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Abstract: In this study, both interpretation proportions of Principle Component total variation and critical
values of eigen values for each Principle Component with a probability of ¢=0.05 were tabulated empirically
after 100000 simulation experiments, considering different sample sizes, variable numbers and correlation
between variables. Therefore, alternative to the techniques used in many statistical package programs which
takes the values equal or greater than 1, an empirical decision making mechanism was provided in defining
whether the calculated eigen values are statistically significant.
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INTRODUCTION

Multivariate Analysis i1s a branch of statistical
methods that determine the main characteristics of the
data obtained from subject characteristics with research
and experiments. It provides an overall explanation of the
structure coming out as a result of different degrees of
correlation between each characteristic. In this analysis
method, different techniques are used upon the objective.
The objective may be classifying the data due to their
characteristics 1n different groups or examining whether
the data belongs to a certain group whose characteristic
1s to be known or examining whether there is a correlation
between the variables classified m two groups in the
beginmng considering the characteristics of the variables
or due to the correlation between characteristics omitting
some of the variables and constituting a mathematical
model with the remaining variables!!.

Principal Component Analysis tries to eliminate the
correlation structure between the subject characteristics
and tries to explain the structure
characteristics. To eliminate the correlation structure,
some artificial variables that are linear combinations of the
original variables and individually independent from each
other may be constituted. An important proportion of the
total variation can be explained by the fewer and new
variables”. The “an important proportion” expression
used here is relative to the researcher and to the subject

with fewer

of the research. However, in some research explaining
only 70% of the total variation may give an important
opiuon to the researcher, or depending on to the
importance of the subject, an unexplained 1% proportion
of the total variance might cause significant errors when
the entire structure is taken into considerationt”. If the
correlation between the original variables 1s perfect, a
single Principal Component is expected to explain the total
variation. On the contrary, if there is no correlation
between the original variables, each Principal Component
15 expected to explamn the total vanation n equal
proportions. However, these two conditions are very rare
to encounter in real life. In all structures or systems in
nature, there 13 a lugh, medium or low correlation between
the characteristics. Therefore, which of the Principal
Components explaing the proportional amount of the total
variation depends on the sample size, the number of
variables and the level of comelation between the
variables.

In this study, the proportions of the total variation
explained by a Principal Component is calculated for
different sample sizes, variable numbers and correlation
levels. For each Principal Component, imitial values of the
eigen values in 5% region of the distribution are given in
tables. The major objective of this study was to assist
researchers in the decision making stage of identifying the
eigen values that may be sigmficant by using an empirical
critical value.
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MATERIALS AND METHODS

In this study, random samples from a population that has
a Multivariate Standard Normal Distribution with p=3,
4,..., 20 variables and a sample sizes n=5, 10, 15, 20, 25, 30,
335, 40, 45, 50, 70, 100, 200 and 500 were used (n>p).
Because the original variables were taken from a
population with a Standard Normal Distribution,
calculated variances of the Principal Components were
equal to the eigen value (L) of the relevant Principal
Component. The total variance equals to the sum of the
eigen values obtained from all the Principal Components
in every variable-number combination. Mimimum
correlation was taken as 0.05 and maximum correlation was
taken as 0.90 with a simple algorithm depending on the
variable number for determimng the low, medium and high
correlation levels between the original variables and for
the correlations between these two values, the
fixed value, calculated by dividing (0.90-0.05) 0.85 by
([p * (p-1))/2)-1, 1s added to the correlation value 0.05
between the first variable couple and then is distributed to
other couples in equal intervals until to the last variable
couple. For example, when 4 variables are taken, the fixed
value was calculated by dividing 0.85 to ([4 * (4-1)]/2)-1=5
and was found to be 0.85/5=0.17 for 6 correlation
coefficients (1, T3, T T 57 T ) By adding the fixed
value to the comrelation 0.05 between 1st and 2nd
variables (r),), a structure with correlation coefficients 0.22
between the 1st and 3rd variables (r,;) 0.39 between 1st
and 4th variables (r,,), 0.56 between 2nd and 3rd variables
(153). 0.73 for 2nd and 4th variables (r,,) and 0.90 between
3rd and 4th variables (r,,) was constituted. Therefore, a
model that has insignificant correlation between some of
the variables, a moderate correlation between some of the
variables and significant high correlation between some
others, with a significance level ¢=0.05 has been obtamed.
Especially when the number of the variables is increased,
the same result for the correlation between the variables
1s expected to be obtamned in practice.

The material of the study i1s constituted by the
random numbers generated from the IMSL library of the
Microsoft Fortran Developer Studio. All of the required
calculations are carried out by the FORTRAN programs
and every trial condition is repeated for 100000 times™!.

In the Principal Components Analysis, p original
variables converted to new variables in their new axis by
rotating with a specific angle 6. The new axis obtained
with only one of the different 8 angles shall have the
highest variance. Although this variance is the highest, it
cannot explain the whole variation. For this reason, a new
axis, namely a new variable, perpendicular to the first axis
having the same angle 0 and explaining the highest
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proportion of the variation that can not be explained by
the first axis, namely second variable, is obtained™.

In theory, new artificial variables may be obtained as
many as the original variables. These new variables are
called the Principal Components and the 1st Principal
Component having the highest level of explanation, they
explain the total vamance in descending degrees
mndependent from each other.

The total variance, which 1s the sum of variances of
the original variables, does not change after the new axes
are obtamed m the Principal Components Analysis.
However, as the axes are constituted 1in a marmer that the
total variance is explained maximally begimming from the
first axis, the proportions of explaining the total variance
changes. This property provides a chance of objective
evaluation to the researchers in eliminating the ending
axes and consequently dimension reduction.

An information loss in the proportions of the total
variation explanation is natural in the case of dimension
reduction. The levels of this mformation loss or up to
which variable a limitation shall be held on depend only
to the researcher and the topic of the research. In
principle, the level of the information loss depends on the
correlation between the original variables subject to the
research. As the correlations between the variables that
are not generated from each other increase, the dimension
reduction gets more successful.

RESULTS

100000 simulation experiments were performed for
each n and p combination. Means of the eigen values
were calculated for each sample size-variable combination
mdependently and each eigen value was divided by the
sum of these means to calculate the proportion of total
variance explanation given in Table 1. Limit values of the
95000th eigen value of each Principal Component
sequenced in ascending order for all n, p combinations, in
a significance level ¢=0.05, are given mn Table 2. As the
acceptable information loss varies depending on the
researcher and on topic of the research, the decision
for proportions of the variation explanation is given in
Table 1.

Eigen values equal to 1 or greater than 1 are usually
used in most of the statistical package programs. The
empirical values in Table 2 defines the limit values for
which the eigen values are statistically sigmficant at
¢=95000/100000=0.05 sigmficance level. These values are
given so that a researcher can make an accurate
decision!®.

