. The first
column gives the degrees of freedom.
Use symmetry for negative ¢ values.
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Probability p
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Tail probability p

df | 0.1 0.05 0.025 0.01 0.005
1| 308 6.31 1271 31.82  63.66
2189 292 4.30 6.96 9.92
3| 164 235 3.18 4.54 5.84
4 | 153 213 2.78 3.75 4.60
5| 148 2.02 2.57 3.36 4.03
6| 144 194 2.45 3.14 3.71
71141 1.89 2.36 3.00 3.50
8 | 140 1.86 2.31 2.90 3.36
9| 1.38 1.83 2.26 2.82 3.25

10 | 1.37  1.81 2.23 2.76 3.17

11 | 1.36  1.80 2.20 2.72 3.11

12 | 1.36  1.78 2.18 2.68 3.05

13 | 1.35 177 2.16 2.65 3.01

14 | 1.34  1.76 2.14 2.62 2.98

15 | 1.34  1.75 2.13 2.60 2.95

16 | 1.34 1.75 2.12 2.58 2.92

17 | 1.33  1.74 2.11 2.57 2.90

18 | 1.33 1.73 2.10 2.55 2.88

19 | 1.33 1.73 2.09 2.54 2.86

20 | 1.33  1.72 2.09 2.53 2.85

21 | 1.32 1.72 2.08 2.52 2.83

22 | 132 1.72 2.07 2.51 2.82

23 | 1.32 171 2.07 2.50 2.81

24 | 132 171 2.06 2.49 2.80

25 | 1.32 171 2.06 2.49 2.79

30 | 1.31  1.70 2.04 2.46 2.75

40 | 1.30  1.68 2.02 2.42 2.70

50 | 1.30  1.68 2.01 2.40 2.68

60 | 1.30  1.67 2.00 2.39 2.66

70 | 1.29  1.67 1.99 2.38 2.65

80 | 1.29  1.66 1.99 2.37 2.64

90 | 1.29  1.66 1.99 2.37 2.63

100 | 1.29  1.66 1.98 2.36 2.63

oo | 1.28 1.64 1.96 2.33 2.58

80%  90% 95% 98% 99%

Confidence level

10
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C: Critical values for F statistic

Table entry is the point F' with the
probability p lying above it. The first
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Statistical tables

A . Probability p
column gives the df in the
denominator, the column headings
give the df in the numerator. The r
second column gives the value of p.
denom. numerator dfy
dfy » 1 2 3 4 5 6 7 8 9 10
0.10 39.9 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2
1 0.05| 1614 199.5 2157 224.6 230.2 234.0 236.8 238.9 240.5 241.9
0.01 | 4052.2 4999.5 5403.4 5624.6 5763.6 5859.0 5928.4 5981.1 6022.5 6055.8
0.10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39
2 0.05| 18,51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40
0.01 98.50 99.00 99.17  99.25 99.30 99.33 99.36 99.37  99.39 99.40
0.10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23
3 0.05] 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
0.01 34.12 30.82 29.46 28.71 28.24 2791 27.67 2749 27.35 27.23
0.10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92
4 0.05 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96
0.01 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.55
0.10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30
5 0.05 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74
0.01 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.05
0.10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94
6 0.05 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06
0.01 13.74 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87
0.10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70
7 0.05 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64
0.01 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62
0.10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54
8 0.05 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
0.01 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81
0.10 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42
9 0.05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14
0.01 | 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26
0.10 3.28 2.92 2.73 2.61 2.52 2.46 241 2.38 2.35 2.32
10 0.05 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98
0.01 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85

11
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Appendix Il 623

11 12 13 14 15 20 25 30 60 120 00
60.5 60.7 60.9 61.1 61.2 61.7 62.1 62.3 62.8 63.1 63.3
243.0 2439 2447 2454 2459 2480 2493  250.1 2522  253.3  254.3
6083.3 6106.3 6125.9 6142.7 6157.3 6208.7 6239.8 6260.6 6313.0 6339.4 6365.8

