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N
Uvod

Clanek " Two-sample gradual change analysis” autorti Zdeiika Hldvky a
Marie Huskové ptedstavuje metodu pro detekci postupnych zmén v
rozdéleni dvou nezavislych vybéri. P¥iklad: rozdily v rychlosti skoku mezi
pohlavimi - 432 divek a 364 chlapcil ve v&ku 6 a7 19 let.

@ Metoda vicendsobného testovani
@ Change point analyza

@ Srovnani
°

Simulace
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Zakladni charakteristiky dat

girls

boys

cat. | Vi (61)

Yz (52)

7 [1.89(0.17)
8 [2.00(0.21)
9 [2.01(0.21)
10 [2.06 (0.18)
112.19(0.22)
12]2.23 (0.15)

12-13 [2.26 (0.13)
13-142.30 (0.22)
14-15|2.28 (0.23)
15-16 | 2.37 (0.17)
16-172.33 (0.19)
17-182.35(0.18)
18-19[2.33 (0.17)

33
43
33
42
42
30
41
32
31
29
17
25
34

1.87(0.18)
1.98 (0.20)
2.06 (0.21)
2.14(0.18)
2.17(0.19)
2.31(0.23)
2.35(0.23)
2.53(0.21)
2.66 (0.19)
2.72 (0.22)
2.83 (0.28)
2.76 (0.16)
2.87(0.10)

19
38

29
45
37

36
20
26

13
14
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Metoda vicenasobného testovani

chceme odhad nezndmého bodu zmény —13 t-testil
rychlost skokl u chlapcii a u divek jsou od 6 do 10 let p¥iblizn& stejné

zfetelné vyssi u chlapcl od 13 let

korekce na vicenasobné testovani

e Bonferonni - kontroluje chybu 1. druhu
e Benjamini-Hochberg (BH) - kontroluje chybu 2. druhu
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Age girls boys p-values
cat. | Y1 (61) mni| Ya (62) mo| t-test Bonferroni BH
6-7 [1.89(0.17) 33(1.87(0.18) 19(0.780 1.000 0.780
7-8 |2.00(0.21) 43|1.98(0.20) 38(0.646  1.000  0.763
8-9 [2.01(0.21) 33]2.06(0.21) 38(0.369 1.000 0.479
9-10(2.06 (0.18) 42|2.14(0.18) 29|0.081. 1.000 0.117
10-11[2.19(0.22) 42(2.17(0.19) 45/0.713  1.000  0.773
11-12|2.23(0.15) 30|2.31(0.23) 37[0.062.  0.800  0.100
12-13|2.26(0.13) 41(2.35(0.23) 40|0.047* 0.615  0.088.
13-14(2.30(0.22) 32|2.53(0.21) 360.000%** 0.001*** 0.000***
14-15(2.28 (0.23) 31{2.66 (0.19) 20 (0.000*** 0.000*** 0.000***
15-16 |2.37(0.17) 29|2.72(0.22) 26 |0.000%** 0.000*** 0.000***
16-17|2.33(0.19) 17(2.83(0.28) 9[0.001*** 0.006** 0.001**
17-18 |2.35 (0.18) 25(2.76 (0.16) 13 [0.000%** 0.000%** 0.000%**
18-19(2.33(0.17) 34 |2.87(0.10) 14|0.000%** 0.000%** 0.000%**
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-
Predpoklady

(A1) Pozorovani Yju(j =1,2; k = 1,...,nj;) jsou ziskdna v ase
i(i=1,..,n).

(A2) VZechna pozorovani jsou nezavisla.

(A3) E(Y1; — Yai) =+ 6((i — ko)/n)+(i = 1,..., n), kde p, § jsou
nezndmé parametry a kg = nfy pro n&jaké 6y € (0,1).
(A4) Var(Yii) = O'J%- >0=1,2i=1,...,mk=1,..n).
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|
Homoskedasticky pfipad

(A4*) Var(Yy; — Ya;) = 02/m(i = 1, ..., n), kde 02 je nezndmy parametr a
m miZe z3viset na n.
k,

m
LSE £, 4, k., minimalizuji 7 {Y1; — Ya;i — a — d((i — k)/n)+}2.

n = 4 t 5o 2
T {Zi=1($ik — i) (Y1 — Yzl)}
® ket S (@i — TP

t?r')
Il
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LSE v nasem p¥ipadé

T — {iizaYi - ?21')}2

0 = arg max T 3
ke(1,n) D el T

= Yoz (Yii — Yai)

i1 leﬁ
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N
Vlastnosti odhadi

06 [00(1—00)"*ku—ko D
192852 0 0 "
(nm) U{ 130, } = == MO8}

12 (1= 60)%? (1 +390)1/2 = D

(nm) pr = (0p —6) — N(0,1)

= (nm)V/25(Kk, — ko)/n = Op(1) a (nm)V/2(8,, — 5)/n = Op(1)
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MC simulace
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|
Heteroskedasticky pfipad