Satisfactory joint variance proportions for each
sample size and number of variables (to be determined by
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Table 1: The proportions of total variance explanations of eigen values according to the variable and sample size combinations (%)

n
P Eigenvalues 5 10 15 20 25 30 35 40 45 50 73 100 200 500
3 A 81.36 7450 7216  70.95 T0.23  69.80 69.51  69.26 69.08 68.96 6863 6849 6819 68.05
Ay 18.58 2544 2777 2898 2970 3012 30.41  30.66 30.84 30.96 31.29 3143 31.73 31.87
As 0.05  0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08  0.08 0.08 0.08 0.08
4 Aq 75.70 6915 6714 66.29 6578 6351 65.27 65.16 65.02 64.91 6471 64.57 6441 6431
Ay 19.97 2267 2340 2363 2381 2385 23.95 2394 24.00 24.03 2405 2410 2414 2416
Az 4.09 746 8.62 9.19 9.49 9.70 9.83 9.94 10.02 10.09 10.25 10.33 1045 10.52
Aa 0.24 073 0.84 0.90 0.92 0.94 0.95 0.96 0.97 0.97 099 1.00 1.00 1.02
5 Ay ~ 6618 6446 63.73 6334 63.08 62,91 62.76 62.67 62.57 6238 6228 6216 6200
Ao ~ 21.08  20.83 2057 2036 2026 20,12 20.05 20.00 20.00 19.75 19.68 19.53 1948
As ~ 8.91 9.8 1032 1061 1079 10.96  11.07 11.16 11.24  11.45 11.55 11.69 11.77
Ay ~ 318 3.99 4.40 4.65 4.80 4.92 5.00 5.05 5.11 5.25 531 5.40 5.46
As ~ 0.65 0.88 0.99 1.04 1.08 1.10 1.12 1.13 1.15 1.18 1.19 1.22 1.23
6 A ~ 6443 6278 62.08 6l.70 61.50 61.36  61.23 6l.14 61.06 60.86  60.77 60.65 60.57
Ag ~ 19.75 19.01 1847 1811 17.82 17.61 1746 17.32 17.24 1690 1673 1647 16.33
As ~ 946  10.07 1039 1056  10.68 10.76  10.85 10.91 10,95 1112 11.20 11.33 11.40
Ay ~ 4.30 5.14 5.59 5.88 6.07 6.20 6.31 6.39 6.46  6.66 6.75 6.89 6.97
As ~ 1.64 2.27 2.60 2.80 2.93 3.02 3.09 3.15 319 331 3.37 3.45 3.50
As ~ 0.43 0.73 0.88 0.96 1.01 1.05 1.07 1.09 1.11 1.15 1.18 1.21 1.23
7 A ~ 63.10 61.59 60.97 6064 6038 60.25  60.14 60.07 59.95 5979 5973 59.62 59.51
Ay ~ 1876  17.63 1692 164l 1609 15.83  15.62 15.44 1533 1489 1464 1430 14.08
As ~ 972 10,03 1016 1024 1029 1032 10.34 10.37 1041 1048 1052 10.61 10.66
Ay ~ 4.97 5.72 6.09 6.34 6.51 6.64 6.74 6.81 6.88  7.08 7.18 7.34 7.42
As ~ 231 34 3.43 3.66 3.85 3.96 4.05 4.12 4.19 436 4.44 4.57 4.64
As ~ 0.90 1.44 1.72 1.89 2.01 2.09 2.16 2.20 224 235 2.40 2.48 2.53
Aq ~ 0.24 0.55 0.71 0.81 0.88 0.93 0.96 0.99 1.01 1.07 1.09 1.09 1.16
8 Ay ~ 6217 60.80 60.15 5982 59.55 59.43  59.32 59.29 59.14 59.00 5892 5880 5873
Ao ~ 17.94 1651 1568 1515 1477 1444 14.22 14.00 13.89 1338 13.09 1266 1239
As ~ 9.81 9.88 9.88 9.85 9.85 9.85 9.84 9.82 0.83 982 9.82 9.86 9.89
Ay ~ 5.40 6.01 6.32 6.51 6.65 6.75 6.82 6.88 6.94 710 7.20 7.35 7.44
As ~ 2.80 3.53 391 4.15 4.32 4.44 4.53 4.61 4.68 486 4.96 5.10 5.19
As ~ 1.30 1.94 2.28 2.49 2.64 2.74 2.82 2.88 294 3.09 3.17 327 334
Aq ~ 0.49 0.96 1.22 1.37 1.48 1.56 1.61 165 1.69 1.79 1.84 1.92 1.96
Asg ~ 0.11 0.38 0.56 0.67 0.74 0.80 0.84 0.87 0.89 096 1.00 1.04 1.07
9 Aq ~ 6147 60.07 5949 5913 5895 58.78 5871 58.63 58.56 5838 5831 5818 5812
Ay ~ 17.24 1567 1474 1416 1370 13.39 1312 12.92 1275 1220 1191 1141 0.18
Az ~ 9.81 9.71 9.60 9.50 9.44 9.39 9.35 9.32 930 923 9.20 9.17 9.18
Aa ~ 5.70 6.18 6.41 6.54 6.63 6.71 6.76 6.81 6.84 697 7.04 7.17 7.26
As ~ 317 3.86 4.20 4.42 4.57 4.69 4.77 4.84 4.90 508 5.17 5.33 5.41
As ~ 1.63 231 2.66 2.88 3.04 3.15 3.23 3.30 336 353 3.62 375 3.82
Aq ~ 0.72 1.29 1.59 1.79 192 2.01 2.08 213 218 232 2.39 2.49 2.54
Ag ~ 0.24 0.65 0.89 1.04 114 1.21 1.26 130 134 144 1.48 1.55 1.59
Ao ~ 0.03 0.26 0.43 0.54 0.62 0.68 0.72 0.75 0.78  0.86 0.90 0.95 0.99
10 A ~ ~ 59.51  59.00 38.64 5845 58.30 5821 58.12 58.07 5790 57.80 57.69 57.62
Ay ~ ~ 1495 1394 1332 1285 1251 12.23 12.03 11.84 11.26 1095 1041 10.05
As ~ ~ 9.53 9.31 9.17 9.07 9.00 8.92 8.87 883 870 8.64 8.56 8.55
Ay ~ ~ 6.28 6.42 6.51 6.57 6.60 6.64 6.67 6.69 677 6.82 6.93 7.01
As ~ ~ 4.09 4.39 4.57 4.70 4.80 4.87 4.93 4.98 514 5.24 5.38 5.47
As ~ ~ 2.59 2.92 3.14 3.29 3.40 3.49 3.55 3.6l 378 3.88 4.02 410
Aq ~ ~ 1.56 1.88 2.09 223 2.33 241 2.47 252 268 2.76 2.88 2.95
Ag ~ ~ 0.88 1.16 1.33 1.45 1.54 1.60 165 1.69 1.82 1.88 1.97 2.02
Ao ~ ~ 0.44 0.66 0.80 0.90 0.97 1.02 1.06 1.06 119 1.23 1.30 1.34
Aip ~ ~ 0.17 0.32 0.43 0.51 0.57 0.61 0.65 0.68  0.76 0.81 0.87 0.91
11 Ay ~ ~ 59.12 5854 3822 5801 57.90 57.79 57.71 57.64 5748 5741 5730 57.22
Ao ~ ~ 1432 1331 1263 1216 11.80 11.52 11.29 11.10 10.50  10.17 9.61 9.21
Az ~ ~ 9.34 9.07 8.87 8.74 8.62 8.54 8.47 8.42 823 8.16 8.04 7.99
Aq ~ ~ 6.32 6.40 6.44 6.47 6.48 6.49 6.50 6.51 6.55 6.58 6.65 6.72
As ~ ~ 4.25 4.50 4.66 4.76 4.84 4.90 4.95 4.99 512 5.20 5.33 5.42
As ~ ~ 2.80 312 3.32 346 3.56 3.63 3.70 376 392 4.01 4.15 4.23
Aq ~ ~ 1.78 2.11 231 245 2.56 2.63 2.70 275 292 3.00 3.13 321
Ag ~ ~ 1.08 1.38 1.56 1.69 1.78 1.86 1.92 1.96 211 2.18 2.28 2.35
Ao ~ ~ 0.60 0.86 1.02 1.13 1.21 1.27 1.32 136 147 1.53 1.61 1.66
Ata ~ ~ 0.29 0.50 0.63 0.72 0.79 0.84 0.88 0.91 1.01 1.05 1.12 1.16
Ay ~ ~ 0.10 0.24 0.34 042 0.48 0.52 0.56 0.59  0.68 0.73 0.79 0.83
12 Aq ~ ~ 58.79 5820 5790  57.68 57.56  57.43 57.40 57.33 5720 57.09 5698 56.89
Ay ~ ~ 1379 1274 1205 1157 11.19  10.92 10.68 1049 986 9.52 8.94 8.52
Az ~ ~ 9.17 8.83 8.60 844 8.30 8.21 812 8.06 7.84 7.73 7.57 7.51
Ag ~ ~ 6.33 6.36 6.35 6.35 6.34 6.34 6.33 6.33 633 6.34 6.38 6.44
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Table 1: Continued