9.40 9.41 9.41 9.42 9.42 9.44 9.45 9.46 9.47 9.48 9.49
19.40 1941 1942 1942 1943 1945 1946  19.46 1948 1949  19.50
99.40  99.42  99.42 9943 9943 9945 9946 9947 9948 9949  99.50

5.22 5.22 5.21 5.20 5.2 5.18 5.17 5.17 5.15 5.14 5.13
8.76 8.74 8.73 8.71 8.7 8.66 8.63 8.62 8.57 8.55 8.53
27.13  27.05  26.98  26.92 26.9  26.69 26.58 26.50 26.32  26.22  26.13

3.91 3.90 3.89 3.88 3.87 3.84 3.83 3.82 3.79 3.78 3.76
5.94 5.91 5.89 5.87 5.86 5.80 5.77 5.75 5.69 5.66 5.63
14.45 1437  14.31 14.25 1420 14.02 1391 13.84 13.65 13.56  13.46

3.28 3.27 3.26 3.25 3.24 3.21 3.19 3.17 3.14 3.12 3.10
4.70 4.68 4.66 4.64 4.62 4.56 4.52 4.50 4.43 4.40 4.36
9.96 9.89 9.82 9.77 9.72 9.55 9.45 9.38 9.20 9.11 9.02

2.92 2.90 2.89 2.88 2.87 2.84 2.81 2.80 2.76 2.74 2.72
4.03 4.00 3.98 3.96 3.94 3.87 3.83 3.81 3.74 3.70 3.67
7.79 7.72 7.66 7.60 7.56 7.40 7.30 7.23 7.06 6.97 6.88

2.68 2.67 2.65 2.64 2.63 2.59 2.57 2.56 2.51 2.49 2.47
3.60 3.57 3.55 3.53 3.51 3.44 3.40 3.38 3.30 3.27 3.23
6.54 6.47 6.41 6.36 6.31 6.16 6.06 5.99 5.82 5.74 5.65

2.52 2.50 2.49 2.48 2.46 2.42 2.40 2.38 2.34 2.32 2.29
3.31 3.28 3.26 3.24 3.22 3.15 3.11 3.08 3.01 2.97 2.93
5.73 5.67 5.61 5.56 5.52 5.36 5.26 5.20 5.03 4.95 4.86

2.40 2.38 2.36 2.35 2.34 2.30 2.27 2.25 2.21 2.18 2.16
3.10 3.07 3.05 3.03 3.01 2.94 2.89 2.86 2.79 2.75 2.71
5.18 5.11 5.05 5.01 4.96 4.81 4.71 4.65 4.48 4.40 4.31

2.30 2.28 2.27 2.26 2.24 2.20 2.17 2.16 2.11 2.08 2.06
2.94 2.91 2.89 2.86 2.84 2.77 2.73 2.70 2.62 2.58 2.54
4.77 4.71 4.65 4.60 4.56 4.41 4.31 4.25 4.08 4.00 3.91

