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Abstract

The reliability of the data means the overall consistency of the measurement results. Methods for evaluating
reliability have been continuously studied because it affects the results of the statistical analysis. Cronbach’s
a coefficient or intraclass correlation coefficient is used for reliability evaluation; however, these measures
cannot be applied to data consisting of three-dimensional coordinates to represent an object. In this study,
we propose a measure to evaluate the reliability of three dimensional shapes based on statistical shape
analysis that is made possible by extracting the shape information from the measured three dimensional
coordinates and decomposing the shape variation.
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(a) side view (b) frontal view (c) bottom view

Figure 3.1. A three dimensional macaque skull (Dryden and Mardia, 2016, Chapter 1).
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Figure 3.2. A three dimensional mean shape and Procrustes fitted landmarks of macaque skulls.
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A4, onte] dsolE9] FAF Wist AA F4EL & 5 gleng, Foixl HolH AoA ATEE=
AE ARl Fepagel s 4 (2.1)0] wet A5 s FA5 DG4S AE AR B p,,
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NABA Zin®) T BAAES 77 2717} 3 x 1) MEIQ zuik, 220, -, 27 OB SR F, kA
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7FE = AA B w2k sl Lo

Zin=Z2ip= - =Zyp=p,., i=1,...

,9
o] AAE WSS 2 etk 2y A2elA AFSH uke} o] AR ASE FAHL YntHo R g
A g3t Hol AR ghe AdRel el ZHzke] Fodol tigt wHEAS qe =5
Z

7 BYRIE Aol BIT § ALE A o) W, 249l GLBE 3R S0l 2
o o]RojA B oju 54 ¥ 5t grk =9 4P mAe 2

o Azl Golw GRS Al
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3712) o
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wEbA 2 Aol M= iR JHAIS] DA PRl tiE kA HEEAS oA WS A B
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| 43 SRxte] Aol Ar 00 2HFOZA AZATE Aol 7} Foj=t

Zir = i=1,...,9, k=1,...,r (3.2)
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Table 3.1. The variation of Procrustes sum of squares of 7 landmarks with changes in 7 and A (mean + sd)

23

r

A 2 3 4 5

0.0 0.00000 £ 0.00000 0.00000 £ 0.00000 0.00000 £ 0.00000 0.00000 £ 0.00000
0.1 0.00023 + 0.00003 0.00048 £ 0.00006 0.00072 £ 0.00006 0.00093 + 0.00007
0.2 0.00095 + 0.00015 0.00190 £ 0.00020 0.00286 £ 0.00026 0.00379 £ 0.00028
0.3 0.00215 + 0.00028 0.00428 £ 0.00046 0.00631 +£ 0.00054 0.00852 + 0.00059
0.4 0.00371 % 0.00057 0.00734 £ 0.00072 0.01129 + 0.00100 0.01513 +£ 0.00107
0.5 0.00606 + 0.00089 0.01167 £ 0.00114 0.01769 £ 0.00165 0.02353 + 0.00172
0.6 0.00834 + 0.00141 0.01683 £ 0.00182 0.02523 £ 0.00213 0.03369 + 0.00268
0.7 0.01128 + 0.00167 0.02319 £ 0.00275 0.03483 £ 0.00298 0.04613 £ 0.00350
0.8 0.01503 + 0.00216 0.03001 + 0.00314 0.04525 £ 0.00393 0.06047 + 0.00458
0.9 0.01945 + 0.00277 0.03773 £ 0.00378 0.05685 £ 0.00491 0.07592 +£ 0.00609
1.0 0.02340 + 0.00316 0.04654 £ 0.00494 0.06977 £ 0.00561 0.09393 + 0.00785
1.1 0.02815 + 0.00359 0.05677 £ 0.00506 0.08562 £ 0.00773 0.11379 + 0.00896
1.2 0.03323 £ 0.00456 0.06738 £ 0.00734 0.10023 +£ 0.00853 0.13401 £ 0.00999
1.3 0.03947 + 0.00532 0.07884 £ 0.00899 0.11872 + 0.01081 0.15964 + 0.01183
1.4 0.04595 + 0.00688 0.09238 £ 0.00976 0.13663 £ 0.01170 0.17981 + 0.01232
1.5 0.05165 + 0.00734 0.10466 £ 0.01213 0.15917 £ 0.01505 0.21398 + 0.01668
1.6 0.06065 + 0.00963 0.11811 +£ 0.01230 0.17983 £ 0.01560 0.23919 + 0.01587
1.7 0.06821 + 0.01048 0.13494 + 0.01645 0.20197 +£ 0.01682 0.27021 + 0.02129
1.8 0.07360 + 0.01167 0.14990 £ 0.01556 0.22549 + 0.01989 0.29917 £ 0.02171
1.9 0.08576 + 0.01345 0.16726 £ 0.01644 0.25072 £ 0.02146 0.33330 £ 0.02473
2.0 0.09237 + 0.01337 0.18108 +£ 0.01970 0.27744 £ 0.02617 0.37107 £ 0.02897

3.2.