As ~ ~ 4.37 4.58 4.67 4.78 4.84 4.89 4.92 4.95 505 5.12 5.23 531
As ~ ~ 2.96 3.26 3.44 3.56 3.65 372 3.78 383 397 4.06 4.19  4.28
Aq ~ ~ 1.96 2.28 2.47 2.61 2.71 2.79 2.85 290  3.06 3.15 3.28 3.36
Ag ~ ~ 1.24 1.55 1.74 1.88 1.97 2.05 21 216 231 2.39 2.51 2.58
Aa ~ ~ 0.75 1.02 1.20 1.32 1.40 1.47 1.52 1.57 170 1.77 1.87 1.93
A ~ ~ 0.41 0.64 0.79 0.90 0.97 1.03 1.08 1.11 1.22 1.28 1.36 1.40
An ~ ~ 0.19 0.37 0.50 0.59 0.65 0.70 0.74 0.77  0.87 0.91 0.98 1.02
Atz ~ ~ 0.06 0.17 0.27 0.27 0.40 0.45 0.48 0.51 0.61 0.65 0.73 0.77
13 Ay ~ ~ 5844  57.93 5757 5741 57.27 57.14 57.12 57.07 5686 5680 56.69 56.62
Az ~ ~ 13.35 1224 11.56 11.06 10.68  10.41 10.15 9.95 933 8.99 8.38 7.94
Az ~ ~ 9.01 8.62 8.36 816 8.02 7.91 7.81 773 7.50 7.37 7.18 7.09
A ~ ~ 6.33 6.30 6.26 6.23 6.20 6.19 6.16 6.15 613 6.11 6.12 6.16
As ~ ~ 4.46 4.62 4.71 477 4.81 4.85 4.87 4.89 497 5.02 5.11 5.17
As ~ ~ 3.10 3.36 3.52 3.63 37 377 38 385 399 4.06 4.18  4.26
Aq ~ ~ 2.11 2.41 2.60 273 2.82 2.90 2.95 3.00 315 324 337 3.45
Az ~ ~ 1.39 1.70 1.89 2.02 212 2.19 2.25 230 245 2.53 2.66 2.74
As ~ ~ 0.88 1.17 1.35 1.47 1.56 1.63 1.69 1.73 1.87 1.95 2.06 2.13
A ~ ~ 0.51 0.78 0.94 1.05 1.13 1.19 1.24 1.28 140 1.47 1.56 1.62
An ~ ~ 0.27 0.48 0.63 0.72 0.80 0.85 0.90 0.93 1.04 1.09 1.16 1.21
Atz ~ ~ 0.11 0.28 0.40 048 0.54 0.59 0.63 0.66  0.76 0.80 0.87 0.91
Aa ~ ~ 0.03 0.12 0.21 0.28 0.34 0.38 0.42 045  0.54 0.59 0.67 0.71
14 Ay ~ ~ 58.14 5764 5734 5716 57.02  56.96 56.88 56.79 56.63 5658 5646 5637
Az ~ ~ 1297 11.85 11.13  10.62 10.25 9.94 9.71 9.52 888 8.52 7.92 7.47
As ~ ~ 8.87 8.43 8.13 7.92 7.77 7.63 7.53 745 718 7.04 6.82 6.72
Aa ~ ~ 6.33 6.24 6.17 6.11 6.07 6.03 6.01 599 592 5.89 5.87 5.89
As ~ ~ 4.53 4.65 4.71 4.74 4.77 4.79 4.80 4.82 487 4.90 4.97 5.02
Ag ~ ~ 322 344 3.58 3.67 373 3.78 3.82 386 397 4.03 4.14 422
Az ~ ~ 2.24 2.53 2.70 2.81 2.90 2.96 3.02 306 321 3.28 3.40 3.49
Ag ~ ~ 1.52 1.82 2.01 214 2.23 2.30 2.36 241 2.55 2.63 2.76 2.84
Ag ~ ~ 0.99 1.29 1.47 1.60 1.69 1.76 1.81 1.86 201 2.08 2.20 2.27
A ~ ~ 0.61 0.89 1.06 117 1.26 1.32 1.38 142 1.55 1.62 1.72 1.79
An ~ ~ 0.35 0.58 0.74 0.84 0.92 0.98 1.03 1.07 118 1.24 1.33 1.38
A ~ ~ 0.17 0.36 0.50 0.59 0.66 0.71 0.76 0.79  0.89 0.94 1.02 1.06
Az ~ ~ 0.06 0.20 0.31 0.39 0.46 0.50 0.54 0.57  0.67 0.71 0.78 0.82
m ~ ~ 0.01 0.09 0.17 0.23 0.29 0.33 0.36 039 049 0.54 0.61 0.66
15 Ay ~ ~ ~ 5742 5714 5695 56.82  56.74 56.64 56.58 5643 5636 56.23 5617
Ag ~ ~ ~ 1148 1075 1025 9.87 9.56 9.33 9.13 849 8.13 7.53 1.07
As ~ ~ ~ 8.25 7.93 7.70 7.53 7.39 7.29 720 691 6.75 6.52 6.39
Ay ~ ~ ~ 6.17 6.08 6.00 5.94 5.90 5.86 583 574 5.69 5.04 5.64
As ~ ~ ~ 4.66 4.69 4.71 4.72 4.73 4.74 4.7 476 4.78 4.82 487
Ag ~ ~ ~ 351 3.62 3.69 3.75 3.79 3.82 385 393 3.99 4.08 414
A ~ ~ ~ 2.61 2.77 2.88 2.95 3.01 3.06 310 323 3.30 341 3.49
Asg ~ ~ ~ 1.93 2.10 2.22 231 2.38 2.43 248 262 2.70 2.82 2.90
Ao ~ ~ ~ 1.39 1.57 170 1.79 1.86 1.91 1.96 210 2.18 2.30 2.38
A ~ ~ ~ 0.99 1.16 1.28 1.37 1.43 149 1.53 1.67 1.74 1.85 1.92
An ~ ~ ~ 0.68 0.84 0.95 1.03 1.09 1.14 1.18 131 1.37 1.47 1.53
Az ~ ~ ~ 0.44 0.59 0.69 0.76 0.82 0.87 090 1.01 1.07 1.15 1.20
A ~ ~ ~ 0.27 0.40 0.49 0.55 0.60 0.65 0.68 0.78 0.83 0.90 0.94
Ata ~ ~ ~ 0.14 0.25 0.32 0.38 0.43 0.47 0.50  0.39 0.64 0.71 0.75
Ats ~ ~ ~ 0.06 0.13 0.19 0.24 0.28 0.32 035 044 0.49 0.57 0.62
16 Ay ~ ~ ~ 57.25 5697 5677 56.61  56.54 56.50 56.38 5625 5619  56.05 5599
Az ~ ~ ~ 11.15 1042 9.90 9.54 9.23 8.98 8.80 8135 7.79 7.19 6.74
Az ~ ~ ~ 8.08 7.74 7.50 7.32 7.17 7.05 6.97  6.66 6.49 6.24 6.09
A ~ ~ ~ 6.11 5.98 5.89 5.82 5.76 57 5.68 556 5.50 5.43 5.41
As ~ ~ ~ 4.66 4.67 4.67 4.67 4.66 4.66 4.66  4.66 4.66 4.68 471
As ~ ~ ~ 3.55 3.64 3.70 374 377 3.80 382 389 3.93 4.00  4.06
Aq ~ ~ ~ 2.69 2.83 2.92 2.99 34 3.08 312 323 3.29 3.39 3.46
Ag ~ ~ ~ 2.01 2.18 229 2.37 2.44 2.49 253 266 2.73 2.85 2.93
Aa ~ ~ ~ 2.01 1.66 1.78 1.87 1.94 1.99 204 218 2.25 2.37 2.45
A ~ ~ ~ 1.08 1.25 1.37 1.46 1.52 1.58 1.62 1.76 1.83 1.95 2.02
An ~ ~ ~ 0.76 0.92 1.04 1.12 1.19 1.24 1.28 141 1.48 1.58 1.65
Atz ~ ~ ~ 0.52 0.67 0.78 0.85 0.91 0.96 1.00 112 1.18 1.27 1.33
Aa ~ ~ ~ 0.33 0.47 0.57 0.64 0.69 0.73 0.77  0.88 0.93 1.01 1.06
m ~ ~ ~ 0.20 0.31 0.40 0.47 0.52 0.55 0.59  0.68 0.73 0.80 0.85
Ais ~ ~ ~ 0.10 0.19 0.27 0.32 0.37 0.41 0.44  0.53 0.58 0.65 0.69
Aig ~ ~ ~ 0.04 0.10 0.15 0.20 0.24 0.28 0.30 039 0.44 0.53 0.58
17 Ay ~ ~ ~ 57.11 5679  56.60 56.48 56.39 56.31 56.26 56.08 5602 5589 55.83
Ag ~ ~ ~ 10.85 10.13 9.62 9.23 8.93 870 849  7.86 7.50 6.91 6.47
Az ~ ~ ~ 7.92 7.58 7.32 7.13 6.98 6.86 6.75 644 62,60 5.99 5.83
Ay ~ ~ ~ 6.04 5.90 5.79 5.70 5.64 5.58 554 540 5.33 5.23 5.19
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Table 1: Continued