12
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Statistical tables

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

3.23
4.84
9.65

3.18
4.75
9.33

3.14
4.67
9.07

3.10
4.60
8.86

3.07
4.54
8.68

3.05
4.49
8.53

3.03
4.45
8.40

3.01
4.41
8.29

2.99
4.38
8.18

2.97
4.35
8.10

2.96
4.32
8.02

2.95
4.30
7.95

2.86
3.98
7.21

2.81
3.89
6.93

2.76
3.81
6.70

2.73
3.74
6.51

2.70
3.68
6.36

2.67
3.63
6.23

2.64
3.59
6.11

2.62
3.55
6.01

2.61
3.52
5.93

2.59
3.49
5.85

2.57
3.47
5.78

2.56
3.44
5.72

2.66
3.59
6.22

2.61
3.49
5.95

2.56
3.41
5.74

2.52
3.34
5.56

2.49
3.29
5.42

2.46
3.24
5.29

2.44
3.20
5.18

2.42
3.16
5.09

2.40
3.13
5.01

2.38
3.10
4.94

2.36
3.07
4.87

2.35
3.05
4.82

2.54
3.36
5.67

2.48
3.26
5.41

2.43
3.18
5.21

2.39
3.11
5.04

2.36
3.06
4.89

2.33
3.01
4.77

2.31
2.96
4.67

2.29
2.93
4.58

2.27
2.90
4.50

2.25
2.87
4.43

2.23
2.84
4.37

2.22
2.82
4.31

2.45
3.20
5.32

2.39
3.11
5.06

2.35
3.03
4.86

2.31
2.96
4.70

2.27
2.90
4.56

2.24
2.85
4.44

2.22
2.81
4.34

2.20
2.77
4.25

2.18
2.74
4.17

2.16
2.71
4.10

2.14
2.68
4.04

2.13
2.66
3.99

2.39
3.09
5.07

2.33
3.00
4.82

2.28
2.92
4.62

2.24
2.85
4.46

2.21
2.79
4.32

2.18
2.74
4.20

2.15
2.70
4.10

2.13
2.66
4.01

2.11
2.63
3.94

2.09
2.60
3.87

2.08
2.57
3.81

2.06
2.55
3.76

2.34
3.01
4.89

2.28
2.91
4.64

2.23
2.83
4.44

2.19
2.76
4.28

2.16
2.71
4.14

2.13
2.66
4.03

2.10
2.61
3.93

2.08
2.58
3.84

2.06
2.54
3.77

2.04
2.51
3.70

2.02
2.49
3.64

2.01
2.46
3.59

2.30
2.95
4.74

2.24
2.85
4.50

2.20
2.77
4.30

2.15
2.70
4.14

2.12
2.64
4.00

2.09
2.59
3.89

2.06
2.55
3.79

2.04
2.51
3.71

2.02
2.48
3.63

2.00
2.45
3.56

1.98
2.42
3.51

1.97
2.40
3.45

2.27
2.90
4.63

2.21
2.80
4.39

2.16
2.71
4.19

2.12
2.65
4.03

2.09
2.59
3.89

2.06
2.54
3.78

2.03
2.49
3.68

2.00
2.46
3.60

1.98
2.42
3.52

1.96
2.39
3.46

1.95
2.37
3.40

1.93
2.34
3.35

2.25
2.85
4.54

2.19
2.75
4.30

2.14
2.67
4.10

2.10
2.60
3.94

2.06
2.54
3.80

2.03
2.49
3.69

2.00
2.45
3.59

1.98
241
3.51

1.96
2.38
3.43

1.94
2.35
3.37

1.92
2.32
3.31

1.90
2.30
3.26
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11

12

13

14

15

20

25

30

60

120

2.23
2.82
4.46

2.17
2.72
4.22

2.12
2.63
4.02

2.07
2.57
3.86

2.04
2.51
3.73

2.01
2.46
3.62

1.98
241
3.52

1.95
2.37
3.43

1.93
2.34
3.36

1.91
2.31
3.29

1.90
2.28
3.24

1.88
2.26
3.18

