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Efficiency Comparison of the Standard Deviation
Estimation Methods for a Normal Distribution

When Data Set Containing Outliers
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Abstract

The objective of this research was to compare the efficiency of five population standard
deviation estimation methods — sample standard deviation (SD), mean absolute deviation (MAD),
adjusted range (AR), percentile tab-standard deviation (PSD) and adjusted standard deviation (ASD)
methods - for a normal distribution when data set containing outliers. The simulation data in the
form of normal distribution with mean ( u) equals 30 and the population standard deviation (o)
equals 1, 5, 10, 15 and 20 were generated by SAS programming. In addition, the sample sizes (n) in
this study were determined at 10, 20, 30, 50, 70 and 100, and the percentages of mild outliers were
set at 0, 10 and 20 of the sample sizes. The totals of 90 situations were studied. The criteria for
efficiency comparison were absolute bias (ABS) and mean square error (MSE). The conclusions of
this research were as follows: in the case of no-outliers, adjusted standard deviation (ASD) method
was the most efficient estimator for all situations based on considering the amount of ABS. In
addition, sample standard deviation (SD) method was the most efficient estimator for all situations
based on considering the amount of MSE. However, when the percentages of outliers were
contaminated with the data equal 10 and 20, mean absolute deviation (MAD) method tended to
have the lowest ABS and MSE for almost all situations. Unless, the percentage of mild outliers was
20 for a sample size of 30 and population standard deviation (o ) was 5, it was found that percentile

tab-standard deviation (PSD) method was the most efficient estimator.
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2 (2) vil® n=26, 27, 28, ..., 100;
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r(n) Wuilsiduuninn s T(n) = [x e dx
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M19197 1 AAEMSUNISAIIN 6, WA 6

nid, c, nid, c, nid,
2 11.128]0.7979 19 | 3.689|0.9862| 36 | 4.236
3 11.693(0.8862] 20 |3.735|0.9869| 37 |4.259
4 12.059]0.9213| 21 |3.778|0.9876| 38 | 4.280
5 12.326(0.9400( 22 | 3.819|0.9882| 39 | 4.301
6 |12.53410.9515| 23 |3.858|0.9887| 40 | 4.322
7 |2.704(0.9594| 24 13.895|0.9892| 41 |4.341
8 12.847]0.9650 25[3.931|0.9896| 42 |4.361
9 [2.970(0.9693| 26 | 3.964 4314.379
10(3.078(0.9727| 27 | 3.997 44 14.398
1113.173|0.9754| 28 | 4.027 4514.415
1213.258(0.9776| 29 | 4.057 46 (4.433
1313.336|0.9794| 30 | 4.086 47 14.450
1413.407(0.9810| 31 |4.113 48 [ 4.466
1513.472|0.9823| 32 [ 4.139 49 14.482
16 13.532(0.9835| 33 | 4.165 50 |4.498
1713.588|0.9845| 34 [ 4.189

1813.640(0.9854| 35 |4.213
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A15199 2 A1 ABS way MSE Laspuazunamusninueiinnu 0