As ~ ~ ~ 4.66 4.64 4.63 4.61 4.60 4.59 4.58  4.56 4.54 4.54  4.56
As ~ ~ ~ 3.58 3.66 3.70 373 3.75 3.77 378 384 3.86 3.92 3.96
Aq ~ ~ ~ 2.75 2.87 2.96 301 3.06 3.09 312 322 3.27 336 3.43
Ag ~ ~ ~ 2.09 2.24 235 2.42 2.48 2.53 257  2.69 2.75 2.86 2.94
Aa ~ ~ ~ 1.57 1.74 1.85 1.93 2.00 2.05 209 223 2.30 242 2.49
A ~ ~ ~ 1.16 1.33 1.45 1.53 1.60 165 1.69 1.83 1.90 2.02 2.10
An ~ ~ ~ 8.30 1.00 112 1.20 1.27 132 136 149 1.56 1.67 1.74
Atz ~ ~ ~ 0.58 0.74 0.85 0.93 0.99 1.04 1.08 121 1.27 1.37 1.43
Aa ~ ~ ~ 0.39 0.54 0.64 0.71 0.77 0.82 0.85 097 1.02 1.11 1.17
m ~ ~ ~ 0.25 0.38 0.47 0.54 0.59 0.63 0.66  0.77 0.82 0.90 0.95
Ais ~ ~ ~ 0.14 0.25 0.33 0.39 0.44 0.48 0.51 0.61 0.66 0.73 0.77
Aig ~ ~ ~ 0.07 0.15 0.22 0.27 0.32 0.35 0.38 048 0.52 0.60 0.64
Az ~ ~ ~ 0.02 0.07 0.13 0.17 0.21 0.24 0.27 036 0.41 0.49 0.54
18 Ay ~ ~ ~ 56.96 56.64 5644 56.31 56.23 56.18 56.12 5597 5587 5577 55.69
Ay ~ ~ ~ 10.61 9.88 9.36 8.98 8.67 843 823  7.60 7.25 6.67 6.24
Az ~ ~ ~ 7.79 7.42 7.15 6.96 6.80 6.67 6.57 623 6.05 5.76 5.58
As ~ ~ ~ 5.97 5.81 5.69 5.60 5.52 5.46 5.41 5.25 5.17 504 4.98
As ~ ~ ~ 4.64 4.601 4.58 4.56 4.53 4.51 4.50 445 4.43 440 440
As ~ ~ ~ 3.61 3.67 3.70 372 373 3.74 375 397 3.80 3.83 3.87
Aq ~ ~ ~ 2.80 291 2.98 3.03 3.07 3.09 312 320 324 332 3.37
Ay ~ ~ ~ 2.15 2.30 239 2.46 2.51 2.55 259 270 2.76 2.86 2.93
Aa ~ ~ ~ 1.64 1.80 1.91 1.99 2.05 2.10 214 226 2.33 2.44 2.52
A ~ ~ ~ 1.23 1.40 1.51 1.60 1.66 1.71 1.75 1.89 1.96 2.07 2.15
m ~ ~ ~ 0.90 1.07 119 1.27 1.33 1.39 1.43 1.56 1.63 1.74 1.81
Atz ~ ~ ~ 0.65 0.81 0.92 1.00 1.06 111 1.15 1.28 1.35 1.45 1.52
Atz ~ ~ ~ 0.45 0.60 0.70 0.78 0.84 0.89 092 1.04 1.11 1.20 1.26
Ayg ~ ~ ~ 0.30 0.43 0.53 0.60 0.66 0.70 0.73 084 0.90 9.90 1.04
Ais ~ ~ ~ 0.18 0.30 0.39 0.45 0.50 0.55 0.58  0.68 0.73 0.81 0.85
Aig ~ ~ ~ 0.10 0.20 0.27 0.33 0.38 0.42 045  0.54 0.59 0.66 0.70
Az ~ ~ ~ 0.04 0.12 0.18 0.23 0.27 0.31 0.34 043 0.48 0.55 0.60
Aig ~ ~ ~ 0.01 0.05 0.10 0.14 0.18 0.21 0.24 032 0.37 0.45 0.51
19 Ay ~ ~ ~ 56.83 5648 5635 56.17 56.12 56.06 55.99 5585 5575 55.62 5556
Ay ~ ~ ~ 10.36 9.64 9.12 8.74 8.45 8.20 8.00  7.37 7.03 6.46 6.06
Az ~ ~ ~ 7.66 7.28 6.70 6.80 6.63 6.50 63.90  6.05 5.86 5.56 5.36
Ay ~ ~ ~ 5.91 5.74 5.60 5.50 5.41 5.34 520 511 5.02 4.87 479
As ~ ~ ~ 4.63 4.58 4.53 4.50 4.46 4.44 442 435 4.32 428  4.20
As ~ ~ ~ 3.63 3.67 3.68 3.70 3.70 3.70 37 372 372 375 377
Aq ~ ~ ~ 2.84 2.94 2.99 34 3.06 3.09 31 317 321 327 332
Ay ~ ~ ~ 2.21 2.34 243 2.49 2.53 2.57 2.60 270 2.75 2.84 2.90
Aa ~ ~ ~ 1.70 1.86 1.96 2.03 2.09 2.13 217 228 2.35 2.45 2.53
A ~ ~ ~ 1.29 1.46 1.57 1.65 1.71 1.76 1.80 1.92 1.99 211 2.18
m ~ ~ ~ 0.97 1.13 1.25 1.33 1.39 144 148 1.6l 1.68 1.80 1.87
Atz ~ ~ ~ 0.71 0.87 0.98 1.06 1.12 117 122 134 1.41 1.52 1.59
Atz ~ ~ ~ 0.50 0.66 0.76 0.84 0.90 0.95 099 111 1.17 1.27 1.34
Aia ~ ~ ~ 0.34 0.49 0.59 0.66 0.72 0.76 0.80 091 0.97 1.06 1.12
Ais ~ ~ ~ 0.22 0.35 0.44 0.51 0.56 0.60 0.64 074 0.80 0.88 0.93
Aig ~ ~ ~ 0.13 0.24 0.32 0.39 0.43 0.47 0.51 0.60 0.65 0.73 0.77
Az ~ ~ ~ 0.06 0.15 0.23 0.28 0.33 0.36 039 049 0.54 0.61 0.65
Aig ~ ~ ~ 0.02 0.09 0.15 0.20 0.24 0.27 0.30 039 0.44 0.51 0.55
Atg ~ ~ ~ 0.00 0.04 0.08 0.12 0.15 0.18 0.21 0.29 0.34 0.42 0.48
20 Ay ~ ~ ~ ~ 5638 5619 56.09  56.01 55.92 55.86 5570 5564 5551 5545
Az ~ ~ ~ ~ 9.43 8.91 8.53 8.23 8.00 7.80 718 6.84 6.28 5.90
Az ~ ~ ~ ~ 7.14 6.86 6.65 6.48 6.35 6.24 588 5.68 5.37 5.14
A ~ ~ ~ ~ 5.66 5.51 4.00 5.31 5.24 518 498 4.87 4.71 4.61
As ~ ~ ~ ~ 4.55 4.49 4.44 4.40 4.37 4.35 426 4.22 4.15 4.12
As ~ ~ ~ ~ 3.67 3.68 3.67 3.68 3.68 367  3.66 3.65 3.06 3.67
Aq ~ ~ ~ ~ 2.96 301 34 3.06 3.08 309 314 3.17 322 3.26
Ag ~ ~ ~ ~ 2.38 246 2.51 2.55 2.58 2.61 2.69 2.74 282 2.87
Aa ~ ~ ~ ~ 1.90 2.00 2.07 212 216 219 230 2.36 2.46 2.52
A ~ ~ ~ ~ 1.51 162 1.69 1.75 1.80 1.84 196 2.02 2.13 2.20
An ~ ~ ~ ~ 1.19 130 1.38 144 149 1.53 1.66 1.72 1.84 1.91
Atz ~ ~ ~ ~ 0.93 1.04 1.12 1.18 1.23 1.27 140 146 1.57 1.64
Aa ~ ~ ~ ~ 0.71 0.82 0.90 0.96 1.00 1.05 117 1.23 1.34 1.40
m ~ ~ ~ ~ 0.53 0.64 0.71 0.77 0.82 0.85 097 1.03 1.13 1.19
Ais ~ ~ ~ ~ 0.39 0.49 0.56 0.61 0.66 0.69  0.80 0.86 0.95 1.00
Aig ~ ~ ~ ~ 0.28 0.37 0.43 0.48 0.53 0.56  0.66 0.71 0.79 0.84
Az ~ ~ ~ ~ 0.19 0.27 0.33 0.38 0.41 045  0.54 0.59 0.66 0.71
Aig ~ ~ ~ ~ 0.12 0.19 0.24 0.28 0.32 035 044 0.49 0.56 0.60
A ~ ~ ~ ~ 0.06 0.12 0.17 0.20 0.24 0.26  0.35 0.40 0.47 0.52
A ~ ~ ~ ~ 0.00 0.10 0.10 0.13 0.16 0.18  0.27 0.32 0.40 0.45