2.21
2.79
4.40

2.15
2.69
4.16

2.10
2.60
3.96

2.05
2.53
3.80

2.02
2.48
3.67

1.99
2.42
3.55

1.96
2.38
3.46

1.93
2.34
3.37

1.91
2.31
3.30

1.89
2.28
3.23

1.88
2.25
3.17

1.86
2.23
3.12

2.19
2.76
4.34

2.13
2.66
4.10

2.08
2.58
3.91

2.04
2.51
3.75

2.00
2.45
3.61

1.97
2.40
3.50

1.94
2.35
3.40

1.92
2.31
3.32

1.89
2.28
3.24

1.87
2.25
3.18

1.86
2.22
3.12

1.84
2.20
3.07

2.18
2.74
4.29

2.12
2.64
4.05

2.07
2.55
3.86

2.02
2.48
3.70

1.99
2.42
3.56

1.95
2.37
3.45

1.93
2.33
3.35

1.90
2.29
3.27

1.88
2.26
3.19

1.86
2.22
3.13

1.84
2.20
3.07

1.83
2.17
3.02

2.17
2.72
4.25

2.10
2.62
4.01

2.05
2.53
3.82

2.01
2.46
3.66

1.97
2.40
3.52

1.94
2.35
3.41

1.91
2.31
3.31

1.89
2.27
3.23

1.86
2.23
3.15

1.84
2.20
3.09

1.83
2.18
3.03

1.81
2.15
2.98

2.12
2.65
4.10

2.06
2.54
3.86

2.01
2.46
3.66

1.96
2.39
3.51

1.92
2.33
3.37

1.89
2.28
3.26

1.86
2.23
3.16

1.84
2.19
3.08

1.81
2.16
3.00

1.79
2.12
2.94

1.78
2.10
2.88

1.76
2.07
2.83

2.10
2.60
4.01

2.03
2.50
3.76

1.98
2.41
3.57

1.93
2.34
3.41

1.89
2.28
3.28

1.86
2.23
3.16

1.83
2.18
3.07

1.80
2.14
2.98

1.78
2.11
291

1.76
2.07
2.84

1.74
2.05
2.78

1.73
2.02
2.73

2.08
2.57
3.94

2.01
2.47
3.70

1.96
2.38
3.51

1.91
2.31
3.35

1.87
2.25
3.21

1.84
2.19
3.10

1.81
2.15
3.00

1.78
2.11
2.92

1.76
2.07
2.84

1.74
2.04
2.78

1.72
2.01
2.72

1.70
1.98
2.67

2.03
2.49
3.78

1.96
2.38
3.54

1.90
2.30
3.34

1.86
2.22
3.18

1.82
2.16
3.05

1.78
2.11
2.93

1.75
2.06
2.83

1.72
2.02
2.75

1.70
1.98
2.67

1.68
1.95
2.61

1.66
1.92
2.55

1.64
1.89
2.50

2.00
2.45
3.69

1.93
2.34
3.45

1.88
2.25
3.25

1.83
2.18
3.09

1.79
2.11
2.96

1.75
2.06
2.84

1.72
2.01
2.75

1.69
1.97
2.66

1.67
1.93
2.58

1.64
1.90
2.52

1.62
1.87
2.46

1.60
1.84
2.40

1.97
2.40
3.60

1.90
2.30
3.36

1.85
2.21
3.17

1.80
2.13
3.00

1.76
2.07
2.87

1.72
2.01
2.75

1.69
1.96
2.65

1.66
1.92
2.57

1.63
1.88
2.49

1.61
1.84
2.42

1.59
1.81
2.36

1.57
1.78
2.31
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2498

Statistical tables

1

2

3

4

5

6

7

8

9

10

23

24

25

26

27

28

29

30

40

50

60

100

200

1,000

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

2.94
4.28
7.88

2.93
4.26
7.82

2.92
4.24
7T

291
4.23
7.72

2.90
4.21
7.68

2.89
4.20
7.64

2.89
4.18
7.60

2.88
4.17
7.56

2.84
4.08
7.31

2.81
4.03
717

2.79
4.00
7.08

2.76
3.94
6.90

