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ABSTRACT
This research aimed to compare the performance of the one-way analysis of variance (F test), Welch's test, Kruskal-Wallis
test, Van der Waerden test, and Median test for testing the difference between central values of more than two independent populations

using counting data with binomial and Poisson distributions. The criteria used to evaluate and compare the efficiency of the proposed
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tests are the ability to control the probability of type I error and power. The results showed that for the binomial distribution data, all

tests could control the probability of type I error for most situations, except when the sample size of each group was 10, and the

variance of each group was less than 4, and when the sample size of each group was 15 and (n, p) were (10, 0.1) and (10, 0.7).

For the Poisson distribution data, all tests could also control the probability of type I error in almost situations. However, except for

the Welch's Test, the Van der Waerden Test, and the Median Test, the probability of type 1 error could not be controlled in cases

when the sample size of each group was ten and 4 = 30. When considering the power, it was found that the analysis of variance

provided the highest power than other tests in almost situations. The results of this study will guide data analysts in choosing an

appropriate statistic for testing the difference between central values of more than two independent populations when data is count data.
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§ ' ' a S > ' ' ' ' VoA
MINN 2 ﬂ']‘l_]isﬂﬂmﬂ'l"lNu?ﬂ&ﬂuﬂa\iﬂ’ﬂﬂwﬂwa’]ﬂLL‘IJ'U‘VI 1 SWSUNAFAUANNUANANIENINAINANYDIUTEHNTNINAD 2 ﬂQNﬂNﬂWiLLQﬂLLQ\?{h‘dQ

MNAas MINAFDU 21n06eg1 (Ny, N2 N3)
A A A3 (Test) (10,10, 10) (15, 15,15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
5 5 5 F (ANOVA) 0.0533 0.0483 0.0548 0.0470 0.0495
Welch 0.0533 0.0498 0.0560 0.0466 0.0479
Kruskal-Wallis 0.0498 0.0476 0.0525 0.0474 0.0496
Van der Waerden 0.0478 0.0468 0.0523 0.0454 0.0469
Median 0.0430 0.0491 0.051 0.0472 0.0483
10 10 10 F (ANOVA) 0.0490 0.0475 0.0470 0.0508 0.0484
Welch 0.0467 0.0468 0.0466 0.0516 0.0493
Kruskal-Wallis 0.0435 0.0434 0.0485 0.0492 0.0494
Van der Waerden 0.0424 0.0458 0.0457 0.0477 0.0492
Median 0.0405 0.0475 0.0511 0.0541 0.0496
15 15 15 F (ANOVA) 0.0538 0.0514 0.0524 0.0528 0.0487
Welch 0.0542 0.0502 0.0542 0.0516 0.0480
Kruskal-Wallis 0.0498 0.0484 0.0509 0.0501 0.0457
Van der Waerden 0.0495 0.0471 0.0490 0.0488 0.0451
Median 0.0416 0.0462 0.0494 0.0515 0.0515
20 20 20 F (ANOVA) 0.0501 0.0512 0.0475 0.0485 0.0495
Welch 0.0485 0.0519 0.0486 0.0474 0.0493
Kruskal-Wallis 0.0454 0.0493 0.0458 0.0473 0.0464
Van der Waerden 0.0447 0.0461 0.0446 0.0469 0.0477
Median 0.0404 0.0515 0.0456 0.0503 0.0450
25 25 25 F (ANOVA) 0.0494 0.0479 0.0488 0.0473 0.0501
Welch 0.0507 0.0467 0.0481 0.0481 0.0506
Kruskal-Wallis 0.0451 0.0460 0.0460 0.0467 0.0492
Van der Waerden 0.0455 0.0450 0.0459 0.0460 0.0474
Median 0.0427 0.0478 0.0482 0.0513 0.0476
30 30 30 F(ANOVA) 0.0426 0.0457 0.0535 0.0468 0.0503
Welch 0.0394* 0.0465 0.0522 0.0489 0.0510
Kruskal-Wallis 0.0408 0.0443 0.0480 0.0450 0.0481
Van der Waerden 0.0398* 0.0428 0.0492 0.0440 0.0477
Median 0.0358* 0.0518 0.0481 0.0539 0.0471

NNIELNB) * ANEIN mswmaaulﬁmmsamuqNmmihazrﬂuwmmmﬁmwmmmuﬁ 1 lé’

MW 3 MszINUMaIMIMageU SIBSUNedauANNLANANITERINMnaNTaIlsEnsINNN 2 n

3

aunimsuanuaminu

MNAeas MInagau 2UNAFIBEN (nl,nz,m)

(n, py) (n, p,) (n, p3) (Test) (10,10,10)  (15,15,15) (20, 20, 20) (25, 25, 25) (30, 30, 30)

(10,0.1)  (10,0.125) (10,0.1)  F (ANOVA) 0.0018 0.0827 0.1121 0.1368 0.1605
Welch 0.0018 0.0785 0.1098 0.1295 0.1566
Kruskal-Wallis 0.0017 0.0760 0.1083 0.1273 0.1479
Van der Waerden 0.0017 0.0786 0.1109 0.1325 0.1581
Median 0.0016 0.0741 0.0958 0.1114 0.1310