874



Pak. J. Biol. Sci., 7 (6): 870-878, 2004

Table 2: Empirical table values of the eigen according to variable and sample size combinations values in level ¢=0.05

n
P Eigen values 5 10 15 20 25 30 35 40 43 50 75 100 200 500
3 A 522 4.00 3.57 332 3.15 34 29 289 2.83 2,79 2.64 2.58 2.39 2.25
Ay 136 140 1.37 1.34 1.32 1.30 128 1.26 1.25 1.24 1.19 1.18 1.11 1.05
As 0.00  0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 Aq 6.57  5.06 4.47 4.17 3.97 3 373 365 3.57 3.50 3.33 321 301 2.84
Ay 162 1.55 1.48 1.43 1.39 1.35 133 131 1.29 1.28 1.22 1.19 112 1.06
Az 040  0.54 0.56 0.56 0.56 0.55 055 0.54 0.54 0.53 0.52 0.51 0.48 0.46
Aa 0.03 0.05 0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.04 0.4 0.04
5 Ay ~ 6.08 5.41 5.05 4.79 4.63 450 439 4.31 4.23 4.01 3.88 3.64 343
Ao ~ 1.71 1.59 1.51 1.45 1.41 137 135 1.33 1.31 1.24 1.21 113 1.07
As ~ 0.74 0.76 0.76 0.75 0.75 075 074 0.74 0.74 0.72 0.71 0.68 0.65
Ay ~ 0.29 0.32 0.33 0.34 0.34 034 034 0.34 0.34 0.33 0.32 0.31 0.30
As ~ 0.06 0.07 0.07 0.07 0.07 0.07  0.07 0.07 0.07 0.07 0.07 0.07 0.06
6 A ~ 7.12 6.34 5.88 5.62 5.43 527 515 5.05 4.97 470 4.54 4.26 4.02
Ag ~ 1.85 1.68 1.58 1.51 1.46 142 1.39 1.36 1.34 1.27 1.22 1.14 1.08
As ~ 0.88 0.89 0.88 0.87 0.86 086 0.85 0.85 0.84 0.83 0.81 0.78 0.75
Ay ~ 0.42 0.47 0.48 0.49 0.50 0.50  0.50 0.50 0.50 0.50 0.49 0.48 0.46
As ~ 0.17 0.22 0.23 0.24 0.25 025 0.25 0.25 0.25 0.25 0.25 0.24 0.23
As ~ 0.05 0.07 0.08 0.08 0.08 0.09  0.09 0.09 0.09 0.08 0.08 0.08 0.08
7 A ~ 8.19 7.25 6.78 6.45 6.21 6.04  5.90 5.79 5.69 5.38 5.21 4.88 4.61
Ay ~ 1.97 1.78 1.65 1.57 1.51 146 142 1.39 1.37 1.29 1.24 115 1.08
As ~ 1.02 1.00 0.98 0.96 0.95 094 093 0.92 0.92 0.89 0.88 0.85 0.82
Ay ~ 0.54 0.58 0.59 0.60 0.61 0.61  0.61 0.61 0.61 0.61 0.61 0.59 0.57
As ~ 0.26 0.32 0.34 0.36 0.37 037 037 0.38 0.38 0.38 0.38 0.37 0.35
As ~ 0.11 0.16 0.18 0.19 0.19 020  0.20 0.20 0.20 0.20 0.20 0.20 0.19
Aq ~ 0.04 0.06 0.08 0.08 0.09 0.09  0.09 0.09 0.09 0.09 0.09 0.09 0.09
8 Ay ~ 9.23 8.20 7.64 7.29 7.01 6.80  6.60 6.53 6.43 6.09 5.88 5.51 5.19
Ao ~ 2.11 1.87 1.72 1.63 1.56 151 1.46 1.43 1.40 1.31 1.26 116 1.09
As ~ 1.14 1.09 1.06 1.04 1.02 100 0.99 0.98 0.98 0.95 0.93 0.90 0.87
Ay ~ 0.64 0.67 0.68 0.69 0.69 0.69  0.69 0.69 0.69 0.69 0.69 0.67 0.65
As ~ 0.35 0.40 0.43 0.44 0.46 046 047 0.47 0.47 0.48 0.48 0.47 0.45
As ~ 0.17 0.23 0.26 0.27 0.28 029  0.29 0.30 0.30 0.30 0.31 0.30 0.29
Aq ~ 0.07 0.12 0.14 0.15 0.16 017 017 0.17 0.17 0.18 0.18 0.17 0.17
Asg ~ 0.02 0.05 0.07 0.08 0.08 0.09  0.09 0.09 0.09 0.09 0.09 0.09 0.09
9 Aq ~ 10.29 9.15 8.51 8.11 7.82 758 742 7.27 7.15 6.76 6.55 6.13 5.79
Ay ~ 2.24 1.96 1.79 1.69 1.61 155 131 1.47 1.44 1.33 1.28 117 1.09
Az ~ 1.25 1.19 1.14 1.11 1.08 1.06  1.05 1.04 1.03 0.99 0.97 0.94 0.90
Aa ~ 0.74 0.76 0.76 0.77 0.76 076  0.76 0.76 0.76 0.75 0.75 0.73 0.71
As ~ 0.43 0.48 0.51 0.52 0.53 054  0.54 0.54 0.55 0.55 0.55 0.55 0.53
As ~ 0.23 0.30 0.33 0.34 0.36 036 037 0.38 0.38 0.39 0.39 0.39 0.38
Aq ~ 0.11 0.17 0.20 0.22 0.23 024 0.24 0.24 0.25 0.26 0.26 0.26 0.25
Ag ~ 0.04 0.09 0.11 0.13 0.14 014 0.15 0.15 0.15 0.16 0.16 0.16 0.15
Ao ~ 0.01 0.04 0.06 0.07 0.08 0.08  0.09 0.09 0.09 0.09 0.10 0.10 0.09
10 A ~ ~ 10.11 9.39 8.91 8.60 837 818 8.02 7.88 7.47 7.20 6.76 6.38
Ay ~ ~ 2.4 1.86 1.75 1.66 160  1.54 1.51 1.47 1.36 1.30 1.19 1.10
As ~ ~ 1.27 1.21 1.17 1.14 112 1.10 1.09 1.07 1.03 1.01 0.96 0.93
Ay ~ ~ 0.84 0.83 0.83 0.83 082 0.82 0.81 0.81 0.80 0.80 0.78 0.76
As ~ ~ 0.56 0.57 0.59 0.59 0.60  0.60 0.61 0.61 0.61 0.61 0.61 0.60
As ~ ~ 0.36 0.39 0.41 0.42 043 044 0.44 0.44 0.45 0.46 0.46 0.45
Aq ~ ~ 0.22 0.26 0.27 0.29 030 030 0.31 0.31 0.32 0.33 0.33 0.32
Ag ~ ~ 0.13 0.16 0.18 0.19 020  0.20 0.21 0.21 0.22 0.22 0.22 0.22
Ao ~ ~ 0.07 0.09 0.11 0.12 013 013 0.13 0.14 0.14 0.15 0.15 0.14
Aip ~ ~ 0.03 0.05 0.06 0.07 0.08 0.08 0.08 0.09 0.09 0.10 0.10 0.10
11 Ay ~ ~ 11.02  10.24 9.74 9.37 914  8.94 8.74 8.60 8.15 7.87 7.39 6.96
Ao ~ ~ 2.13 1.93 1.80 1.71 164 1.58 1.54 1.50 1.38 1.32 1.20 1.10
Az ~ ~ 1.35 1.28 1.24 1.20 117 115 1.13 1.12 1.07 1.04 0.99 0.95
Aq ~ ~ 0.92 0.90 0.89 0.89 088  0.87 0.87 0.86 0.85 0.84 0.82 0.80
As ~ ~ 0.62 0.64 0.65 0.65 0.66  0.66 0.66 0.66 0.67 0.67 0.66 0.65
As ~ ~ 0.42 0.45 0.47 0.48 049 049 0.50 0.50 0.51 0.52 0.52 0.51
Aq ~ ~ 0.27 0.31 0.33 0.34 035 036 0.37 0.37 0.38 0.39 0.39 0.38
Ag ~ ~ 0.17 0.20 0.22 0.24 025 026 0.26 0.27 0.28 0.28 0.29 0.28
Ao ~ ~ 0.10 0.13 0.15 0.16 017 0.18 0.18 0.18 0.19 0.20 0.20 0.20
Ata ~ ~ 0.05 0.08 0.09 0.10 011 012 0.12 0.12 0.13 0.14 0.14 0.14
Ay ~ ~ 0.02 0.04 0.05 0.06 0.07  0.08 0.08 0.08 0.09 0.07 0.10 0.10
12 Aq ~ ~ 11.94  11.11 10.61 10.20 992  9.67 9.51 9.36 8.85 8.54 801 7.55
Ay ~ ~ 2.21 2.00 1.86 1.76 169 1.63 1.58 1.54 1.41 1.34 1.21 1.11
Az ~ ~ 1.43 1.35 1.29 1.25 122 1.20 1.17 1.16 1.10 1.07 1.01 0.97
Ag ~ ~ 0.99 0.97 0.95 0.94 093  0.92 0.91 0.91 0.89 0.88 0.86 0.84
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Table 2: Continued