SD MAD AR PSD ASD
ABS MSE ABS MSE ABS MSE ABS MSE ABS MSE
1 ]0.247 | 0.051* | 0.247 | 0.095 | 0.005 | 0.061 | 0.097 | 0.130 | 0.004* | 0.053
5 | 1234 | 1.274* | 1.234 | 2370 | 0.025 | 1.525 | 0.488 | 3.242 | 0.021* | 1.321
10 | 10 | 2.468 | 5.096* | 2.468 | 9.479 | 0.049 | 6.099 | 0.975 | 12.968 | 0.042* | 5.284
15 | 3.702 | 11.466* | 3.702 | 21.327 | 0.074 | 13.722 | 1.462 | 29.175 | 0.064* | 11.888
20 | 4.936 | 20.385* | 4.936 | 37.915 | 0.098 | 24.396 | 1.950 | 51.867 | 0.085* | 21.135
1 ]0.110 | 0.025* | 0.227 | 0.069 | 0.008 | 0.037 | 0.037 | 0.062 | 0.007* | 0.026
5 10.099 | 0.628* | 1.136 | 1.717 | 0.038 | 0.921 | 0.187 | 1.542 | 0.034* | 0.636
20 | 10 | 0.198 | 2.514* | 2.273 | 6.868 | 0.076 | 3.684 | 0.373 | 6.170 | 0.068* | 2.545
151 0.297 | 5.656* | 3.409 | 15.457 | 0.114 | 8.288 | 0.560 | 13.882 | 0.102* | 5.727
20 | 0.396 | 10.055* | 4.545 | 27.473 | 0.152 | 14.734 | 0.746 | 24.680 | 0.136* | 10.181
1 ]0.011 | 0.017* | 0.216 | 0.058 | 0.006 | 0.029 | 0.029 | 0.044 | 0.001* | 0.017*
5 10.053 | 0.417* | 1.079 | 1.457 | 0.028 | 0.724 | 0.148 | 1.098 | 0.004* | 0.423
30 | 10 | 0.106 | 1.669* | 2.158 | 5.827 | 0.057 | 2.896 | 0.295 | 4.393 | 0.009* | 1.691
15| 0.158 | 3.756* | 3.237 | 13.111 | 0.085 | 6.517 | 0.443 | 9.884 | 0.013* | 3.804
20 | 0.211 | 6.677* | 4317 | 23.308 | 0.113 | 11.586 | 0.590 | 17.571 | 0.017* | 6.763
1 |0.007 | 0.010* | 0.211 | 0.052 | 0.007 | 0.021 | 0.020 | 0.028 | 0.001* | 0.010*
5 10.035 | 0.256* | 1.055 | 1.296 | 0.036 | 0.515 | 0.097 | 0.688 | 0.007* | 0.257
50 | 10 | 0.070 | 1.022* | 2.110 | 5.182 | 0.072 | 2.058 | 0.195 | 2.752 | 0.014* | 1.029
151 0.105 | 2.300* | 3.164 | 11.661 | 0.108 | 4.630 | 0.292 | 6.193 | 0.021* | 2.315
20 | 0.140 | 4.089* | 4.219 | 20.730 | 0.144 | 8.232 | 0.389 | 11.009 | 0.028* | 4.116
1 ]0.006 | 0.007* | 0.209 | 0.049 | 0.005 | 0.018 | 0.012 | 0.019 | 0.002* | 0.007*
5 10.028 | 0.179* | 1.044 | 1.215 | 0.026 | 0.444 | 0.062 | 0.462 | 0.009* | 0.180
70 | 10 | 0.056 | 0.717* | 2.088 | 4.859 | 0.053 | 1.774 | 0.123 | 1.849 | 0.017* | 0.720
151 0.084 | 1.613* | 3.132 | 10.932 | 0.079 | 3.991 | 0.185 | 4.160 | 0.026* | 1.619
20 | 0.112 | 2.868* | 4.177 | 19.434 | 0.106 | 7.095 | 0.246 | 7.395 | 0.034* | 2.879
1 ]0.005 | 0.005*% | 0.208 | 0.047 | 0.004 | 0.015 | 0.008 | 0.014 | 0.002* | 0.005*
5 10.026 | 0.136* | 1.038 | 1.174 | 0.021 | 0.366 | 0.039 | 0.342 | 0.010* | 0.136*
100 | 10 | 0.053 | 0.543* | 2.076 | 4.694 | 0.041 | 1.463 | 0.079 | 1.369 | 0.020* | 0.544
151 0.079 | 1.221* | 3.114 | 10.561 | 0.062 | 3.292 | 0.118 | 3.081 | 0.030* | 1.224
20 | 0.106 | 2.171* | 4.152 | 18.776 | 0.083 | 5.853 | 0.157 | 5.476 | 0.040* | 2.176
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A15199 3 A1 ABS way MSE WiaspuazuasAiuaninaeiviiny 10

