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[Abstract]

In this paper, we studied the impact of outliers on the power of the significance tests for Cronbach
alpha reliability coefficient. Four variables were varied: sample size, the number of items, the number of
outliers and population Cronbach Alpha levels. We simulated data using multivariate normal distribution
and used outliers sampled from uniform distribution. To test the significance of Cronbach Alpha
Reliability, parametric approach(F statistic) and permutation method were used. Consequently, we
observed that the powers of permutation test are equal to or greater than those of F test under all
conditions, and also both F test and permutation test lose the power as the number of outliers increases,

and that these effects of outliers on the power are enhanced for increasing population alpha levels.
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I. Introduction
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II. Cronbach’s Alpha and Hypothesis
Testing

1. Parametric Test
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21 ek 2
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IlI. Data Generation and Power of Tests
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Fig. 1. Scatter plot of normal data with outliers
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IV. Numerical Results
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Table 1. Powers when data are parallel and k=4

0.592 -> 0.942 -> 0.973%2 %7511 o5
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& =01 n=20, k=4°]lA, §=0.1¢ = FA%
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0.592 -> 0.286(m FEo]d A4, 0.612 -> 0.289)2
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0 =0.1 0 =04 0 =07

n m perm. o perm. o perm. o
F test test A(%) F test test A(%) F test test A(%)

1 0.256 0.261 1.95 0.409 0.418 2.20 0.592 0.612 3.38

20 2 0.238 0.243 2.10 0.313 0.320 2.24 0.412 0.424 2.91
3 0.217 0.220 1.38 0.276 0.281 1.81 0.347 0.450 0.86

4 0.191 0.196 2.62 0.235 0.241 2.55 0.286 0.289 1.05

1 0.258 0.263 1.94 0.479 0.491 2.51 0.711 0.730 2.67

25 2 0.251 0.255 1.59 0.378 0.388 2.65 0.527 0.538 2.09
3 0.246 0.252 244 0.326 0.334 2.45 0.421 0.427 1.43

4 0.223 0.227 1.79 0.292 0.297 1.71 0.357 0.362 1.40

1 0.274 0.277 1.09 0.540 0.550 1.85 0.811 0.830 2.34

30 2 0.273 0.280 2.56 0.423 0.428 1.18 0.606 0.618 1.98
3 0.254 0.259 1.97 0.360 0.370 2.78 0.484 0.493 1.86

4 0.238 0.244 2.52 0.325 0.331 1.85 0.432 0.440 1.86
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Table 2. Powers when data are parallel and k=8

