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Abstract

Purpose: This paper aims to compare and examine the statistical properties of four common estimators of process

standard deviation for grouped data in statistical quality control.

Methodology: To achieve the research objectives, the bias and the Mean Squared Error (MSE) of the estimators
will first be presented. Then, the estimators will be compared based on their MSEs.

Findings: It is shown that two estimators out of four estimators belong to two different classes of linear unbiased
estimators with the minimum variance. Furthermore, numerical calculations show that the estimator based on the

arithmetic mean of the group standard deviations is more efficient than the other estimators.

Originality/Value: Based on the results obtained in this study, it is suggested that for estimating the standard
deviation of the process in grouped data, an estimator based on the arithmetic mean of the standard deviations of

the groups should be used instead of estimators that are based on the arithmetic mean of the ranges of the groups.
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Table 2- Values e(6,,6,).

e(6,,6,) (N) dgeiojlsl  e(6,,6,) (N) Lges o3l
0.798 14 0.998 2
0.781 15 0.993 3
0.766 16 0.975 4
0.751 17 0.955 5
0.738 18 0.933 6
0.724 19 0.911 7
0.711 20 0.889 8
0.700 21 0.869 9
0.689 22 0.850 10
0.678 23 0.832 11
0.667 24 0.814 12
0.657 25 0.998 13
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Table 3- Values e(5,,6,) -
10 9 8 7 6 5 4 3 2 1

3

1.041 1.045 1.051 1.059 1.069 1.083 1104 1.139 1208 1.410
1.014 1.016 1.019 1..022 1.027 1.034 1044 1.061 1.095 1.194
0988 0.990 0.992 0.994 0.997 1.002 1008 1.019 1.041 1.107
0965 0966 0.967 0969 0971 0.975 0980 0988 1.004 1.053
0.941 0942 0.943 0.944 0.946 0.948 0.952 0.959 0.972 1.010
0918 0919 0.920 0921 0922 0.924 0928 0933 0.944 0.976
0.895 0.896 0.896 0.897 0.899 0.901 0.903 0.908 0.917 0.944
0.874 0.874 0.875 0876 0.877 0.879 0.881 0.885 0.893 0.917
0.855 0.855 0.856 0.856 0.857 0.859 0.861 0.865 0.872 0.893 10
0.836 0.836 0.837 0.837 0.838 0.840 0.842 0.845 0.851 0870 11
0.818 0.818 0.819 0.819 0.820 0.821 0.823 0.826 0.832 0.849 12
0.801 0.801 0.802 0.802 0.803 0.804 0.806 0.808 0.814 0.829 13
0.784 0.784 0.785 0.785 0.786 0.787 0.788 0.791 0.796 0.810 14
0.769 0.769 0.770 0.770 0.771 0.772 0.773 0.775 0.780 0.793 15
0.754 0.754 0.754 0.755 0.755 0.756 0.758 0.760 0.764 0.776 16
0.740 0.740 0.741 0.741 0.742 0.743 0.744 0.746 0.750 0.761 17
0726 0.726 0.727 0.727 0.727 0.728 0.729 0.731 0.735 0.746 18
0.713 0.713 0.714 0.714 0.715 0.715 0.716 0.718 0.722 0.732 19
0.702 0.702 0.702 0.702 0.703 0.704 0.705 0.706 0.710 0.720 20
0.691 0691 0.691 0.692 0.692 0.693 0.694 0.695 0.699 0.708 21
0.679 0.680 0.680 0.680 0.681 0.681 0.682 0.684 0.687 0.696 22
0.669 0.669 0.669 0.670 0.670 0.671 0.671 0.673 0.676 0.684 23
0.659 0.659 0.660 0.660 0.660 0.661 0.662 0.663 0.666 0.674 24
0.650 0.651 0.651 0.651 0.651 0.652 0.653 0.654 0.657 0.665 25

