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Estimation of slope A using the Sequential Slope
in Simple Linear Regression Model
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Abstract

Distribution-free estimation methods are proposed for slope [ in the simple linear
regression model. In this paper, we suggest the point estimators using the sequential
slope based on sign test and Wilcoxon signed rank test. Also confidence intervals are
presented for each estimation methods. Monte Carlo simulation study is carried out to
compare the efficiency of these methods with least square method and Theil's
method. Some properties for the proposed methods are discussed.
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<E 1> FAHge Hoan EFHA

Eta n Hethod LSE Theil £A71 7] &371e7]
Distribution (sign test) | (signed rank test)
Normal ~0.9999(0.2383) -0.9999(0.2582) -0.9944(0.5549) ~0.9966(0.3419)
6 Double~-Exp ~1.0022(0.2420) -1.0006(0.2423) ~0.9947(0.4904) ~0.9996(0.3237)
Cauchy -1.0212(0.8314) -1.0003(0.0209) -1.0000(0.0309) -1.0008(0.0347)
Uniform -0.9997(0.1382) | -0.9998(0.1483) -0.9994(0.3164) -0.9997(0.1902)
Normal -1.0010(0.0964) -1.0000(0.1005) -1.0049(0.3156) -1.0011(0.1822)
1 Double-Exp -0.9987(0.0959) -0.9987(0.0891) -0.9976(0.2772) -0.9976(0.1709)
Cauchy ~-0.9918(0.8596) -0.9999(0.0052) -0.9999(0.0142) -0.9999(0.0115)
Uniform ~1.0005(0.0549) ~1.0005(0.0592) -0.9998(0.1843) -1.0000(0.1033)
Normal -0.9996(0.0543) -0.9996(0.0570) -1.0006(0.2887) -0.9999(0.1286)
4 16 Double-Exp -0.9993(0.0535) -0.9997(0.0483) -1.0011(0.2399) ~1.0015(0.1225)
Cauchy -0.9993(0.6762) | -1.0000(0.0025) -0.9984(0.0116) -0.9999(0.0082)
Uniform -0.9997(0.0311) | -0.9997(0.0333) | -0.9964(0.1633) |  -0.9991(0.0703)
Normal -1.0000(0.0200) -1.0000(0.0209) -1.0018(0.1862) ~1.0007(0.0722)
31 Double-Exp -0.9998(0.0201) -0.9999(0.0174) -1.0008(0.1543) -1.0001(0.0712)
Cauchy -1.0011(0.1406) ~0.9995(0.0008) -0.9999(0.0071) ~0.9999(0.0047)
Uniform -0.9998(0.0115) -0.9999(0.0120) -0.9999(0.1073) -0.9995(0.0387)
Normal ~0.9959(0.0098) -0.9999(0.0101) -0.9989(0.1522) ~1.0005(0.0503)
50 Double-Exp -0.9999(0.0097) -0.9999(0.0083) -0.9999(0.1229) -0.9997(0.0507)
Cauchy -1.0113(1.1291) -1.0000(0.0004) -1.0000(0.0056) ~1.0000¢0.0035)
Uniform ~1.0000(0.0056) -0.9999(0.0060) -1.0009(0.0865) -0.9998(0.0262)
Normal 5.0015(0.2357) 4.9978(0.2563) 5.0101(0.5517) 5.0080(0.3375)
6 Double-Exp 5.0011(0.2378) 4.9998(0.2409) 4.9993(0.4964) 4.9937(0.3229)
Cauchy 4.832(25.4483) 5.0007(0.2378) 5.0010(0.3031) 5.0008(0.3983)
Uniform 4.9997(0.1363) 4.9988(0.1471) 5.0003(0.3148) 4.9981(0.1911)
Normal 5.0005(0.0958) 5.002(0.1018) 4.9993(0.3205) 5.0014(0.1852)
1 Double-Exp 5.0015(0.0963) 5.0005(0.0894) 5.0019(0.2733) 5.0007(0.1736)
Cauchy 4.9874(1.0221) 5.0000(0.0506) 5.0003(0.0316) 5.0007(0.0520)
Uniform 4.9999(0.0550) 5.0003(0.0550) 5.0028(0.1845) 5.0005(0.1032)
Normal 5.0002(0.0540) 5.0004(0.0568) 5.0001(0.2850) 5.0006(0.1293)
5 16 Double-Exp 4.9993(0.0551) 4.9999(0.0489) 4,9981(0.2403) 5.0004(0.1231)
Cauchy 4.987(11.9779) 4,9999(0.0249) 4.9998(0.1153) 4.9990(0.0798)
Uniform 5.0005(0.0309) 5.0005(0.0330) 5.0005(0.1644) 5.0011(0.0710)
Normal 4.9999(0.0116) 4,9999(0.0122) 4.9993(0.1067) 5.0003(0.0390)
31 Double-Exp 5.0001(0.0199) 5.0001(0.0174) 4.9999(0.5130) 4.9987(0.0718)
Cauchy 4,9964(0.7704) 4.9999(0.0008) 5.0000(0.0070) 5.0000(0.0048)
Uniform 5.0002(0.0115) 4.9999(0.0122) 5.0007(0.1069) 4.9998(0.0388)
Normal 5.0003(0.0096) 5.0001(0.0101) 4,9993(0.1483) 5.0002(0.0504)
50 Double-Exp 4.9999(0.0097) 4,9999(0.0083) 4,9982(0.1211) 5.0004(0.0531)
Cauchy 4.9973(0.4504) 5.0000(0.0038) 4.9999(0.0552) 4.9998(0.0350)
Uniform 5.0000(0.0056) 5.0000(0.0060) 5.0001(0.0872) 5.0001(0.0260)
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<E 2> AT HHdo]