6 =0.1 0 =04 6 =07
n m F test perm. A(%) F test perm. A(%) F test perm. A%)
test test test
1 0.249 0.251 0.80 0.665 0.684 2.86 0.942 0.946 0.42
20 2 0.226 0.230 1.77 0.436 0.440 0.92 0.691 0.700 1.30
3 0.205 0.207 0.98 0.352 0.356 1.14 0.549 0.554 0.91
4 0.198 0.200 1.01 0.294 0.296 0.68 0.437 0.440 0.69
1 0.297 0.303 2.02 0.817 0.827 1.22 0.986 0.987 0.10
25 2 0.252 0.255 1.19 0.567 0.574 1.23 0.869 0.874 0.58
3 0.230 0.233 1.30 0.431 0.436 1.16 0.686 0.693 1.02
4 0.229 0.231 0.87 0.391 0.392 0.26 0.591 0.595 0.68
1 0.320 0.324 1.25 0.916 0.921 0.55 0.996 0.997 0.10
30 2 0.283 0.287 1.41 0.682 0.691 1.32 0.940 0.943 0.32
3 0.263 0.265 0.76 0.539 0.545 1.1 0.829 0.832 0.36
4 0.255 0.257 0.78 0.465 0.468 0.65 0.711 0.715 0.56
Table 3. Powers when data are parallel and k=10
6 =01 6 =04 6 =07
n m F test perm. A(%) F test perm. A(%) F test perm. A%)
test test test
1 0.275 0.281 2.18 0.794 0.800 0.76 0.973 0.976 0.31
20 2 0.246 0.249 1.22 0.533 0.541 1.50 0.833 0.838 0.60
3 0.224 0.227 1.34 0.419 0.423 0.95 0.658 0.661 0.46
4 0.205 0.206 0.49 0.336 0.340 1.19 0.525 0.528 0.57
1 0.310 0.316 1.94 0.913 0.916 0.33 0.995 0.995 0.00
25 2 0.268 0.272 1.49 0.674 0.678 0.59 0.940 0.941 0.11
3 0.250 0.252 0.80 0.524 0.527 0.57 0.812 0.816 0.49
4 0.228 0.231 1.32 0.437 0.440 0.69 0.694 0.697 0.43
1 0.360 0.365 1.39 0.974 0.975 0.10 0.999 0.999 0.00
30 2 0.294 0.297 1.02 0.807 0.810 0.37 0.988 0.989 0.10
3 0.283 0.285 0.71 0.677 0.680 0.44 0.939 0.942 0.21
4 0.267 0.270 1.12 0.550 0.552 0.36 0.831 0.832 0.12
Table 4. Powers when data are tau-equivalent and k=4
6 =0.1 6 =04 6 =07
n m F test perm. A(%) F test perm. A%) F test perm. A%)
test test test
1 0.229 0.234 2.18 0.364 0.370 1.65 0.543 0.553 1.84
20 2 0.222 0.227 2.25 0.298 0.304 2.01 0.383 0.394 2.87
3 0.205 0.208 1.46 0.259 0.264 1.93 0.328 0.333 1.52
4 0.185 0.187 1.08 0.224 0.228 1.79 0.272 0.279 2.57
1 0.219 0.224 2.28 0.423 0.431 1.89 0.654 0.667 1.99
25 2 0.232 0.239 3.02 0.344 0.356 3.49 0.494 0.502 1.62
3 0.234 0.238 1.71 0.313 0.316 0.96 0.397 0.404 0.76
4 0.208 0.213 2.40 0.278 0.281 1.08 0.346 0.348 0.58
1 0.244 0.248 1.64 0.483 0.492 1.86 0.751 0.766 2.00
30 2 0.247 0.253 2.43 0.391 0.396 1.28 0.563 0.572 1.60
3 0.236 0.241 2.12 0.340 0.343 0.88 0.461 0.469 1.74
4 0.224 0.228 1.79 0.310 0.315 1.61 0.415 0.422 1.69
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Table 5. Powers when data are tau-equivalent and k=8
0 =0.1 0 =04 0 =07
n m perm. perm. perm.
A% A% A%
F test test (%) F test test (%) F test test (%)
1 0.186 0.188 1.08 0.501 0.507 1.20 0.825 0.828 0.36
20 2 0.184 0.187 1.63 0.353 0.360 1.98 0.587 0.592 0.85
3 0.180 0.181 0.56 0.297 0.302 1.68 0.476 0.480 0.84
4 0.174 0.176 1.15 0.260 0.262 0.77 0.387 0.388 0.26
1 0.214 0.218 1.87 0.640 0.646 0.94 0.907 0.912 0.55
25 2 0.201 0.201 0.00 0.457 0.460 0.66 0.753 0.760 0.93
3 0.190 0.190 0.00 0.366 0.372 1.64 0.594 0.597 0.51
4 0.191 0.193 1.05 0.337 0.339 0.59 0.529 0.533 0.76
1 0.234 0.236 0.85 0.737 0.741 0.54 0.966 0.968 0.21
30 2 0.222 0.225 1.35 0.552 0.560 1.45 0.855 0.858 0.35
3 0.219 0.224 2.28 0.446 0.452 1.35 0.733 0.740 0.95
4 0.215 0.217 0.93 0.398 0.400 0.50 0.637 0.639 0.31
Table 6. Powers when data are tau-equivalent and k=10
0 = 0.1 0 =04 0 =07
n m perm. perm. perm.
00 00 A 00
F test test A (%) F test test A (%) F test test (%)
1 0.195 0.197 1.03 0.571 0.577 1.05 0.865 0.868 0.35
20 2 0.189 0.191 1.06 0.425 0.426 0.24 0.697 0.700 0.43
3 0.175 0.176 0.57 0.339 0.341 0.59 0.563 0.566 0.53
4 0.169 0.170 0.59 0.282 0.285 1.06 0.453 0.455 0.44
1 0.207 0.210 1.45 0.701 0.707 0.85 0.943 0.945 0.21
25 2 0.203 0.206 1.48 0.521 0.525 0.77 0.831 0.834 0.36
3 0.195 0.196 0.51 0.424 0.427 0.71 0.703 0.707 0.57
4 0.186 0.187 0.54 0.362 0.363 0.28 0.594 0.595 0.17
1 0.234 0.241 2.99 0.807 0.811 0.50 0.977 0.978 0.10
30 2 0.217 0.220 1.38 0.644 0.645 0.16 0.914 0.915 0.1
3 0.212 0.216 1.89 0.536 0.543 1.31 0.842 0.845 0.36
4 0.217 0.219 0.92 0.458 0.461 0.66 0.734 0.736 0.27
‘:{Ftest'f 1 S 1
L perm. tes o |5
o | o \\
[ [ E e \
: 3 : 8 : 33 ne30
-9 & o a \ \
5\*’ n=30 N \5
31N O,
® \ = ¥ - s
&) :E\&‘%es =] x K\QQ
e B % Sy 5
!%Hég%‘ o \Ka ] n=20 \5
g =25 éxg n=20 \5
o n=20 H\___‘g = o
i 2 3 . 1' 2 3 J ; s .
Fig. 2. Powers when data are parallel and k=4 with (a) # = 0.1 (b) § = 0.4 (c) 8 = 0.7
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