20 19 18 17 16 15 14 13 12 11 m

© oo ~NO Ul WN|S

n
1.020 1.021 1.022 1.023 1.025 1.027 1029 1.031 1.034 1037 2
1.003 1.004 1.005 1.005 1006 1.007 1.008 1.009 1.010 1.012 3
0982 0982 0.982 0.983 0983 0.984 098 098 0.98 0987 4
0960 0.960 0.960 0.961 0961 0.962 0.962 0.963 0.963 0964 5
0937 0937 0937 0.937 0.938 0938 0938 0939 0939 0940 6
0915 0915 0915 0.915 0.915 0916 0916 0916 0917 0917 7
0.892 0.892 0.893 0.893 0.893 0.893 0.893 0.894 0.894 0894 8
0872 0872 0.872 0872 0872 0872 0873 0873 0873 0873 9
0.852 0.853 0.853 0.853 0.853 0.853 0.853 0.854 0.854 0.854 10
0.834 0834 0.834 0.834 0834 0835 0835 0835 0835 0835 11
0816 0.816 0.816 0.816 0.817 0.817 0817 0.817 0.817 0.818 12
0.799 0.799 0.799 0.800 0.800 0.800 0.800 0.800 0.800 0.801 13
0.782 0.783 0.783 0.783 0.783 0.783 0.783 0.783 0.783 0.784 14
0.768 0.768 0.768 0.768 0.768 0.768 0.768 0.768 0.769 0.769 15
0.752 0.752 0.753 0.753 0.753 0.753 0.753 0.753 0.753 0.753 16
0739 0.739 0.739 0.739 0.739 0.739 0.739 0.740 0.740 0.740 17
0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.725 0.726 0.726 18
0.712 0.712 0.712 0.712 0.712 0.713 0.713 0.713 0.713 0.713 19
0.701 0.701 0.701 0.701 0.701 0.701 0.701 0.701 0.701 0.701 20
0.690 0.690 0.690 0.690 0.690 0.690 0.690 0.690 0.691 0.691 21
0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 22
0.668 0.668 0.668 0.668 0.668 0.668 0.668 0.668 0.669 0.669 23
0.658 0.658 0.658 0.658 0.659 0.659 0.659 0.659 0.659 0.659 24
0650 0.650 0.650 0.650 0.650 0.650 0.650 0.650 0.650 0.650 25
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Table 4- Values e(6,,6,) -
10 9 8 7 6 5 4 3 2 1 m

1.055 1.062 1070 1.080 1.093 1.112 1141 1.188 1.284 1.569
1.021 1.024 1027 1032 1.039 1.048 1.061 1.084 1.130 1.266
0993 0995 0.997 1000 1.005 1.011 1.020 1.034 1.064 1.153
0968 0970 0971 0974 0977 0981 0.988 0.999 1.021 1.087
0.943 0944 0.946 0.948 0950 0954 0.959 0.968 0.985 1.037
0920 0921 0.922 0.924 0926 0929 0933 0.940 0.955 0.998
0.897 0.898 0.899 0.900 0.902 0.904 0.908 0.914 0.926 0.963
0.876 0.876 0.877 0878 0.880 0.882 0.885 0.891 0.901 0.933
0.856 0.857 0.857 0.858 0.860 0.862 0.865 0.869 0.879 0.907 10
0.837 0.838 0.838 0.839 0.841 0.842 0.845 0.849 0.858 0.883 11
0.819 0.820 0.820 0.821 0.822 0.824 0.826 0.830 0.838 0.861 12
0.802 0.802 0.803 0.804 0.805 0.806 0.808 0.812 0.819 0.840 13
0.785 0.785 0.786 0.787 0.788 0.789 0.791 0.794 0.801 0.820 14
0.770 0.770 0.771 0.771 0.772 0.774 0.775 0.778 0.784 0.803 15
0.755 0.755 0.755 0.75%6 0.757 0.758 0.760 0.762 0.768 0.785 16
0.741 0.741 0.742 0.742 0.743 0.744 0.746 0.748 0.754 0.770 17
0.727 0.727 0.727 0.728 0.729 0.730 0.731 0.734 0.739 0.754 18
0.714 0.714 0.715 0.715 0.716 0.717 0.718 0.721 0.725 0.739 19
0.702 0.703 0.703 0.703 0.704 0.705 0.706 0.709 0.713 0.726 20
0.692 0.692 0.692 0.693 0.693 0.694 0.695 0.697 0.702 0.714 21
0.680 0.680 0.681 0.681 0.682 0.682 0.684 0.686 0.690 0.702 22
0.669 0.670 0.670 0.670 0.671 0.672 0.673 0.675 0.679 0.690 23
0.660 0.660 0.660 0.661 0.661 0.662 0.663 0.665 0.668 0.679 24
0.651 0.651 0.651 0.652 0.652 0.653 0.654 0.656 0.659 0.670 25
20 19 18 17 16 15 14 13 12 11 m