Table 3.1
£ 3ok Siatel 4

Qo3|
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Ztzre] AR r3] WHEsto] A sHA AT F4E,
(2.9)9 ZzaxE2= AEEe AL

Z ol T FAAEE A W
d3toltt. Table 3.19] 235 HH,

Q9] A > 08 71F 02 WHIAS ro] FAAY meE meagsd= AFTe) FEI B2AA

7 ENRe BT 5 ek =9, 4ol 12 AR0E A SN Wet mmaelaEz AT
P23 BEAAE FH0S HAT £ Atk AL BE H A G4 p, ol oS 27k Ayt
e G aslelmz, A%k Sl net Azke] Al il NEASE Sl ol de
gk & & ek webd A7k A24% 2zl ARl ts) MR ASE AvkEo] $AFL <)
37 o] A= Brhn BEG 5 9 Aolth Tejut 228004 AFW vk} dol 4 (29)9] m2
e sEI AFTE B Lae) AL 28 AN, AT 54 & AAAY A 0] ol gol
£tk olo] Zzke) AFEE B AT ALSDA S A (2.11)9) AHE A% RCY WES sk}

3t A3}7} Table 3.20] AA)= o] QlTh

Table 3.2%} Figure 3.32 4] (3.2)9] A%} ro] Wzl W& AF % A4 RCY FHFd BEHAX | o

o WES Bk A = 090 A9+ Table 3.18] ZHRZRE r3]9] Hmﬁﬂ% AN AAE B4
QXPV}m%ﬂﬂsg%é%%»hﬂ}UE W3l 3 FASHA BE RCE o] 12 vt A
(2.10)9] JM] Folst 4 9tk 283 9o A > 08 7|Fo= 7"0] ZS7Fgel wel A= E A
RCO H#2 4TS AT 4= 9tk o] Table 3.100A 48] A > 0 7|22 W3S ro]
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Table 3.2. The means and standard deviations of RC with changes in r and A (mean =+ sd)

Shin Sang Min

T

A 2 3 4 5

0.0 1.000 £ 0.000 1.000 £ 0.000 1.000 £ 0.000 1.000 £ 0.000
0.1 0.997 £ 0.001 0.995 £ 0.001 0.995 £ 0.000 0.995 £ 0.000
0.2 0.987 £ 0.002 0.982 £ 0.002 0.980 £ 0.002 0.978 £ 0.002
0.3 0.971 £ 0.005 0.961 £ 0.004 0.956 + 0.004 0.953 + 0.004
0.4 0.950 £ 0.008 0.934 £ 0.007 0.926 £ 0.007 0.920 £ 0.006
0.5 0.926 £ 0.012 0.902 £ 0.011 0.890 £ 0.010 0.882 £ 0.009
0.6 0.900 £ 0.016 0.868 £ 0.015 0.851 £ 0.013 0.841 £ 0.012
0.7 0.873 £ 0.020 0.831 £ 0.018 0.811 £ 0.018 0.798 £ 0.016
0.8 0.847 £ 0.024 0.795 £ 0.022 0.770 £ 0.020 0.754 £ 0.018
0.9 0.822 £ 0.028 0.762 £ 0.026 0.731 £ 0.023 0.712 £ 0.023
1.0 0.795 £ 0.031 0.726 £ 0.028 0.694 £ 0.027 0.674 £ 0.025
1.1 0.771 £ 0.036 0.696 £ 0.032 0.657 £ 0.029 0.637 £ 0.027
1.2 0.750 £ 0.037 0.667 £ 0.034 0.625 £ 0.031 0.601 £ 0.029
1.3 0.731 £ 0.040 0.638 £ 0.037 0.595 £ 0.035 0.567 £+ 0.031
1.4 0.712 £ 0.043 0.616 £ 0.038 0.568 £ 0.035 0.541 £ 0.032
1.5 0.693 £ 0.046 0.594 £ 0.041 0.542 £ 0.036 0.512 £ 0.034
1.6 0.679 £ 0.045 0.572 £ 0.042 0.521 £ 0.036 0.490 £ 0.034
1.7 0.667 £ 0.047 0.555 £ 0.042 0.498 £ 0.037 0.467 £ 0.034
1.8 0.655 £ 0.047 0.538 £ 0.042 0.481 £ 0.038 0.447 £ 0.036
1.9 0.643 £ 0.049 0.523 £ 0.043 0.465 £ 0.042 0.428 £ 0.036
2.0 0.633 £ 0.049 0.509 £ 0.045 0.449 £ 0.040 0.411 £ 0.037
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Figure 3.3. The means of RC with changes in » and .
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