(10,0.1) (10,0.125) (10,0.15)  F (ANOVA) 0.0099 0.1878 0.2385 0.3035 0.3496
Welch 0.0107 0.1877 0.2377 0.3035 0.3484
Kruskal-Wallis 0.0097 0.1783 0.2282 0.2923 0.3323
Van der Waerden 0.0096 0.1807 0.2350 0.3027 0.3467
Median 0.0083 0.1491 0.1821 0.2281 0.2691
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?1399 3 (6)

mNdeas MNeaEaY 2110681 (N, N2 N3)
(n, py) (n, po) (n, pa) (Test) (10,10, 10) (15,15,15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
(10,0.5) (10, 0.525) (10, 0.5) F (ANOVA) 0.0253 0.0672 0.0720 0.0796 0.0870
Welch 0.0250 0.0690 0.0741 0.0793 0.0864
Kruskal-Wallis 0.0236 0.0652 0.0699 0.0741 0.0862
Van der Waerden 0.0225 0.0629 0.0693 0.0760 0.0852
Median 0.0224 0.0651 0.0671 0.0687 0.0763
(10, 0.7) (10,0.8)  (10,0.7) F (ANOVA) 0.0879 0.4920 0.6293 0.7445 0.8315
Welch 0.0887 0.5003 0.6408 0.7545 0.8397
Kruskal-Wallis 0.0842 0.4782 0.6225 0.7336 0.8195
Van der Waerden 0.0833 0.4814 0.6235 0.7399 0.8274
Median 0.0603 0.3527 0.4673 0.5524 0.6357
(30,0.1)  (30,0.125) (30,0.1) F (ANOVA) 0.0645 0.2095 0.2717 0.3331 0.3893
Welch 0.0604 0.1895 0.2539 0.3135 0.3696
Kruskal-Wallis 0.0594 0.1874 0.2482 0.3098 0.3624
Van der Waerden 0.0589 0.1915 0.2565 0.3189 0.3758
Median 0.0441 0.1541 0.1908 0.2308 0.2752
(30,0.1)  (80,0.125) (30,0.15) F (ANOVA) 0.3211 0.4865 0.6318 0.7271 0.8070
Welch 0.3076 0.4711 0.6202 0.7190 0.8006
Kruskal-Wallis 0.3002 0.4617 0.6012 0.7035 0.7840
Van der Waerden 0.3034 0.4690 0.6172 0.7176 0.7978
Median 0.2039 0.3417 0.4388 0.5283 0.6074
(30,0.5)  (30,0.525) (30,0.5) F (ANOVA) 0.0793 0.1113 0.1294 0.1571 0.1736
Welch 0.0789 0.1088 0.1264 0.1524 0.1722
Kruskal-Wallis 0.0736 0.1030 0.1210 0.1465 0.1649
Van der Waerden 0.0726 0.1029 0.1204 0.1480 0.1678
Median 0.0618 0.0851 0.1015 0.1158 0.1240
(30, 0.7) (30, 0.8) (30,0.7) F (ANOVA) 0.7894 0.9470 0.9856 0.9975 0.9991
Welch 0.7814 0.9433 0.9854 0.9971 0.9992
Kruskal-Wallis 0.7674 0.9360 0.9811 0.9957 0.9990
Van der Waerden 0.7709 0.9404 0.9835 0.9970 0.9992
Median 0.5887 0.8207 0.916 0.9665 0.9856
(50,0.1)  (50,0.125) (50,0.1) F (ANOVA) 0.2204 0.3205 0.4163 0.5163 0.5856
Welch 0.2011 0.2968 0.3881 0.4920 0.5598
Kruskal-Wallis 0.1991 0.2925 0.3807 0.4822 0.5522
Van der Waerden 0.2031 0.2998 0.3954 0.4964 0.5681
Median 0.1395 0.2266 0.2888 0.3620 0.4054
(50,0.1)  (50,0.125) (50, 0.15) F (ANOVA) 0.5125 0.7180 0.8513 0.9279 0.9619
Welch 0.4862 0.7001 0.8393 0.9235 0.9601
Kruskal-Wallis 0.4794 0.6908 0.8293 0.9130 0.9533
Van der Waerden 0.4882 0.7007 0.8426 0.9194 0.9584
Median 0.3194 0.5156 0.6502 0.7681 0.8373
(50,0.5) (50, 0.525) (50,0.5) F (ANOVA) 0.1108 0.1471 0.1899 0.2263 0.2676
Welch 0.1083 0.1437 0.1840 0.2199 0.2630
Kruskal-Wallis 0.1026 0.1370 0.1806 0.2143 0.2497
Van der Waerden 0.1036 0.1377 0.1820 0.2185 0.2608
Median 0.0805 0.1124 0.1389 0.1635 0.1807
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@199 3 (a)

mNdeas MINAFDU 211061 (N, N2 N3)
(np)  (np)  (npy) (Test) (10,10,10)  (15,15,15) (20, 20,20) (25, 25,25) (30, 30, 30)
(50,0.7) (50,0.8) (50,0.7) F (ANOVA) 0.9560 0.9972 0.9998 1.0000 1.0000
Welch 0.9494 0.9962 0.9998 1.0000 1.0000
Kruskal -Wallis 0.9446 0.9959 0.9997 1.0000 1.0000
Van der Waerden 0.9493 0.9961 0.9997 1.0000 1.0000
Median 0.8084 0.9569 0.9916 0.9980 1.0000