As ~ ~ 0.69 0.70 0.71 0.71 071 071 0.71 0.71 0.71 0.71 0.71 0.69
As ~ ~ 0.47 0.50 0.52 0.53 0.54  0.54 0.55 0.55 0.56 0.57 0.57 0.56
Aq ~ ~ 0.32 0.36 0.38 0.39 040 041 0.42 0.42 0.43 0.44 0.45 0.44
Ag ~ ~ 0.21 0.25 0.27 0.28 029 030 0.31 0.31 0.33 0.34 0.34 0.34
Ag ~ ~ 0.13 0.16 0.19 0.20 021  0.22 0.22 0.23 0.24 0.25 0.25 0.25
A ~ ~ 0.07 0.11 0.13 0.14 015 0.15 0.16 0.16 0.17 0.18 0.18 0.18
Aty ~ ~ 0.04 0.06 0.08 0.09 010 011 0.11 0.11 0.12 0.13 0.13 0.13
Ara ~ ~ 0.01 0.03 0.05 0.06 0.06  0.07 0.07 0.08 0.09 0.09 0.10 0.10
13 Ay ~ ~ 12,92 12.01 11.40 11.02 10,68 1043 1025 10.09 9.53 9.21 8.64 8.14
Az ~ ~ 2.30 2.07 1.92 1.81 173 1.67 1.62 1.58 1.44 1.36 1.23 1.12
Az ~ ~ 1.51 1.42 1.35 1.30 127 1.4 1.21 1.20 1.13 1.10 1.04 0.99
Ay ~ ~ 1.06 1.03 1.01 0.99 098 0.9 0.95 0.95 0.92 0.91 0.89 0.87
As ~ ~ 0.75 0.76 0.76 0.76 076  0.76 0.76 0.75 0.75 0.75 0.74 0.73
As ~ ~ 0.53 0.56 0.57 0.58 0.59  0.59 0.59 0.60 0.60 0.61 0.61 0.60
Aq ~ ~ 0.37 0.40 0.42 0.44 045 046 0.46 0.47 0.48 0.49 0.49 0.49
Ag ~ ~ 0.25 0.29 0.31 0.33 034 0.35 0.35 0.36 0.38 0.38 0.39 0.3
Ag ~ ~ 0.16 0.20 0.22 0.24 025 026 0.27 0.27 0.29 0.29 0.30 0.30
A ~ ~ 0.10 0.13 0.16 0.17 018 0.19 0.20 0.20 0.22 0.22 0.23 0.23
Aty ~ ~ 0.05 0.09 0.11 0.12 013 014 0.14 0.15 0.16 0.16 0.17 0.17
Ara ~ ~ 0.02 0.05 0.07 0.08 0.09 010 0.10 0.10 0.12 0.12 0.13 0.13
A3 ~ ~ 0.01 0.03 0.04 0.05 0.06  0.06 0.07 0.07 0.08 0.09 0.10 0.10
14 At ~ ~ 13.78 12.806 12.23 11.78 1146 11.17 1099 10.81 10.21 0.88 9.26 8.73
Az ~ ~ 2.39 2.14 1.98 1.87 178 171 1.66 1.62 1.47 1.39 1.24 1.13
As ~ ~ 1.59 1.48 1.41 1.35 1.31 1.28 1.26 1.24 1.17 1.13 1.06 1.01
Aa ~ ~ 1.13 1.09 1.06 1.04 102 1.01 1.00 0.99 0.96 0.94 0.91 0.89
As ~ ~ 0.81 0.81 0.81 0.81 0.80  0.80 0.80 0.79 0.79 0.78 0.77 0.76
Ag ~ ~ 0.58 0.61 0.62 0.63 0.63 0.63 0.64 0.64 0.64 0.65 0.65 0.64
Az ~ ~ 0.41 0.45 0.47 0.48 049 0.50 0.50 0.51 0.52 0.53 0.53 0.53
Ag ~ ~ 0.28 0.33 0.35 0.37 038 039 0.39 0.40 0.42 0.42 0.43 0.43
Ag ~ ~ 0.19 0.23 0.26 0.28 029 030 0.31 0.31 0.33 0.34 0.35 0.35
Ao ~ ~ 0.12 0.16 0.19 0.20 022 0.23 0.23 0.24 0.25 0.26 0.27 0.27
Aty ~ ~ 0.07 0.11 0.13 0.15 016 017 0.17 0.18 0.19 0.20 0.21 0.21
s ~ ~ 0.04 0.07 0.09 0.10 011 012 0.13 0.13 0.15 0.15 0.16 0.16
A ~ ~ 0.01 0.04 0.06 0.03 0.08  0.09 0.09 0.10 0.11 0.11 0.12 0.12
A ~ ~ 0.00 0.02 0.03 0.04 0.05  0.06 0.06 0.07 0.08 0.09 0.09 0.10
15 Ay ~ ~ ~ 13.74 13.06 12.55 1224 11.97 11.71  11.54 10,92 10.54 9.88 9.32
Ao ~ ~ ~ 2.21 2.03 1.92 183 1.76 1.70 1.65 1.50 1.41 1.26 1.15
As ~ ~ ~ 1.54 1.46 1.40 136 1.33 1.30 1.27 1.20 1.10 1.08 1.03
Ay ~ ~ ~ 1.14 1.11 1.08 107 1.05 1.04 1.02 0.99 0.97 0.94 091
As ~ ~ ~ 0.86 0.86 0.85 085 0.84 0.84 0.83 0.82 0.81 0.80 0.79
Ag ~ ~ ~ 0.65 0.66 0.67 0.67  0.67 0.68 0.68 0.68 0.68 0.68 0.67
As ~ ~ ~ 0.49 0.51 0.52 053  0.54 0.54 0.55 0.56 0.56 0.57 0.57
Ag ~ ~ ~ 0.37 0.39 0.41 042 043 0.43 0.44 0.46 0.46 047 0.47
Ao ~ ~ ~ 0.27 0.29 0.31 032 033 0.34 0.35 0.37 0.38 0.39 0.39
A ~ ~ ~ 0.19 0.22 0.24 025 026 0.27 0.27 0.29 0.30 0.31 0.31
A ~ ~ ~ 0.13 0.16 0.18 019  0.20 0.21 0.21 0.23 0.24 0.25 0.25
Az ~ ~ ~ 0.09 0.11 0.13 014  0.15 0.16 0.16 0.18 0.18 0.19 0.19
A ~ ~ ~ 0.06 0.08 0.09 010 011 0.12 0.12 0.14 0.14 0.15 0.15
Ara ~ ~ ~ 0.03 0.05 0.06 0.07  0.08 0.09 0.09 0.10 0.11 0.12 0.12
Ais ~ ~ ~ 0.01 0.03 0.04 0.05 0.05 0.06 0.06 0.08 0.08 0.09 0.10
16 Ay ~ ~ ~ 14.57 13.91 1340 1302 1271 1246 1229 11.59 11.23 10.51 9.91
Az ~ ~ ~ 2.28 2.10 1.97 1.88 1.80 1.74 1.70 1.53 1.44 1.29 1.16
Az ~ ~ ~ 1.60 1.52 1.45 140 136 1.33 1.31 1.23 1.18 1.10 1.05
Ay ~ ~ ~ 1.20 1.16 1.13 111 1.09 1.07 1.06 1.02 1.00 0.96 0.93