Beta| n Yemed e Theil EA71E7] EX71 271
Distribution (sign test) | (signed rank test)

Normal 1.252 1.140 3.549 3.549

6 Double-Exp 1.204 1.261 3.459 3.459
Cauchy 0.390 0.278 1.118 1.118
Uniform 0.738 0.806 2.093 2.093
Normal 0.420 0.477 2.987 2.110

1 Double-Exp 0.411 0.431 1.756 2.044
Cauchy 0.206 0.030 0.249 1.305
Uniform 0.245 0.283 1.818 1.243
Normal 0.229 0.240 2122 1.638

-1 16 Double-Exp 0.224 0.210 1.846 1.528
Cauchy 0.131 0.012 0.106 0.065
Uniform 0.133 0.142 1.295 0.972
Normal 0.082 0.084 1.378 0.921

31 Double-Exp 0.081 0.071 1.159 0.842
Cauchy 0.050 0.004 0.056 0.053
Uniform 0.047 0.050 0.827 0.547
Normal 0038 . 0.042 1.052 0.729

50 Double-Exp 0.039 0.035 0.864 0.663
Cauchy 0.075 0.002 0.040 0.039
Uniform 0.023 0.025 0.626 0.434
Normal 1.249 1.348 3571 3571

6 Double-Exp 1.200 1.253 3.479 3.479
Cauchy 4171 3.030 1.058 1.058
Uniform 0.738 0.801 2077 2.077
Normal 0.419 0.477 2.985 2.110

1 Double-Exp 0.407 0.430 1.743 2.034
Cauchy 0.219 0.029 0.235 0.235
Uniform 0.245 0.283 1.810 1.239
Normal 0.228 0.239 2.167 1.638

5 16 Double-Exp 0.225 0.209 1.846 1.530
Cauchy 1.673 0.118 1.062 1.428
Uniform 0.133 0.142 1.294 0.972
Normal 0.047 0.082 0.827 0.548

31 Double-Exp 0.080 0.071 1.156 0.839
Cauchy 0.088 0.004 0.055 0.053
Uniform 0.047 0.050 0.827 0.547
Normal 0.039 0.042 1.053 0.727

50 Double-Exp 0.039 0.035 0.863 0.663
Cauchy 0.264 0.016 0.401 0.392
Uniform 0.023 0.025 0.627 0.434
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<E 3> AT APAIHFE

Beta| n vered Lo Theil A7) | @A e)
Distribution (sign test) | (signed rank test)
Normal 0.9509 0.9066 0.9978 0.9978
6 Double-Exp 0.9531 0.9453 0.9968 0.9968
Cauchy 0.9689 0.9440 0.9976 0.9976
Uniform 0.9502 0.9478 0.9972 0.9972
Normal 09514 0.9513 1 1
11 Double-Exp 0.9551 0.9630 0.9919 0.9999
Cauchy 0.9683 0.9609 0.9996 0.9999
Uniform 0.9513 0.9621 0.9999 1
Normal 0.9535 0.9518 0.9996 1
- 16 Double-Exp 0.9553 0.9512 0.9997 1
Cauchy 0.9697 0.9483 1 0.9804
Uniform 0.9511 0.9519 0.9996 1
Normal 0.8530 0.9505 0.9995 1
31 Double-Exp 0.9500 0.9450 0.99%4 0.9999
Cauchy 0.9698 0.9458 0.9997 1
Uniform 0.9551 0.9537 0.999 1
Normal 09546 0.9570 0.9992 1
50 Double-Exp 0.9539 0.9558 0.9997 1
Cauchy 0.9679 0.9581 0.9994 1
Uniform 0.9512 0.9524 0.9994 1
Normal 0.9531 0.9473 0.9960 0.9960
6 Double-Exp 0.9566 0.9455 0.9973 0.9973
Cauchy 0.9672 0.9430 0.9973 0.9973
Uniform 0.9500 0.9461 0.9964 0.9970
Normal 0.9507 0.9578 1 1
1 Double-Exp 0.9503 0.9600 0.9922 1
Cauchy 0.9698 0.9602 0.9997 0.9998
Uniform 0.9502 0.9587 1 1
Normal 0.9501 09504 0.9999 1
5 16 Double-Exp 0.9513 0.9511 0.9997 1
Cauchy 0.9722 0.9525 0.99%6 1
Uniform 0.9507 0.9518 0.9995 1
Normal 0.9492 0.9458 0.9995 1
31 Double-Exp 0.9533 0.9498 0.9993 1
Cauchy 0.9688 0.9473 0.9952 0.9997
Uniform 0.9519 0.9501 0.9998 1
Normal 0.9550 0.9575 0.9998 1
50 Double-Exp 0.9535 0.9581 0.9994 1
Cauchy 0.9658 0.9554 0.9991 1
Uniform 0.9516 0.9560 0.99%4 1