SD MAD AR PSD ASD
ABS MSE ABS MSE ABS MSE ABS MSE ABS MSE
1 (0474 | 0428 |0.041*| 0.093* | 0.654 | 0.710 |0.274 | 0.224 | 0.515 | 0.481
5 | 2369 | 10.712 [ 0.207* | 2.317* | 3.271 | 17.752 | 1.369 | 5.608 | 2.575 | 12.024
10 | 10 | 4.737 | 42.850 |0.414*| 9.270* | 6.541 | 71.012 | 2.739 | 22.433 | 5.151 | 48.102
15| 7.106 | 96.409 | 0.621* | 20.856* | 9.812 | 159.773 | 4.108 | 50.471 | 7.726 | 108.225
20| 9.474 | 171.393 | 0.827* | 37.077* | 13.082 | 284.039 | 5.477 | 89.725 | 10.302 | 192.398
1 |0.467 | 0.308 |0.065*| 0.048* | 0.548 | 0.413 | 0.203 | 0.121 | 0.486 | 0.329
512334 | 7.700 |0.326%| 1.196* | 2.741 | 10.319 | 1.013 | 3.026 | 2.431 | 8.224
20 | 10 | 4.668 | 30.800 | 0.652* | 4.784* | 5.483 | 41.274 | 2.026 | 12.102 | 4.863 | 32.896
151 7.002 | 69.298 | 0.978* | 10.763* | 8.224 | 92.865 | 3.038 | 27.231 | 7.294 | 74.015
20 | 9.336 | 123.199 | 1.304* | 19.134% | 10.965 | 165.097 | 4.051 | 48.410 | 9.725 | 131.585
110474 | 0.292 |0.082*| 0.039* | 0.507 | 0.336 | 0.197 | 0.094 | 0.488 | 0.307
5 |2369 | 7.289 |0.408%| 0.973* | 2.537 | 8.391 |0.984 | 2351 | 2.441 | 7.669
30 | 10 | 4.737 | 29.156 | 0.816* | 3.894* | 5.074 | 33561 | 4.016 | 17.508 | 4.882 | 30.677
15| 7.106 | 65.601 | 1.225%| 8.761* | 7.611 | 75.513 | 2.953 | 21.158 | 7.323 | 69.023
20 | 9.475 | 116.621 | 1.633* | 15.575% | 10.148 | 134.240 | 3.937 | 37.614 | 9.763 | 122.704
1 10476 | 0.266 |0.090*| 0.028* | 0.459 | 0.256 | 0.175| 0.066 | 0.484 | 0.274
5 | 2378 | 6.651 |0.450*%| 0.694* | 2.293 | 6.393 | 0.877 | 1.641 | 2.420 | 6.862
50 | 10 | 4.756 | 26.604 | 0.900* | 2.778* | 4.586 | 25.571 | 1.755 | 6.566 | 4.839 | 27.446
151 7.134 | 59.861 | 1.351*| 6.250*% | 6.879 | 57.537 | 2.632 | 14.773 | 7.259 | 61.756
20 | 9.512 | 106.419 | 1.801* | 11.112* | 9.172 | 102.287 | 3.509 | 26.264 | 9.678 | 109.788
110474 | 0.252 |0.093*| 0.022* | 0.423 | 0.208 | 0.169 | 0.053 | 0.480 | 0.258
5 | 2371 | 6.294 |0.464*| 0.547* | 2.114 | 5207 | 0.846 | 1.312 | 2.400 | 6.437
70 | 10| 4.743 | 25.176 | 0.929% | 2.188* | 4.227 | 20.829 | 1.692 | 5.249 | 4.801 | 25.748
15| 7.114 | 56.642 | 1.393* | 4.922* | 6.340 | 46.863 | 2.538 | 11.808 | 7.201 | 57.928
20 | 9.485|100.698 | 1.857* | 8.751* | 8.454 | 83.313 | 2.462 | 11.431 | 9.601 | 102.985
1 (0471 | 0.242 |0.094%| 0.019* | 0.392 | 0.175 | 0.163 | 0.044 | 0.475 | 0.246
5 | 2357 | 6.058 |0.468*| 0.468* | 1.958 | 4.380 | 0.816 | 1.100 | 2.377 | 6.155
100 | 10 | 4.714 | 24.232 | 0.935% | 1.874* | 3.917 | 17518 | 1.631 | 4.402 | 4.754 | 24.620
151 7.071 | 54521 | 1.403* | 4.217* | 5875 | 39.415 | 2.447 | 9.904 | 7.131 | 55.394
20 | 9.428 | 96.925 | 1.871* | 7.496* | 7.833 | 70.072 | 3.262 | 17.607 | 9.508 | 98.478
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A15199 4 A1 ABS way MSE Laspuarunamuaninugiviiny 20

