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The above histogram is typical of many frequency distribut-
ions obtained from various types of measurements, like height
and diameter measurements, crop yields etc., They can be
considered as rough bell-shaped distributions. The mot
useful of these bell-shaped distributions is the F-3.o called
---ma distribution, the graph of which J. given in Fig.2.
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Table A in the Appendix contains values that represent
areas under the curve (34: figure The values of z in this
table are given to two decimal places, with the second
decimal place determining the column of the table to use. As
an illustration, suppose we vi oh to find the area under ti he

curve left to the mean 0 (hatched area).

In table A e read down the first col umn until the z value
-0.0 or 0.0 is reached, then across to the entry in the
column headed 0.00 to find 0.5000; this is the desired area.

The relationship between the standardized variable and the
original variable x can al so be expressed by

x zz t..i z

This relationship enables us to find the point z on the
standard normal distribution that corresponds to any point x
on the original normal distribution. The standardized
variable is therefore of great importance in statistical
tests.
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Fiz7,,, 4 :'.3catter oram aoo rrivtessi Line

To draw the regression line one needs substitute only two of
the given values oof x (preferably the =mallest and Liqgest
values of x) into the ea.t1on, for iosta,nce x, = I

= 14 to obtain the ordinat y, . 11-i i.Aed y,,
Connectind the two ordinats with a straight line
pxfondPd qnt*l. it touches the y o r i. n ives the
line. The value xe0 given = .549 (= the intercept
be also be used as the first C7,4 the two values of x.

Prediction

A regression y, = hx muy he used to predict valu!::,s o+
the parameter u, +or values o+ x that are not neceq
some o.f the prechosen values used for +itting the rgn .on

line. However, the ri,H-Jr;,F,sion equation should be i +or
prediction only by substituting r va],ue in the rango 04' Lhe
biggest and smallest of the r values that mere :1, ovo].

the fitting of the regression line.

The -following data represent measurements on the weight in
kg of the body and hindleg of 15 killed elephants



Z. 7

"

'

,

;H:

,t,,

s

hey

F1* tt
7

"J.

t

t tequi.



-3P-

In a simple correlation problem the relationship between the
twrandom variables y and x is measured y the !o called

,o_oorrelation coefficientytt is cif- by rr

Nov, to estimate a linear correlation coefficient a randc
sample of n pairs of measurements (y" is Ei.,E?lected
the -pulalion under study Before correlation cr.,mrattatiw
arerforn:.<1 certain conclusions can he drawn by construct-
ing scatter diagram for tha values as shown in
fig. 5

Fjr Scatter diagrams showing various degrees of
correlation

4.: 1*

:

(a) high pua f t i )"o (b) high ne
correlation correlat

y

(c) zoco correlation (d) zero correlation

t.f.r a

The points follow closely a straiyht line with positive
slope; a high positive correlation Exists between the
truco variables y and

tS b

The pirita follow closely a straight fine with negative
slope: a high negative correlation exists between the
two variables y and x-
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di+ference in the variable

3.7.1 .... ...... C:). e e

I) Con:Etruct a .5catt,er diagram for the (yx,)
values from *he sample

¡1r-r' ange the va/ues yi,x, as well a5 the 5ums
needed tu compute r in a table

Compute r, (100-r'')%

Ex r..f.t (T1 a 1

Compk.Ate and interpret the correlation coeit:.ient +or the
.folloLNing data

y (1/4eight) ! 17 18 20 16 22 19 15
- -!-

>t (height) 1 10 12 11 9 14 12

Fic 6. Scatter Diaqram

10.1

5.1

4

0.1- ----> x
5 10 15
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Three hyppthasis can be tested:

1) H. t, a, - = - 0

Hi at least one 04: the is not
equal to O.

?) Hro t = i'Sra = ,71,

H'i t at least oro of the pJ in not
equal to O.

3) Fro(cxp)., = ( a 13)? - (a p
""'p 0

Hui t at least one ol= the (0. f in not
equal to O.
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3,8.5.2 The Mathotatical Model

Each observation is ekpressed as folloAs

YiJkl = u

With

The restrictions on the todels are

a

\ j \ k

I /__

i=1 j- =1 i=1 i=i

a

= \ (0( = \ (4.x),)i, (S'A) ik

i- =1 k=1 k=1

I_

k=1

-99-

a

\ i ik= \ Lyk

i=1 j=1

.7 0

* PL(' i ik * i ik



IleAnEln_Slf_ttIJI.M.S2AtIComE9r1P9-T>.

is the total mean

mean effect of the it" level of factor A

mean effect of the jt" level of factor 2

mean effect of the kt" level of factor C

),A is the mean interaction of the ith level of factor
A and the it" level of factor B.

