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APPLICATION OF HIDDEN MARKOVIAN MODEL TO
TANNER STAGES

student - Hsin-Yu Ko Advisors - Dr. Nan-Fu Peng

Institute of Statistics
National Chiao Tung University

ABSTRACT

This thesis discusses the changes in-adolescent African
American boys and girls. Tanner-stage is commonly used for
assessment of the status of sexual development. Since human
growth is continuous and Tanner stage has an ordinal outc-
ome with self-rating, it is possible to rate to adjacent stages.
Thus, this thesis specially considers Hidden Markov Model to
analyze. It is used for determining durations of Tanner stages
among adolescent African American children and rating the

transition probability.
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( % 1-1) : Tanner Staging 2. Z_&

l. Girls
Tanner Stage of Pubic Hair Breasts
Stage develop
Stage 1 Early Preadolescent Preadolescent
adolescence
(10-13 years)
Stage 2 Sparse, straight small mound
Stage 3 Middle Dark, curl bigger; no contour
adolescence separation
(12-14 years)
Stage 4 Coarse, curly, Secondary mound of
abundant areola
Stage 5 Late Triangle; medial nipple projects; areola
Adolescence thigh part of breast
(14-17 years)
Il. Boys
Tanner Stage of Pubic Hair Penis Testes
Stage develop.
Stage 1 Early None Preadolescent | preadolescent
adolescence
(10.5-14 years)
Stage 2 Scanty Slight larger
increase
Stage 3 Middle Darker, curls | Longer larger
adolescence
(12.5-15 years)
Stage 4 adult, coarse, | Larger scrotum dark
curly
Stage 5 Late adult - thighs | Adult adult
adolescence
(14-16 years)

%] 95  http://www.mcg.edu/pediatrics/ CCNotebook/chapter3/tanner.ntm %
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( @B 1-1) : Tanner Staging2. @7

Girls

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

IIl. Boys

: oy
; ¥ e
i ?- f = !I “q * F" “E\F .

Stage 2 Stage 3 Stage 4 Stage 5

FVR| $3F © http://www.afraidtoask.com/breast/breastdevelopement.html
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(% 4-1) 20 2L 29 Bt %%
= ; =
Q1:1 CI1:2 CI1:3 Q1=4 Q1=5
1 0 0 0 0
P
Si=1 Si=2 Si=3 Si=4 Si=5
Si=1 | 0.7409970910{ 0.2590029090 0 0 0
S1=2 0| 0.5492576790]0.4507423210 0
S1=3 0 0(0.2149702442|0.7850297558 0
Si=4 0 0 0(0.3049495450(0.6950504550
S1=5 0 0 0 0 1
=B
a=0 a=1 a=2 a=3 a=4 a=>
Si=11 0.1553928407| 0.7215234834(0.1230836759 0 0 0
Si=2| 0.0000154969| 0.0064124108[0.9935538444(0.0000182478 0 0
S1=3 0 0[0.0004062753]0.9994995737]0.0000941510 0
S1=4 0 0 0[0.4800948451]0.5198943498(0.0000108051
Si=51 0.0272836493 0 0 0(0.5634703120(0.4092460387
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(4 4-2) @ 23 AR BEHEI R
:; =
qi=1 qi=2 qi=3 qi=4 qi=5
0.99798012(  0.00201988 0 0 0
P
Si=1 Si=2 Si=3 Si=4 Si=5
Si=1 0.63229356| 0.36770644 0 0 0
Si=2 0 0.64416262| 0.35583738 0
Si=3 0 0] 0.34840073| 0.65159927 0
Si=4 0 0 0] 0.48901531| 0.51098469
Si=5 0 0 0 0 |
=B
a=0 a=1 a=2 a=3 a=4 a=5
Si=1 0.12652401| 0.80097964| 0.07249635 0 0 0
Si=2 | 0.04799774| 0.00000007| 0.88919616| 0.06280603 0 0
Si=3 0 0] 0.00000565| 0.96154701| 0.03844734 0
Si=4 | 0.04458629 0 0] 0.00000012| 0.92005473| 0.03535885
Si=5 | 0.25757199 0 0 0] 0.08030563| 0.66212238
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P(X=x)

[lp14-1] 53755y~ Wpe

0.3
0.25
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0.15
0.1
0.05
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10 11

EX)

Var(X)

3.8609605

11.04606

P(X=x)

[[fi4-2] 179 _5Y - FFe

o 1 2 3 4 5 6 7 8 9 10 11
X
EX) Var(X)
2.2185625 2.703457
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[§4-3) B1%_5= W

0.8
5< 0.6
0.4
0.2

P(X=x

()
—_
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o
o~
wn
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~
oo
O
—
o
=

E(X) Var(X)
1.273837 0.348824

EX) Var(X)
1.4387445 0.631241

28




[14-51 & 7557~ ES

o 1 2 3 4 5 6 7 8 9 10 11

E(X) Var(X)
2.719561 4.67645

EX) Var(X)
2.810272 5.087359
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P(X=x)

[4-71 % 55,_3Y= FerFa

EX)

Var(X)

1.534686

0.820574

P(X=x)

[[g4-8] & % _3YPHEFS

EX)

Var(X)

1.957006

1.872866
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[ 2 P 51— R | 27T R | 912 R YIRS
2 5 W ZERS I, 15.4438 8.8743 5.0953 5.755
AR RLELS x5 10.8782 11.2411 6.1387 7.828
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