” oV — Vi) /72)
ko(7?) = arg max Ei d;,b i — Yo/} = arg max Tj22(k)
ke(1n) YT fTE ke(1,n)

Bootstrap algoritmus

@ Odhad parametri § a kg

N ~

e Vypotitejte vyrovnané hodnoty D; = 8o((i — k)/n)+(i =1,...,n)
@ Forb=1tob=B:
o Vygenerujte D;* = D; + fiei*(i =1, ..., n), kde ¢;* ~ N(0,1) jsou

nezavislé .
o Vypotitejte odhad bodu zmény k, z bootstrapového vybé&ru
Di*,....,D,"
o Vypotitejte empiricky kvantil g,* z kAl* — /2, el kAB* —k pro
ac(0,1).
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Simulace-homoskedasticky p¥ipad

. %,
SR R R Re() | B ke BT ()
0.1 | 888 952 933 940 | 895 939 93.7 945
02924 959 928 949 | 91.7 948 943 956
mi—10 | 04941 923 929 919 | 955 924 933 920
7t 0.6 | 928 932 926 924 | 939 899 922  90.2
0.8 904 905 900 908 | 89.6 87.7 89.2  89.1
09| 781 783 792 784 | 80.1 748 764 760
e 0.1 939 920 944 921 | 951 928 946  93.0
02963 928 956 924 | 954 927 958  94.7
m—op | 04935 920 923  9L1 | 927 916 920 908
o 0.6 | 876 901 90.1  89.8 | 89.3 87.1 889 884
08 | 888 89.0 89.7 87.8 | 899 869 87.2 884
09| 721 704 749 701 | 724 709 726 703
0.1 965 943 940 949 | 949 935 958  93.1
02971 941 950 937 | 969 930 950 936
=10 | 04| 940 937 938 939 | 944 921 930 928
7 06 | 932 909 927 927 | 919 921 9.7  91.8
08| 948 956 943 953 | 938 945 925  93.7
09 | 841 843 848 840 | 831 818 844 809
B2 0.1 973 950 944 949 | 970 935 934 953
02951 943 941 943 | 935 939 941 940
mo—op | 04]930 931 931 929 | 936 936 931 947
7 0.6 | 91.9 90.7 928 928 | 9.7 936 92.0 91.4
08932 919 913 907 | 91.8 925 915 893
09| 795 814 834 793 | 823 804 824 824

Two-sample gradual change analysis April 18, 2023

12 /20



Simulace-heteroskedasticky p¥ipad

n=10 n =20
0 % .
Fu Ro(P) | ku ko RPT Fu ko KT ke(7)
0.1 65.1 67.9 |88.1 925 92.5 97.5 95.1 938
HOL 0.469.9 70.7 [96.3 94.7 95.7 94.1 944 95.1
0.8 | 74.7 68.5 | 885 86.5 86.7 95.9 95.2 914
0.9 | 84.1 80.5 |78.6 774 788 77.5 80.8 78.9
0.1 | 60.5 65.6 |83.7 942 92.5 95.3 95.0 93.1
HO2 0.4 | 65.9 69.6 |90.6 884 91.0 93.6 92.8 932
0.8 | 69.4 729 (904 89.2 910 89.6 90.7 904
0.9 | 80.0 83.7 |76.8 719 75.6 82.6 823 819
0.1 | 90.0 940 | 888 946 93.4 92.6 93.1 953
HI10 0.4 97.1 99.7 1927 915 94.3 94.6 949 933
0.8 | 89.0 922 |91.6 925 90.7 95.3 94.8  90.5
0.9 (941 875 87.5 685 [92.4 88.8 86.1 87.5 89.1 823
0.1/656 654 556 69.9 [89.9 93.1 918 90.4 91.7 942
HIL 04710 672 674 708 [924 948 932 93.7 93.1 933
0.8(79.0 787 76.1 71.0 (922 843 90.7 96.8 96.4 893
09955 925 846 73.1 [93.1 90.3 875 88.4 86.3  80.1
0.1(589 639 499 640 (883 956 920 88.8 924 931
H12 0.4 (703 683 653 69.5 [90.0 87.1 88.6 94.5 94.7 929
08796 77.5 78.8 722 (911 90.1 92.7 93.9 91.3 888
09932 883 817 78.0 [91.3 852 85.7 88.6 90.9 822
0.1(80.9 924 91.0 994 (821 91.5 88.0 97.0 98.9 993
H20 0.4(93.8 946 932 998 [93.0 89.6 89.9 97.4 96.6  99.2
0.8(78.0 755 79.1 741 [78.2 774 762 93.2 9.1 941
0.9 90.6 862 84.8 783 [90.0 86.5 83.3 79.0 83.7 744
0.1 (588 638 48.8 669 [76.6 8.7 80.7 945 [87.8 87.0 933
H21 04606 628 619 652 [83.9 820 833 884 [850 842 908
08733 70.7 68.0 693 [79.9 794 769 798 [84.7 84.3 881
09933 88.7 81.8 825 [87.6 85.4 813 789 |8l.1 79.7 774
0.1(49.8 584 394 69.1 [(61.6 844 73.7 948 [79.0 80.4  93.0
H22 04571 612 56.0 725 [74.1 68.2 756 90.2 81.0 933
08726 675 72.1 676 (826 79.0 749 735 75.5 894
09922 866 792 799 [90.3 83.7 832 821 819 768
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P¥ipady v simulaci