(,x;1 interaction of the ith level of factor A
and the kt" level of factor C.

)J1., interaction of the jt" level of factor
and the kt" level of factor C

interaction between the it" level of +act-
or A, the it" level of factor Ei and the kt"
level of factor C.

" deviation of the observation y, from the
mean of the ijk-hr, population.

The are assumed to be independent, normally distributed
variables with mean 0 and variance

Up to 7 hypothesis can be tested: these hypotIìPes are:

1) Hio = = = 0

Hil : at least one of the is not equal to zero

e



at least one of the (*i;k)i..iki s nc.-xt equatl to ..zero,

-101-

) L, -4 0

H. : at 1 east one of the /3A s not equal to zoro

H = = = 0

H,1 t at 1 east one of the /). s not equal to zero

4) 1-1.4c, ) 1 = ( ) = . .

at. least one of the

. = ( (!) ) o =

is not equal to zero

5) tr.: (2.. ) 1 = 0

t at 1 east one of the (ik ) i s not equal to zero

6) He,,Q : ) = = ( ) 0,.

(at 1 east one of the (( ) jk is not equal to zero

7) H.:7Q ) 3. = )L1 = H)' ) = 0
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11 Graphical representation of a least square line.

But in order to single our nne line which provides the
+it to the data points, we have to do+ine a criterion on t.
basis o+ which the best line can be determinod'4
equivalent to +inding the het vn cri b and h, +or
parameters (3, fld The criterion that is commonly
to del'ine the best 'fit is known as the method o-f.:
squares. Tho least-squares method requires that the lirl,.
fitted to time data so that the sum ni squares o+ the vertical
distances +rom the points to the line, represented by the.
sol id line segments on Fig. 11 in; a minimum.

These vertical distahcos that are the di++erences between
observed values and the predicted values o+ y are uno 'i

called errors or deviations, and denoted by e,, i=1,...,n,
The e, 's are the estimates o+ the true errors 6, i+
point y, lies above the line, e, is positiveh4 i+ y* lia
below :hure. e, is negative and i+ y, lies un the 1iL
ei=0. The least-squares problem is to minimize

r.:=

where s denotes tho error sum o+ squares o+ the 'f
i. line.
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(1) Reproduced fro: R.E. Yalpole: Introduction tu Statistics, 2nd Edition

Appendix

STATISTICAL TABLES

Table A. Areas under the Norial Curve

0.0 0,01 0.02 0.0 0.04 0.05 0.06 0.07 0.08 0.091

1

1-3.4 0.003 0.0003 0.0003 0.003 0.0003 0.0003 0.0003 0.0003 0.003 0.00021

1-3.3 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0031

1-3.2 0.00 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.005 0.005 0.0005:

1-3.1 0.0010 3 OO9 0.0009 0.0009 MOH 0.0000 0.000E MOH 0.0007 0.0007!

1 -3.0 0.0013 0.0E3 0.0013 0.0E2 0.0012 0.0E1 0.0011 0.0011 0.0M0 0.0010!

1 -2.3 0.0019 0.0019 0.0017 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.00141

H-2.8 omm 0.0025 0.0024 0.0023 0.0023 0.0022 0.021 0.021 0.0020

! -2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.00261

!-2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.037 0.0038 0.0037 0.0E61

-2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.00431

!-2.4 0.0092 0.090 0.0078 0.075 0.0073 0.071 0.0069 0.004E 0.0066 0.00641

-2 3mni 0.0104 0.0102 0.009 0.0096 0.0094 0.0091 0.00E9 0.0087 0.04!

1-2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.011M

-2.1 0.0179 0.0174 0.0170 0.66 0.0162 0.0158 0.0154 6.0150 0.0146 0.01431

0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.01831

1

1

1-1.9 0.3287 0.0231 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0=
1-1.8 0.0353 0.0352 0.0344 0.0336 0.0329 0.0322 0.014 0.030 0.0301 0.02941

1-1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.075 0.03671

1-1.6 0.0548 0.0537 0.0526 0.0516 0.505 0.0495 0.04E5 0.0475 0.0465 0.04551

1-1.5 0.0668 0.0655 0.43 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.05591

1



'., ? 0,0 0,001 0,02 1,001i !

; ,

,
'.,

-1,2
-1,1

151 )10.171.fl

-0,9 1 0,1736, 01711 1660 0.1635 0,1611.