As ~ ~ ~ 0.91 0.91 0.90 0.89  0.88 0.87 0.87 0.85 0.84 0.83 0.81
As ~ ~ ~ 0.70 0.71 0.71 071 071 0.71 0.71 0.71 0.71 0.71 0.70
Aq ~ ~ ~ 0.53 0.55 0.56 0.57  0.57 0.58 0.58 0.59 0.60 0.60 0.60
Ag ~ ~ ~ 0.40 0.43 0.44 045 046 0.47 0.47 0.49 0.50 0.51 0.51
Ag ~ ~ ~ 0.30 0.33 0.35 036 037 0.38 0.38 0.40 0.41 0.42 0.42
A ~ ~ ~ 0.22 0.25 0.27 028 0.29 0.30 0.31 0.33 0.34 0.35 0.35
Aty ~ ~ ~ 0.16 0.19 0.20 022 0.23 0.23 0.24 0.26 0.27 0.28 0.28
Ara ~ ~ ~ 0.11 0.14 0.15 017 018 0.18 0.19 0.21 0.22 0.23 0.23
A3 ~ ~ ~ 0.07 0.10 0.11 012 013 0.14 0.15 0.16 0.17 0.18 0.18
A ~ ~ ~ 0.04 0.07 0.08 0.09 0.10 0.11 0.11 0.13 0.13 0.14 0.14
Ais ~ ~ ~ 0.02 0.04 0.05 0.06  0.07 0.08 0.08 0.10 0.10 0.11 0.12
s ~ ~ ~ 0.01 0.02 0.03 0.04  0.05 0.06 0.06 0.07 0.08 0.09 0.10
17 A ~ ~ ~ 15.46 14.72 1419 1379 1351 1320 13001 1230 11.88 1114 10.50
Ao ~ ~ ~ 2.34 2.16 2.03 192 185 1.79 1.73 1.57 1.48 1.31 1.19
Az ~ ~ ~ 1.66 1.57 1.50 145 141 1.38 1.35 1.26 1.21 113 1.06
Ay ~ ~ ~ 1.25 1.21 1.18 115 113 1.11 1.09 1.05 1.02 0.98 0.95
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As 0.97 0.95 0.94 093  0.92 0.91 0.90 0.88 0.87 0.85 0.83
As 0.75 0.75 0.75 075 0.75 0.75 0.75 0.74 0.74 0.73 0.73
Aq 0.57 0.59 0.60 0.61  0.61 0.61 0.62 0.63 0.63 0.63 0.63
Ag 0.44 0.46 0.48 049 0.50 0.50 0.51 0.52 0.53 0.54 0.54
Ag 0.33 0.36 0.38 039 040 0.41 0.41 0.43 0.44 0.46 0.46
A 0.25 0.28 0.30 031 032 0.33 0.34 0.36 0.37 0.38 0.38
Aty 0.18 0.21 0.23 024 0.26 0.26 0.27 0.29 0.30 0.32 0.32
Ara 0.13 0.16 0.18 019 0.20 0.21 0.22 0.24 0.25 0.26 0.26
A3 0.09 0.12 0.13 015 0.l6 0.16 0.17 0.19 0.20 0.21 0.21
A 0.06 0.08 0.10 011 012 0.13 0.13 0.15 0.16 0.17 0.17
Ais 0.03 0.06 0.07 0.08  0.09 0.10 0.10 0.12 0.13 0.14 0.14
s 0.02 0.03 0.05 0.06  0.07 0.07 0.08 0.09 0.10 0.11 0.11
Mg 0.00 0.02 0.03 0.04  0.05 0.05 0.06 0.07 0.08 0.09 0.10
18 A 16.37 15.54 14.97 1455 1423 1397 1372 13.00 12.55 11.77  11.09
Ay 2.42 2.22 2.08 197 1.90 1.83 1.78 1.61 1.51 1.34 1.22
Az 1.72 1.62 1.54 149 145 1.41 1.38 1.29 1.24 115 1.08
Aa 1.31 1.26 1.22 119 1.16 1.15 1.13 1.08 1.05 1.00 0.96
As 1.02 0.99 0.98 096 0.95 0.94 0.94 0.91 0.90 0.87 0.85
As 0.79 0.79 0.79 079  0.78 0.78 0.78 0.77 0.77 0.76 0.75
Aq 0.61 0.63 0.64 0.64  0.64 0.65 0.65 0.65 0.66 0.66 0.65
Ag 0.48 0.50 0.51 052  0.53 0.53 0.54 0.55 0.56 0.57 0.57
Ag 0.37 0.39 0.41 042 043 0.44 0.45 0.46 0.47 0.49 0.49
A 0.28 0.31 0.33 034 0.35 0.36 0.37 0.39 0.40 0.41 0.42
An 0.21 0.24 0.26 027 0.28 0.29 0.30 0.32 0.33 0.35 0.35
Ara 0.15 0.18 0.20 022 0.23 0.24 0.24 0.26 0.27 0.29 0.29
A3 0.11 0.13 0.15 017 018 0.19 0.19 0.22 0.23 0.24 0.24
Mg 0.07 0.10 0.12 013 014 0.15 0.15 0.17 0.18 0.20 0.20
Ais 0.04 0.07 0.09 010 011 0.12 0.12 0.14 0.15 0.16 0.16
s 0.02 0.05 0.06 0.07  0.08 0.09 0.09 0.11 0.12 0.13 0.13
A 0.01 0.03 0.04 0.05  0.06 0.07 0.07 0.09 0.10 0.11 0.11
Aig 0.00 0.01 0.02 0.03 004 0.05 0.05 0.07 0.08 0.09 0.10
19 A 17.25 16.38 15.80 1530 1500 1473 1447 1369 13.23 1238 11.69
Ay 2.48 2.28 2.14 203 195 1.88 1.82 1.65 1.55 1.38 1.25
Az 1.78 1.67 1.59 153 149 1.44 1.42 1.32 1.26 1.16 1.09
As 1.36 1.30 1.26 123 1.20 1.18 1.16 1.10 1.07 1.02 0.98
As 1.06 1.04 1.02 100  0.99 0.98 0.97 0.94 0.92 0.89 0.87
As 0.83 0.83 0.83 082 0.82 0.81 0.81 0.80 0.79 0.78 0.77
Aq 0.65 0.67 0.67 0.67  0.68 0.68 0.68 0.68 0.68 0.68 0.68
Ag 0.51 0.53 0.54 0.55  0.56 0.57 0.57 0.58 0.59 0.59 0.59
Ag 0.40 0.42 0.44 045 046 0.47 0.48 0.49 0.50 0.51 0.52
A 0.30 0.33 0.35 037 038 0.39 0.39 0.42 0.43 0.44 0.45
An 0.23 0.26 0.28 030 031 0.32 0.33 0.35 0.36 0.38 0.38
Ara 0.17 0.20 0.22 024 0.25 0.26 0.27 0.29 0.30 0.32 0.32
A3 0.12 0.15 0.18 019 0.20 0.21 0.22 0.24 0.25 0.27 0.27