2.73
3.89
6.76

2.71
3.85
6.66

2.55
3.42
5.66

2.54
3.40
5.61

2.53
3.39
5.57

2.52
3.37
5.53

2.51
3.35
5.49

2.50
3.34
5.45

2.50
3.33
5.42

2.49
3.32
5.39

2.44
3.23
5.18

241
3.18
5.06

2.39
3.15
4.98

2.36
3.09
4.82

2.33
3.04
4.71

2.31
3.00
4.63

2.34
3.03
4.76

2.33
3.01
4.72

2.32
2.99
4.68

2.31
2.98
4.64

2.30
2.96
4.60

2.29
2.95
4.57

2.28
2.93
4.54

2.28
2.92
4.51

2.23
2.84
4.31

2.20
2.79
4.20

2.18
2.76
4.13

2.14
2.70
3.98

2.11
2.65
3.88

2.09
2.61
3.80

2.21
2.80
4.26

2.19
2.78
4.22

2.18
2.76
4.18

2.17
2.74
4.14

2.17
2.73
4.11

2.16
2.71
4.07

2.15
2.70
4.04

2.14
2.69
4.02

2.09
2.61
3.83

2.06
2.56
3.72

2.04
2.53
3.65

2.00
2.46
3.51

1.97
2.42
3.41

1.95
2.38
3.34

2.11
2.64
3.94

2.10
2.62
3.90

2.09
2.60
3.86

2.08
2.59
3.82

2.07
2.57
3.78

2.06
2.56
3.75

2.06
2.55
3.73

2.05
2.53
3.70

2.00
2.45
3.51

1.97
2.40
3.41

1.95
2.37
3.34

1.91
2.31
3.21

1.88
2.26
3.11

1.85
2.22
3.04

2.05
2.53
3.71

2.04
2.51
3.67

2.02
2.49
3.63

2.01
2.47
3.59

2.00
2.46
3.56

2.00
2.45
3.53

1.99
2.43
3.50

1.98
2.42
3.47

1.93
2.34
3.29

1.90
2.29
3.19

1.87
2.25
3.12

1.83
2.19
2.99

1.80
2.14
2.89

1.78
2.11
2.82

1.99
2.44
3.54

1.98
2.42
3.50

1.97
2.40
3.46

1.96
2.39
3.42

1.95
2.37
3.39

1.94
2.36
3.36

1.93
2.35
3.33

1.93
2.33
3.30

1.87
2.25
3.12

1.84
2.20
3.02

1.82
2.17
2.95

1.78
2.10
2.82

1.75
2.06
2.73

1.72
2.02
2.66

1.95
2.37
3.41

1.94
2.36
3.36

1.93
2.34
3.32

1.92
2.32
3.29

1.91
2.31
3.26

1.90
2.29
3.23

1.89
2.28
3.20

1.88
2.27
3.17

1.83
2.18
2.99

1.80
2.13
2.89

1.77
2.10
2.82

1.73
2.03
2.69

1.70
1.98
2.60

1.68
1.95
2.53

1.92
2.32
3.30

1.91
2.30
3.26

1.89
2.28
3.22

1.88
2.27
3.18

1.87
2.25
3.15

1.87
2.24
3.12

1.86
2.22
3.09

1.85
2.21
3.07

1.79
2.12
2.89

1.76
2.07
2.78

1.74
2.04
2.72

1.69
1.97
2.59

1.66
1.93
2.50

1.64
1.89
2.42

1.89
2.27
3.21

1.88
2.25
3.17

1.87
2.24
3.13

1.86
2.22
3.09

1.85
2.20
3.06

1.84
2.19
3.03

1.83
2.18
3.00

1.82
2.16
2.98

1.76
2.08
2.80

1.73
2.03
2.70

1.71
1.99
2.63

1.66
1.93
2.50

1.63
1.88
2.41

1.61
1.84
2.34
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11

12

13

14

15

20

25

30

60

120

1.87
2.24
3.14

1.85
2.22
3.09

1.84
2.20
3.06

1.83
2.18
3.02

1.82
2.17
2.99

1.81
2.15
2.96

1.80
2.14
2.93

1.79
2.13
2.91

1.74
2.04
2.73

1.70
1.99
2.62

1.68
1.95
2.56

1.64
1.89
2.43