-0,2

-0,9
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Tahie B. Critical Values of the Chi-Squares Distribution

Appepdix

STATISTICAL TABLES

(1) Reproduced frog R.E. Walpole: ihtrojuctioh to Statistics, 2hd Editioh

1 d.f 0.995 0.97 0.975 0.35 0,05 0.025 0.01 0.005 1

! 1 1 0.04393 1 0.03157 ! 0.03982 1 0.02993 ! 3.841 1 5.024 t 6.635 1 7.879 1

: 2 1 0.0100 1 0.0201 1 0.0506 1 0.103 1 5.991 ! 7.379 1 9.210 ! 10.597 1

1 3 1 0.0717 1 0.115 1 0.216 ; 0.352 : 7.815 1 9.348 1 11.345 ! 12.639 1

1 4 1 0.207 1 0.297 1 0.494 1 0.711 1 5.493 1 11.143 1 13.277 : 14.860

1 5 1 0.412 1 0.554 1 0.931 1 1.145 1 11.070 1 12.832 1 15.086 1 16.750 1

1

: 6

1

1 0.676

1

1 0.272

,
,

1 1.237

,
,

1 1.635

1

1 12.552 1 14.449 i

.

16.812 1

,

,

10.549 1

1 7 1 0.729 1 1.239 1 1.650 1 2.167 1 14.067 1 16.013 1 18.475 1 20.272 1

1 8

1 5

1

1

1.344

1.735

1

1

1.646

2.088

1

.

.

2.1E0

2.700

,
;

1

2.733
3.325

1

1

15.507 1

16.9191
17.535 1

19.0231
20.090 1

21.6661
21.955 1

23.5891
1 10
t

1 11

1 12

1

,

1

1

2.156

2.603
3.074

1

,

,
:

1

2.558

3.053
3.571

:
.

,
,

1

3.247

3.816
4.404

:

,

1

1

.
,

3.540

4.575
5.226

,

1

1

1

19.307 1

,

19.675 1

21.026 1

20.483 1

.

21.920 1

23.337 1

23.209 1

,
.

24.725 1

26.217 1

25.152 !

26.757 1

29.300 1

; 13 1 3.565 ,
. 4.107 ,

; 5.009 1 5.892 1 22.362 1 24.736 1 27.736 1 29.819 1

1 14 1 4.075 1 4.660 1 5.629 1 6.571 1 23.625 1 26.119 1 29.141 1 31.319 1

1 15 1 4.601 1 5.227 .
. 6.262 .

. 7.261 1 24.956 1 27.488 1 30.578 1 32.901 1

1

1 16 1 5.142

,

. 9.812
1

1 6.908

I
:

1 7.562

1

1

1

26.296 1

1

25.945 1

!

32.000 1

!

34.267 1

1 17 i 5.697 1 6.408 , ' 7.564 1 8.672 1 27.587 1 30.191 1 33.409 1 35.715 1

1 19 1 6.265 . 7.015 1 7.564 1 9.672 1 27.527 1 30.191 1 33.403 1 35.719 1

1 15 1 6.244 1 7.633 1 8.907 1 10.117 1 30.144 1 32.852 1 36.131 1 38.592 1

1 20 1 7.434 . 8.260 ' 9.531 1 10.251 1 31.410 1 34.170 1 37.566 1 39.997 1

1

; 21

f

, ' 5034
!

, 8.837

f

1 10.253

,

1 11.531

,
.

1 32.671 1

,

35.479 1

1

38.932 1 41.410 1

122 1 8.643 1 9.542 1 10.922 1 12.338 1 33.9241 4.7811 40.2891 42.7951
1 23 1 3.260 1 10.136 1 11.693 1 13.031 1 35.172 1 38.076 1 41.638 1 44.121 1

1 24 i 9.886 , 10.956 1 12.401 1 13.242 1 36.4151 39.3641 42.9801 45.5531
1 25 1 10,520 1 11.524 1 13.120 1 14.611 1 37.652 1 40.646 1 44.314 1 46.922 1

,

1 26

,

1 11.160 1 12.192

.
,

1 13.844

,

1 15.373

,
.

1

1

33.285 1

.

.

41.923 1

1

45.642 1

,

,

48.290 1

127 1 11.508 1 12.879 1 14.573 1 16.151 1 40.113 1 43.194 1 46.363 1 49.645 1

128 i 12.461 1 13.565 1 15.308 1 16.928 1 41.3371 44.4611 43.2781 50.5931
1 29 1 13.121 1 14.256 1 16.047 1 17.705 1 42.557 1 45.722 1 49.588 1 52-336 1

1 30 1 13.707 1 14.953 1 16.791 1 18.493 1 43.773 1 46.795 1 50.992 1 53.672 1

.
: ; !