VANELE) GUALHINI NANET MInadauiiimaInsnagaugede

IR 4 MUsENUMAIMINATUMNTUNAFBUANNUANENTENTNAINTNYIUIENINTINANT 2 AgNNIMTUaInUaITiIz

WNRADS MINAFDU 2108819 (Ny, N2 N3)
A1 A2 As (Test) (10,10,10) (15,15, 15) (20, 20, 20) (25, 25, 25) (30, 30, 30)
5 6 5 F (ANOVA) 0.1468 0.2029 0.2671 0.3277 0.3732
Welch 0.1296 0.1871 0.2507 0.3107 0.3553
Kruskal-Wallis 0.1325 0.1822 0.2465 0.3024 0.3476
Van der Waerden 0.1307 0.1864 0.2521 0.3134 0.3600
Median 0.0967 0.1451 0.1839 0.2282 0.2565
5 6 7 F (ANOVA) 0.3266 0.4751 0.5996 0.7221 0.8083
Welch 0.3040 0.4636 0.5878 0.7126 0.8003
Kruskal-Wallis 0.3019 0.4482 0.5734 0.6970 0.7857
Van der Waerden 0.3018 0.4567 0.5832 0.7086 0.7982
Median 0.1970 0.3221 0.4270 0.5250 0.6023
5 6 8 F (ANOVA) 0.6201 0.8194 0.9277 0.9691 0.9876
Welch 0.5745 0.7924 0.9132 0.9622 0.9865
Kruskal-Wallis 0.5794 0.7875 0.9076 0.9580 0.9835
Van der Waerden 0.5848 0.7979 0.9151 0.9631 0.9863
Median 0.4109 0.6246 0.7728 0.8585 0.9145
20 22 20 F (ANOVA) 0.1450 0.2022 0.2685 0.3260 0.3820
Welch 0.1316 0.1938 0.2593 0.3115 0.3722
Kruskal-Wallis 0.1287 0.1881 0.2510 0.3057 0.3642
Van der Waerden 0.1289 0.1896 0.2557 0.3167 0.3696
Median 0.0924 0.1512 0.1888 0.2288 0.2571
20 22 24 F (ANOVA) 0.3520 0.5085 0.6457 0.7593 0.8354
Welch 0.3330 0.4937 0.6337 0.7491 0.8305
Kruskal-Wallis 0.3270 0.4804 0.6145 0.7323 0.8185
Van der Waerden 0.3287 0.4888 0.6307 0.7474 0.8269
Median 0.2224 0.3539 0.4545 0.5600 0.6323
20 22 26 F (ANOVA) 0.6799 0.8643 0.9529 0.9830 0.9932
Welch 0.6401 0.8427 0.9440 0.9816 0.9924
Kruskal-Wallis 0.6367 0.8344 0.9384 0.9781 0.9909
Van der Waerden 0.6432 0.8447 0.9467 0.9819 0.9928
Median 0.4416 0.6732 0.8054 0.8920 0.9364
30 35 30 F (ANOVA) 0.4837 0.6656 0.8074 0.8857 0.9431
Welch 0.4460 0.6326 0.7880 0.8720 0.9328
Kruskal-Wallis 0.4427 0.6289 0.7789 0.8647 0.9258
Van der Waerden 0.4464 0.6394 0.7931 0.8758 0.9351
Median 0.3073 0.4675 0.6007 0.7140 0.7877
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M99 4 (6)

MNHwas MINaFaU 21106 (N, N2 N3)

A1 Ao A3 (Test) (10, 10, 10) (15, 15, 15) (20, 20, 20) (25, 25, 25) (30, 30, 30)

30 35 40 F (ANOVA) 0.9001 0.9852 0.9986 0.9996 1.0000
Welch 0.8808 0.9827 0.9983 0.9995 1.0000
Kruskal-Wallis 0.8774 0.9789 0.9974 0.9993 1.0000
Van der Waerden 0.8820 0.9823 0.9983 0.9995 1.0000
Median 0.6822 0.9033 0.9666 0.9898 0.9974

30 35 45 F (ANOVA) 0.9984 1.0000 1.0000 1.0000 1.0000
Welch 0.9967 1.0000 1.0000 1.0000 1.0000
Kruskal-Wallis 0.9968 1.0000 1.0000 1.0000 1.0000
Van der Waerden 0.9975 1.0000 1.0000 1.0000 1.0000
Median 0.9557 0.9981 0.9997 1.0000 1.0000
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