1.60
1.84
2.34

1.58
1.80
2.27

1.84
2.20
3.07

1.83
2.18
3.03

1.82
2.16
2.99

1.81
2.15
2.96

1.80
2.13
2.93

1.79
2.12
2.90

1.78
2.10
2.87

1.77
2.09
2.84

1.71
2.00
2.66

1.68
1.95
2.56

1.66
1.92
2.50

1.61
1.85
2.37

1.58
1.80
2.27

1.55
1.76
2.20

1.83
2.18
3.02

1.81
2.15
2.98

1.80
2.14
2.94

1.79
2.12
2.90

1.78
2.10
2.87

1.77
2.09
2.84

1.76
2.08
2.81

1.75
2.06
2.79

1.70
1.97
2.61

1.66
1.92
2.51

1.64
1.89
2.44

1.59
1.82
2.31

1.56
1.77
2.22

1.53
1.73
2.15

1.81
2.15
2.97

1.80
2.13
2.93

1.79
2.11
2.89

1.77
2.09
2.86

1.76
2.08
2.82

1.75
2.06
2.79

1.75
2.05
2.77

1.74
2.04
2.74

1.68
1.95
2.56

1.64
1.89
2.46

1.62
1.86
2.39

1.57
1.79
2.27

1.54
1.74
2.17

1.51
1.70
2.10

1.80
2.13
2.93

1.78
2.11
2.89

177
2.09
2.85

1.76
2.07
2.82

1.75
2.06
2.78

1.74
2.04
2.75

1.73
2.03
2.73

1.72
2.01
2.70

1.66
1.92
2.52

1.63
1.87
2.42

1.60
1.84
2.35

1.56
1.77
2.22

1.52
1.72
2.13

1.49
1.68
2.06

1.74
2.05
2.78

1.73
2.03
2.74

1.72
2.01
2.70

1.71
1.99
2.66

1.70
1.97
2.63

1.69
1.96
2.60

1.68
1.94
2.57

1.67
1.93
2.55

1.61
1.84
2.37

1.57
1.78
2.27

1.54
1.75
2.20

1.49
1.68
2.07

1.46
1.62
1.97

1.43
1.58
1.90

1.71
2.00
2.69

1.70
1.98
2.64

1.68
1.96
2.60

1.67
1.94
2.57

1.66
1.92
2.54

1.65
1.91
2.51

1.64
1.89
2.48

1.63
1.88
2.45

1.57
1.78
2.27

1.53
1.73
2.17

1.50
1.69
2.10

1.45
1.62
1.97

1.41
1.56
1.87

1.38
1.52
1.79

1.69
1.96
2.62

1.67
1.94
2.58

1.66
1.92
2.54

1.65
1.90
2.50

1.64
1.88
2.47

1.63
1.87
2.44

1.62
1.85
2.41

1.61
1.84
2.39

1.54
1.74
2.20

1.50
1.69
2.10

1.48
1.65
2.03

1.42
1.57
1.89

1.38
1.52
1.79

1.35
1.47
1.72

1.62
1.86
2.45

1.61
1.84
2.40

1.59
1.82
2.36

1.58
1.80
2.33

1.57
1.79
2.29

1.56
1.77
2.26

1.55
1.75
2.23

1.54
1.74
2.21

1.47
1.64
2.02

1.42
1.58
1.91

1.40
1.53
1.84

1.34
1.45
1.69

1.29
1.39
1.58

1.25
1.33
1.50

1.59
1.81
2.35

1.57
1.79
2.31

1.56
1.77
2.27

1.54
1.75
2.23

1.53
1.73
2.20

1.52
1.71
2.17

1.51
1.70
2.14

1.50
1.68
2.11

1.42
1.58
1.92

1.38
1.51
1.80

1.35
1.47
1.73

1.28
1.38
1.57

1.23
1.30
1.45

1.18
1.24
1.35

1.55
1.76
2.26

1.53
1.73
2.21

1.52
1.71
2.17

1.50
1.69
2.13

1.49
1.67
2.10

1.48
1.65
2.06

1.47
1.64
2.03

1.46
1.62
2.01

1.38
1.51
1.80

1.33
1.44
1.68

1.29
1.39
1.60

1.21
1.28
1.43

1.14
1.19
1.28

1.06
1.08
1.11

(100)
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