.

. 1

:
1

,
. ,

.
1
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STATISTICAL TABLES

Table C. Critical values cf the t Distribution

1

; I

! d.f I 0.10 I 0.05 ! 0.025 ! 0.01 I 0.005

1 1

1 1 3.079 I 6.314 ! 12.706 I 31.821 63.657 1

2 I 1.986 I 2.320 I 4.303 I 6.965 1 9.925 I

3 1 1.638 I 2.353 1 3.182 ; 4.541 ; 5.841

I 4 1 1.533 2.132 I 2.571 I 3.747 4.604 I

I 51l4761.015 I 2.571 I 3.365 4,032 I

1 6 I 1.440 1.943 1 2.447 1 3.143 I 3.707 I

: 7 I 1.415 1 1.995 1 2.365 1 2.999 3.499 I

18 1 1.3971 1.860 1 2.3051 2.996 1 3.155 1

1 9 1 1.383 1 1.933 2.262 1 2.821 1 3.250 I

1 10 1 1.372 1 1.812 1 2.228 I 2.764 1 3.169

1 1

11 1 1.363 1 1.796 1 2.201 I 2.718 : 3.106 1

1 12 1 1.356 1 1.722 I 2.179 ! 2.681 1 3.055 1

1 13 1 1.350 1 1.771 1 2.160 1 2.650 1 3.012 1

1 14 I 1.345 1 1.761 1 2.145 1 2.624 1 2.377 1

1 15 1 1.341 I 1.753 1 2.131 1 2.602 1 2.947 ;

1

1 16 1 1.337 1 1.746 I 2.120 1 2.583 1 2,921 I

1 17 1 1.333 1 1.740 1 2.110 1 2.567 1 2.899 1

12 ; 1.330 1 1.734 1 2.101 1 2.552 1 2.972 1

1 19 1 1.328 1 1.729 1 2.093 I 2.539 1 2.961 1

1 20 I 1.325 1 1,725 1 2.036 1 2.523 1 2.245 1

1 1 1

21 1 1.323 1 1.721 1 2.030 1 2.518 I 2.911

1 22 I 1.3211 1.7171 2.0741 2.5081 2.9191
1 23 I 1.319 1 1.714 1 2.063 1 2.500 I 2.807 1

: 24 1 1.318 1 1.711 I 2.064 I 2.492 1 2.797 1

125 1 1.316 t 1.709 1 2.060 1 2.495 1 2.787 1

1

124 1 1.3151 1.7051 2.0551 2.4791 2.7791
1 27 1 1.314 1 1.703 2.052 1 2.473 1 2.771 I

1 28 1 1.313 1 1.701 1 2.048 1 2.467 ; 2.763 1

1 23 1 1.311 1 1.699 1 2.045 1 2.462 1 2.576 1

inf. 1 1

(1) REproduced froa R.E. ialpole: ihtroductioh to Statistics, 21-td EditiciP

Appendix
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STATISTICAL TABLES

Table .0 Critical Valuee of the Dietributiu, F005 ,n2)

(1) Reproduced froe R.E. Ralpole: Iritroductiou to Statistics, 2ud Editiou

Appeudix

,

, I
,

, I
,

,

215.7 I 224.6 I 230.2 1 234.0 I 236.8 I 232.9 ; 240.5 1

19.16 1 19.25 1 19.30 1 19.33 : 19.35 1 19.37 1 13.39 1

9.23 1 9.12 1 9.01 : 61..94 1 6.69 1 8.2.5 I 8.81 I

6.59 : 6.33 1 6.26 I 6.16 ! 6.03 1 6.04 I 6.00 I

.
. 1; . ,

5,41 1 5.19 ". 5.05 1 4.95 : 4.28 I 4.82 1 4.77 I

4.76 1 4.53 1 4.37 1 4.23 I 4.21 1 4.15 : 4.10 I

4.35 ! 4.12 : 3.97 ; 3.67 : 3.79 ! 3.73 1 3.66 1

4.07 1 3.24 I 3.69 1 3.52 1 3.50 I 3.44 : 3.39 1

3.64 ; 3.63 ! 3.48 : 3.37 I 3.29 1 3.23 I 3.19 I

, ! I

3.71 ! 3.48 : 3.33 : 3.22 1 3.14 1 3.07 : 3..02 I

3.59 1 3.36 : 3.20 1 3.09 ! 3,01 1 2.95 I 2.90 !