SD MAD AR PSD ASD

ABS MSE ABS MSE ABS MSE ABS MSE ABS MSE

110769 | 0923 |0.331*| 0.285* |0.746 | 0.866 | 0.803 | 0.958 | 0.819 | 1.021

5| 3.845 | 23.077 |1.655* | 7.135* | 3.731 | 21.662 | 4.016 | 23.940 | 4.094 | 25.520
10 | 10| 7.691 | 92.315 | 3.310* | 28.543* | 7.462 | 86.652 | 8.032 | 95.767 | 8.187 |102.087
151 11.536 | 207.702 | 4.965* | 64.219* [11.193 [194.962 |12.048 |215.468 |12.281 |229.687
20| 15.382 | 369.247 | 6.620* | 114.168* |14.923 |346.598 |16.063 |383.052 | 16.375 |408.333
10752 | 0.712 |0.358* | 0.211* | 0.607 | 0.483 | 0.579 | 0.476 |0.776 | 0.752
5| 3763 | 17.809 |1.793*| 5.277* |3.038 | 12.081 | 2.895 | 11.890 | 3.879 | 18.795
20 | 10| 7.526 | 71.235 |3.587* | 21.109* | 6.076 | 48.323 | 5.789 | 47.560 | 7.758 | 75.181
151 11.289 | 160.277 | 5.380* | 47.495* | 9.114 |108.725 | 8.684 |107.008 |11.638 |169.155
20| 15.052 | 284.940 | 7.173* | 84.437* |12.152 (193.291 |11.578 [190.235 |15.517 |300.723
110752 | 0673 |0373*| 0.201* |0544 | 0.373 | 0.567 | 0.417 |0.769 | 0.701

5| 3759 | 16.824 | 1.867 | 5.015 |2.719 | 9.328 |1.061* | 0.492* | 3.845 | 17.530
30 | 10| 7.519 | 67.294 |3.734*| 20.060* | 5.437 | 37.308 | 5.668 | 41.640 | 7.690 | 70.116
151 11.278 | 151.414 | 5.600* | 45.135* | 8.156 | 83.943 | 8.502 | 93.691 |11.535 |157.762
20| 15.037 | 269.172 | 7.467* | 80.238* |10.875 (149.227 |11.336 |166.561 | 15.380 |280.458
10759 | 0.645 |0.388*| 0.190* |0.482 | 0.276 | 0.535 | 0.349 | 0.769 | 0.661