A 0.09 0.12 0.13 015 0.6 0.17 0.18 0.20 0.21 0.22 0.23
Ais 0.06 0.08 0.10 012 013 0.13 0.14 0.16 0.17 0.18 0.19
s 0.03 0.06 0.08 0.09 0.10 0.11 0.11 0.13 0.14 0.15 0.16
A 0.02 0.04 0.05 0.07  0.07 0.08 0.09 0.11 0.11 0.13 0.13
Aig 0.00 0.02 0.04 0.05 0.05 0.06 0.07 0.08 0.09 0.10 0.11
Ao 0.00 0.01 0.02 0.03 004 0.04 0.05 0.07 0.07 0.09 0.10
20 Ay ~ 17.21 16.60 1612 1573 1545 1517 1436 13.89 13.01 12.27
Az ~ 2.34 2.19 208  2.00 1.93 1.87 1.68 1.58 141 1.29
Az ~ 1.72 1.64 157 1.52 1.48 1.45 1.34 1.29 1.18 1.11
Ay ~ 1.35 1.30 126 1.24 1.21 1.19 1.13 1.09 1.03 0.99
As ~ 1.08 1.05 104 1.02 1.01 1.00 0.96 0.94 0.91 0.88
As ~ 0.87 0.86 085 0.85 0.84 0.84 0.83 0.82 0.80 0.79
Aq ~ 0.70 0.71 071 071 0.71 0.71 0.71 0.71 0.70 0.70
Ag ~ 0.57 0.58 059  0.59 0.59 0.60 0.61 0.61 0.62 0.62
Ag ~ 0.46 0.47 048 049 0.50 0.50 0.52 0.53 0.54 0.54
A ~ 0.36 0.38 040 041 0.41 0.42 0.44 0.45 0.47 0.47
Aty ~ 0.29 0.31 032 034 0.34 0.35 0.38 0.39 0.40 0.41
Ara ~ 0.22 0.25 026 027 0.28 0.29 0.32 0.33 0.35 0.35
A3 ~ 0.17 0.20 021  0.22 0.23 0.24 0.26 0.28 0.29 0.30
A ~ 0.13 0.15 017 0.18 0.19 0.20 0.22 0.23 0.25 0.25
Ais ~ 0.10 0.12 013  0.14 0.15 0.16 0.18 0.19 0.21 0.21
s ~ 0.07 0.09 010 011 0.12 0.13 0.15 0.16 0.17 0.18
Mg ~ 0.05 0.07 0.08  0.09 0.10 0.10 0.12 0.13 0.14 0.15
Aig ~ 0.03 0.05 0.06  0.07 0.08 0.08 0.10 0.11 0.12 0.13
Mg ~ 0.02 0.03 0.04  0.05 0.06 0.06 0.08 0.09 0.10 0.11
Ax ~ 0.01 0.02 0.03 0.03 0.04 0.04 0.06 0.07 0.09 0.09
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the researcher), was calculated by summing the
explanation proportions (4;) in the eigen value column of
each relevant n-p combination i Table 1. These
satisfactory  explanation proportions are selected
subjectively. Thus, some of the eigen values providing
the limit that the researcher determined may not be
significant statistically. It 1s necessary to designate the
eigen values that may be sigmficant to a specific error
level (for this study «=0.05) to prevent this
inconvenience. The criteria used in most of the statistical
package programs for preventing such mconvemencies is
to obtain the Principal Components set by taking the
eigen values equal to or greater than 1. Alternatively, the
researcher may constitute the Principal Components set
more objectively by comparing his experiment’s eigen
values with the critical values given in Table 2 (For the
experiments different from the n and p combinations given
in Table 2, an interpolation technique may be applied). For
example, assume that for p=5 and n=30, the eigen values
are 4,=5.89,4,=3.62,4,=0.97,4,=0.24 and 4,=0.01.
Using the general criteria, a researcher would constitute
his Principal Components set with the first two Principal
Components as only the first two eigen values are equal
to or greater than 1. Alternatively, for the p=>5 and n=30
combination, the critical values in Table 2 calculated
empirically in this study are
Ay =463 4y=4. 41, 4,=0.75,4,-1.34 4. =0.07

As: h>ALh»h, and A> A (A, < A, and A > A
The researcher may decide to constitute the Principal

Components set with the first three Principal Components

878

Results of this study may be used for determining the
number of the Principal Components that are necessary in
constituting the set of Principal Components (depending
to the eigen values) using the critical empirical eigen
values given in Table 2, and providing an alternative
decision making method to researchers, and may be used
for a second opimon because of its practical use and
objective evaluation.
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