3.49 1 3.26 I 3.11 1 3.00 I 2.91 1 2.85 1 2.90 !

3.41 1 3.19 1 3.03 I 2.32 I 2.83 I 2.77 1 2.71 !

3.34 1 3.11 1 2.96 1 2.65 ! 2.76 1 2.70 1 2.65
. .

1

3.29 : 3.06 : 2.90 I 2.79 I 2.71 1 2.64 1 2.53 1

3.24 : 3.01 : 2.85 ! 2.74 1 2.66 1 2.59 1 2.54

3.20 1 2.96 I 2.81 1 2.70 1 2.61 1 2.55 ! 2.49
3.16 1 2.33 1 2.77 1 2.66 1 2.58 1 2.51 I 2.46 I

3.13 1 2.30 1 2.74 : 2.63 I 2.54 1 2.48 I 2.42 I

. .

3.10 ! 2.87 ! 2.71 I 2.60 1 2.51 1 2.45 1 2.39 !

3.07 : 2.64 ! 2.62 ! 2.57 1 2.55 I 2.46 I 2.40 1

3.05 1 2.92 I 2.66 : 2.55 ! 2.46 1 2.40 1 2.34 1

3.03 I 2.60 I 2.64 2.53 1 2.44 1 2.37 I 2.32
1 2.62 : 2.51 1 2.42 1 2.36 1 2.30 !

.
.
.

.

1 2.60 : 2.49 I 2.40 1 2.34 1 2.28 1

1 2.59 : 2.47 1 2.37 I 2.32 I 2.27 1

1 2.57 I 2.46 1 2.37 1 2.31 1 2.25 I

; 2.56 1 2.45 I 2.36 : 2.29 : 2.24 1

1 2.55 ! 2.43 : 2.35 1 2.28 1

1 2.53 1 2.42 I 2.33 : 2.27 I 2.21 I

1 2.45 1 2.34 ! 2.25 1 2.19 ! 2.12 I

: 2.37 1 2.25 : 2.17 1 2.10 : 2.04 I

1 2.29 1 2.17 : 2.09 1 2.02 1 1.96 !

1 2.21 1 2.10 I 2.01 1 1.94 I 1.88 I

3.01 : 2.72

2.99 ! 2.76
2.96 1 2.74

2.96 ! 2.73
2.95 ! 2.71

2.93 : 2.70

2.32 : 2.69
2.84 1 2.61

2.76 : 2.53
2.68 1 2.45
2.60 I 2.37

1

n2 1

1 , I
,

; ! 1 161.4 ! 193.5 !

! 2 1 16..51 ! 17.00 I

I 3 1 10.13 i 9.55 I

1 4 I 7.71 1 6.94 I

,

I 5

,
,

!

1

6.61 1

I

573 !

1 6 1 5.61 I 5.14;
1 7 : 5.57 I 4.74 !

1 S 1 5.32 I 4.46 !

1 9 1 5.12 : 4.26 I

I
.

! 10 I 4.36 I 4.10 I

: 11 I 4.64 I 3.98 1

1 12 ! 4.75 1 3.99 1

I 13 1 4.67 1 3.2! 1

1 14 I 4.60 I 3.74 1

I I . !

! 15 1 4.54 I 3.69 1

1 16 I 4.49 I 3.63 1

! 17 I 4.45 ! 3.59 I

I 12 1 4.41 : 3.55 I

1 19 1 4.36 1 3.52 1

! 20

,

I

.

4.35 1 3.49 1

1 21 I 4.32 1 3.47 I

1 22 I 4.30 1 3.44 I

, 23 1 4.28 1 3.42 I

1 24 I 4.26 : 3.40 I

!

1 25

,

! 4.24 I 3.39 I

I 26 ! 4.23 1 3.37 I

: 27 I 4.21 : 3:35 !

. 28, 1 4.20 I 3.34 I

I 29 I 4.1G I 3.33 I

! 30 I 4.17 1 3.32 1

1 40 ! 4.08 1 3.23 1

1 60 1 4.00 1 3.15 1

I 120 I 3.92 : 3.07 1

i 3.84 1 3.00 1

31 5 7
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e e

e

2:31
e

e

2.18 ! 2.11 1 ;,14

;

e

e

e

e

2,11

o

2.35' 2,34 : 2.27 2,22 2,113

5,6'4 1 5,66

2,7'9

1

e

1,81 1.75 1,70
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