5| 3795 | 16.118 |1.939*%| 4.753* | 2.408 | 6.895 | 3.464 | 12.064 | 3.845 | 16.516
50 | 10| 7.591 | 64.470 |3.878* | 19.013* | 4.816 | 27.579 | 5.353 | 34.897 | 7.690 | 66.061
15| 11.387 | 145.064 | 5.818* | 42.782* | 7.224 | 62.055 | 8.030 | 78.516 |11.535 |148.644
20| 15.182 | 257.887 | 7.757* | 76.056* | 9.632 [110.318 |10.706 [139.581 | 15.380 |264.252
110749 | 0.606 |0.386* | 0.175* |0.435 | 0.217 |0.523 | 0.317 | 0.756 | 0.617
5| 3.746 | 15.156 |1.929*| 4.374* | 2.173 | 5433 | 2.614 | 7.915 | 3.780 | 15.423
70 | 10| 7.492 | 60.626 |3.859*| 17.498* | 4.347 | 21.732 | 5.228 | 31.660 | 7.560 | 61.692
15| 11.237 | 136.401 | 5.788* | 39.368* | 6.520 | 48.895 | 7.842 | 71.233 |11.340 |138.800
20114.983|242.493 | 7.717* | 69.988* | 8.693 | 86.925 |10.455 |126.633 |15.120 |246.757
110752 | 0.600 |0.392*| 0.173* |0.401 | 0.183 | 0.516 | 0.298 | 0.757 | 0.607
5| 3760 | 14.988 |1.959*%| 4.330* | 2.004 | 4.563 | 2581 | 7.455 |3.784 | 15.171
100 | 10| 7.521 | 59.951 [3.917*| 17.319* | 4.009 | 18.250 | 5.161 | 29.821 | 7.568 | 60.685
151 11.281 | 134.887 | 5.876* | 38.968* | 6.013 | 41.062 | 7.742 | 67.100 |11.352|136.539
20| 15.042 | 239.801 | 7.834* | 69.276* | 8.018 | 72.999 |10.322 [119.287 |15.137 |242.737
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adjusted range (AR) dandnlnagudlunnaniu
n15al FanureA2114133 adjusted standard
deviation (ASD) ta35 adjusted range (AR) il
win T duiussnailioudswessndouuy
1153 1UUTEYINT TedonndeItUNITANIVEN
Montgomery [3] ag13l5Ana Lﬁasﬁaaﬂaﬁmuaﬂ
inaugUanuluiosay 10 Waz 20 WUi1s sample
standard deviation (SD) latnungaud1usunig
Uszanaandsauuinasgulsseing lunnsedu
ﬁuawi'nﬁmLuummgwﬂimm (o) wazuun

Fot () PAnAARITUNUITEUDY Leys Laz

Ay [12]

5. #3UNaN1599Y
mAeilfinasinisuisuiioulssans
AN 2 N9l A AIAULEULBEANYTal (ABS)
LazAIANAaInIAGoufdsaedady (MSE) 39
FrsUsznaridsauunasgulsssnsdmi
foyaiinisuanuasusnitiledeyaiinuoninasi
filviAALouBsaduysal (ABS) LazAIAIY
AanLAdouindsasade (MSE) miigalunday

anun1salanunsaasuliawisned 5

4

P aa oA g v o1 = o i
M15°991 5 BnsUsznaandesuuninsgiudsynsiibiaiauewdesduysal (ABS) wazd1AIy

AaAARBUMGIARRAY (MSE) dnfigaluldazaniunsal

o ﬂ'wLﬁmLuummiﬂmUszmm (o)
ﬁaaa.g 1 5 10 15 20
YDIAN n
LD ;ABS !:ASE ?BS I:/\SE éABS Iz/\SE ;ABS !Z/\SE ;ABS IEASE
pgn | Andn | eEn | AEn | AR | ANda | ege | ega | adn | Ange
10 | ASD SD ASD SD ASD SD ASD SD ASD SD
20 | ASD SD ASD SD ASD SD ASD SD ASD SD
30 | ASD |[SD,ASD| ASD SD ASD SD ASD SD ASD SD
0 50 | ASD [SD, ASD| ASD SD ASD SD ASD SD ASD SD
70 | ASD |SD,ASD| ASD SD ASD SD ASD SD ASD SD
100 | ASD |SD, ASD| ASD SD ASD SD ASD SD ASD SD
10 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
20 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
30 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
10 50 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
70 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
100 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
10 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
20 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
30 | MAD MAD PSD PSD MAD | MAD | MAD | MAD | MAD | MAD
20 50 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
70 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
100 | MAD MAD MAD | MAD | MAD | MAD | MAD | MAD | MAD | MAD
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