O©oOo~NO UL WN|S

n
1.027 1.028 1.030 1.032 1.034 1.036 1.039 1.042 1.046 1.050 2
1.007 1.008 1.008 1.009 1.010 1.011 1.013 1.014 1016 1.018 3
0984 0984 0.985 0985 0.986 0.987 0.988 0.989 0.990 0.991 4
0962 0962 0.962 0963 0.963 0.964 0964 0.965 0.966 0.967 5
0938 0938 0.939 0939 0.939 0940 0.940 0.941 0.942 0.942 6
0916 0916 0.916 0917 0.917 0917 0918 0.918 0.919 0.919 7
0.893 0.893 0.894 0.894 0.894 0.894 0.895 0.895 0.896 0.896 8
0.872 0.872 0.873 0.873 0873 0.873 0.874 0874 0.874 0.875 9
0.853 0.853 0.853 0.854 0.854 0.854 0.854 0.855 0.855 0.855 10
0.835 0.835 0.835 0.835 083 083 0836 0836 0836 0837 11
0.817 0.817 0.817 0.817 0.817 0.817 0.818 0.818 0.818 0.819 12
0.800 0.800 0.800 0.800 0.800 0.801 0.801 0.801 0.801 0.802 13
0.783 0.783 0.783 0.783 0.783 0.784 0.784 0.784 0.784 0.785 14
0.768 0.768 0.768 0.768 0.769 0.769 0.769 0.769 0.769 0.770 15
0.753 0.753 0.753 0.753 0.753 0.753 0.754 0.754 0.754 0.754 16
0.739 0.739 0.740 0.740 0.740 0.740 0.740 0.740 0.740 0.741 17
0.725 0.725 0.725 0.725 0.726 0.726 0.726 0.726 0.726 0.726 18
0.713 0.713 0.713 0.713 0.713 0.713 0.713 0.713 0.713 0.714 19
0.701 o0.701 0.701 0.701 0.701 0.701 0.702 0.702 0.702 0.702 20
0690 0.690 0.690 0.691 0.691 0.691 0.691 0.691 0.691 0691 21
0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.679 0.680 0.680 22
0.668 0.668 0.668 0.669 0.669 0.669 0.669 0.669 0.669 0.669 23
0.659 0.659 0.659 0.659 0.659 0.659 0.659 0.659 0.659 0.659 24
0.650 0.650 0.650 0.650 0.650 0.650 0.650 0.650 0.651 0.651 25
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Table 5- Critical dimension of a piece.

Hhre Blyoul asals osalie 09,55 0 ek
1210 279 1254 1374 1387 1108 1381 1
2466 570 9230 1340 1050 1421 1493 2
16.18 391 1174 155.0 1242 1356 1159 3
11.05 30.0 100.2 1226 130.2 1165 1185 4
1774 427 1509 1424 1171 1238 108.2 5
1795 43.0 1458 1350 1350 112.0 10238 6
1524 361 1193 1185 1128 8430 1204 7
16.66 46.0 1051 1239 1240 1511 1327 8
2016 47.0 1732 1271 1547 1262 136.4 9
1231 337 1304 1383 149.1 1154 1350 10
1586 406 1105 1437 1511 1279 139.6 11
1787 398 1651 1524 1304 160.2 1253 12
2317 50.0 1518 1133 1495 1018 1457 13

3.64 9.2 1411 1402 1319 1390 1386 14
2351 55.0 139.6 1138 1651 1146 1101 15
2184 536 1173 1202 1546 101.0 1452 16
1598 429 1050 1479 1215 1353 1259 17
20.69 532 1505 109.0 1305 97.30 129.7 18
1442 382 1542 1484 1616 150.0 1234 19
1211 322 1427 1518 119.6 1383 14438 20
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Table 6- Estimated values of process standard deviation and MSE / 6> .
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15 oy 2350 S S350 1l i 53 13 S g 4eys 5 Sl
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A 0.006900743

6, =17.56739
A — 0.006865232

6, =17.50709
63 =17.447 0.006853449
0.006588424

6,=17.72005
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