Nr. of observations (n;:)

nji=m | m{14+3I(i odd)}/2 | m{1+ 3I(i >n/2)}/2
o;; constant (oj; = o) HO1 HO02
oji =o(1421(i > ko)) H10 H11 H12
oji = o(1+ 2I(i even)) H20 H21 H22
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Zaokrouhlovani

expected difference of sample means
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Simulace

ko kge
6 | MSE  bias  coverage | MSE  bias coverage
020 [ 0124 0003  936% | 0.112 —0.010  94.6%
022 | 0113 —0.016  95.3%
025 | 0125 ~0010  92.9%
028 | 0122 0011 90.3%
iz 10 | 030 | 0116 0001 95.0%
0.70 | 0432 ~0041  93.3%
0.72 | 0.466 ~0.065  91.7%
0.75 | 0678 —0.138  $8.4%
0.78 | 0.936 ~0123  915%
- 0.80 | 1.160 0224 918%
= 020 | 0.053 0002 93.2%
022 | 0.051 0003 98.4%
0.25 | 0.053 ~0017  95.4%
0.28 | 0.059 —0009  95.2%
0.30 | 0.063 0011 92.8%
070 | 0.177 0004 96.3%
072 | 0.194 4 95.6%
0.75 | 0.246 0052 9L7%
078 | 0.319 0034 93.2%
0.80 | 0.399 0092 96.9%
020 | 0.054 Z0004  9.7%
0.22 | 0.056 —0003  95.3%
025 | 0.056 0003 95.4%
0.28 | 0.061 —0.009  91.6%
0.30 | 0.063 0012 93.9%
0.70 | 0.150 0001 94.7%
072 | 0175 —0033  94.5%
0.75 | 0.200 0023 96.7%
0.78 | 0220 —0.026  90.8%
0.80 | 0.263 0022 938%
n=20
020 | 0.027 0004 93.3%
022 | 0.026 0010 98.0%
0.25 | 0.030 0005 93.6%
0.28 | 0.026 0001 95.9%
030 | 0.033 —0.004  941%
0.70 | 0.078 —0.000  94.1%
0.72 | 0.089 —0.001  95.9%
075 | 0.093 0006 93.4%
078 | 0112 ~0012  94.3%
080 | 0114 —0012 95.7%
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Funkce
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Porovnani
Age girls boys p-values o
cat. Yi (61) ni| Y2 (G2) no|t-test Bonferroni BH Eo(?z) ESC(?Q) 3
6-7 [1.89(0.17) 33(1.87(0.18) 19|0.780 1.000 0.780 1888 iggg g
7-8 12.00(0.21) 43|1.98(0.20) 380.646 1.000 0.763 1'000 1'000 8
8-9 [2.01(0.21) 33(2.06(0.21) 38/0.369 1.000 0.479 0:999 02997 9
9-10(2.06 (0.18) 42(2.14(0.18) 290.081. 1.000 0.117 0.861 0.846 10
10-11(2.19(0.22) 42(2.17(0.19) 45|0.713 1.000 0.773 0.113 0:117 1
11-1212.23(0.15) 30/2.31(0.23) 37|0.062. 0.800 0.100 0.003**  0.003%* 12
12-132.26 (0.13) 41]2.35(0.23) 400.047* 0.615 0.088. 0.000%** 0.000%** | 13
13-14(2.30(0.22) 32(2.53(0.21) 36{0.000*** 0.001*** 0.000*** 0'000*** 0‘000*33 14
14-15(2.28(0.23) 31(2.66(0.19) 20|0.000*** 0.000%** 0.000%** 0‘000*g* 0‘000$*$ 15
15-16 (2.37(0.17) 29(2.72(0.22) 26|0.000%** 0.000*** 0.000%*** 0'000*** 0‘000*33 16
16-17(2.33(0.19) 17(2.83(0.28) 9]0.001*¥* 0.006** 0.001** 0'000*** 0'000.\**: 17
17-18(2.35(0.18) 25(2.76(0.16) 13|0.000*** 0.000*** 0.000*** 0'000*** 0‘000**3 18
18-19{2.33(0.17) 342.87(0.10) 14|0.000*** 0.000*¥* 0.000*** : ’
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|
Verifikace (A3)

Jumping speeds Differences
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