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|
o

dl2EIS olEet MY Al=22| A+

A A AFE (recurrent event data)x AT tho] 22 T/ A 0131 W 29 o WEEE A5 FEol

A AAZ ABBAE S5 mA Qe g ATH me ) Bk APEA @ Feh A SHS ®
W3] sl AE BANA G2l 4850} gk B wRelAE oHI AN A Al wek W 4 9
sl A b 2 QB E AEWTh B ERAAE AF AU WA A ARE BTG 53] A8 B

HASE 24 71 5 A7 Sl BASaE AU 0] ol § U2 (isk growp)s] A ol
2esn 24 324 A 24 4% A B4/ AV EM 2uelFel Bk

ZTR20]: MYUE, o|vigr ZQUE| 51, 8014 2=, EM 212|5, Gauss-Hermite 2712]

o

1. ME

fn)

Ao Hejst 982 74 FEEA TjEo] o] dAEen 183t EFAQ TR S
B A7) ol B A A 2D I A BD Aol A3 &
S 4514 <0l SPio] WSl 9% B AR A0 A5k A o AezREe T Ay
Savolehe 347 AlTje] ARSI A Belahs Dl AAe RO wE Axe) 2o A A RS
B AL BAE A S5 9 oig] A $8] WAE Srel Hech olela
A7, % ol WL e 27 Atk ol Fol 2007~2008\0] FEEA Z748 AHA =
£4, 34 57 Bl 35, N £IL AR S8l FuEe] 3R] o 917
Rom, Az, A 5 AR gt EARE SIEH Qﬁiﬁ‘r A7A 87t ek 7t
olg gt M| trkrrt dEHolets ARt FH T Aol 3td Ui AAHES 1
L O A7 22 4 HF e B 240 ol U Erhe Zolth oj#d ¥ A
A Ao gt o) FZ s How AET IAA 2 /‘Pﬂxﬂiiﬂ Al 2 Ao B8
V\]?‘}‘:‘r (F3]F, 2001). °]& A3l AvbAd Adel #st Wdst A77F Fasitt. B A7 &
H o)) HAHUREE g g 259 vHEAQ Wt ke B2 el 1 ZH‘HOH ﬂt}%
ot 7] 9fst S AdetarAl sttt 53 M ES NAY F1H, BAA wjA ] o @
womg o3l A EAE £ A Zd DE (frailty) E7HE H-&3itt. 53] H‘_
AP 7PA3E Z2AVS7] A8l AlZE 748 (time-varying) ZE|YE|E 22 & A olt}.
ERolAE 54 el A (recidivism) 20l Hal 5 BAEES B ) AR A B
(event history analysis)ol] 273t AW ALA 2AF £ (recurrent event data analysis)S 283
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Is =o1~ =
o9 z9% o
_ YTOP (1,12) 3.0 3.165
w3z Fr) ol

s = AR NON-YTOP (1,10) 3.0 3.147
vl

. T (1,12) 3.0 3.405

o] 7} (1,6) 2.0 2.519

Zlolt} (Cook} Lawless, 2007). A|9F ALZA (recurrent event)©o]3t o132 tjito] e FRo] AAES
v

e o2 APsE A5 5 oujsith. dE o], WIS 25X 1 (warranty claims), 2572
HEE A o] vk A xS0 AA 2zt heart attack), & #x}2] A (tumor recurrence), 3 AAF
of whEAQl o4 S A A AR ASS, B3, okt 5 A Hopoll Al Lol 4 e Aol
H A= AHS A FHAES HFoE 28 A F (retrospective study) & E3 4ol A8
2 25 AUBY Wael AUE WAL 23 AE B4 EA] RS AEsuA Bt ol 9
) B =RoAE thed 22 AE FHF0E tE Zolth. AR, AHEC] ATkl met ojd W3}
£ BTt &, AWEY FAE 280A 2AFHY, 380X+ S BAE7] S8 489 w3l =
2ao] AHE ol TS FEAE AN Aot o] ufl, /i EAE 183] 3] ZH LE
B H8HTh 4204 HAF EAo] Alzhel| whEt WE 4 itk MRS Al 7HHE ZEdEE
Eao] EFANC. & =goA BAE AR Sol4e Q3 B3 thaSo) 47 /12 EU AW 18
A ALEE BA5AQA H5 AEE 7HTHE Aojth 5 = £ ATel d3d T A7 A
7h =9 "t

2. A2 ATt FMEA

Kims} Jhun (2008)3) Sun 5 (2001)2 5% #|F2i%0] AFEE 15200 ol SRS 445
So Pt wENTF A¥H(traffic conviction)9] AL} ABH ATE AWk LAY ARE 192
Rel 1% Sk A5 S 5 LEUTE e el Arcelw 15 LE W ] B
Hy 2 E 7|28 x3sitt. B X8 Missouri State Traffic Violation database®l] &3l Al35 o
1 19953 797HA] 19270l T3k Z 3 A (retrospective study)oll 273ttt 1 F 97 0] 19873 &
Wk o] A3 w3l =7 739 YTOP(Young Traffic Offenders Program)ol 2718t on, 19294 =
138%0] WAL o ATe) T WAt 04 WAL AST Geiel 0% UF AVT A 2
Sr Abelw, webd ole) Wel S A 1] Ams AN Adow AFAth mebd i w3 o
Aol THh A AV AIZES (bir, by by 6= 1,...,102)0] 0 A THE A7 E8 AE, 72 742
F Atk HA7) B5 AZH(follow-up time)-2 11W o)™ o} YRk 3= 1294, F+ Y9t 3¢+ 3.11
wolth, E 218 7 289 BT 9 3o tldk Akgolt) o 7|4 W3 meaHe §= Fof
Qb elol MEEwA, REATE ) 4717 Bok 4T B4 WS B BAS0] Lol
1EH EATS A4S stal, @ YAkeke] ek Fal b vlE) Aol digtk A 5ol gt
ARE A TR AR A AZEE AT 5 A 8171 A 7H‘3LQ Zleltt.

ol )5bd YTOP @7loiiol me W7 S A4t 24 gax) o

P

3z } O

an EI =

= A% 45 o9 AW (Wilcoxon rank test)e #-83 23 + 15 7J°1]—E 2 5 i} 17} 9l
o s

= hl

=

=

l

Ho] 2t} (p-value = 0.3098). 3HA T 714 YTOP 7ol os
o, ¥ Ak vlw AAL ALY YA Qo g AF A A -] £ 1BoR 14‘17‘0% /‘\‘—!6‘4
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cumulative mean function of convictions for four groups

Cumulafive mean funciton

male&ytopl
male&nytop

female&ytop

- female&nytop

T T T
o 1000 2000 3000 ao00

Time

& I AFRE vugth. SHAT B Ao EE dFAE°] NON-YTOPE Alztetrirt o1 &
7ol YTOPO 7FetAl Hn YTOP o] Alfe]$2+= YTOP IF°] €ty wekA YTOP 3
o] o]B = AJ7F 7FH FH K (time-varying covariate) Q1] W8] ¥z} 22 W= A7) whel ¥}
2 e Al 1A FRiEko|t)h. o) THHE A7 ALIAT vE 4 A5 5 AAE 2w A7
oA we ALA ARE LAYt (Klein, 1992; Nielsen 5, 1992; Diggle 5, 2002). & g9 7}
2 A5 i dE7 A He AAE DA Hol 4 7Nt 24 T 5 fvke A
olty. IEX o] 7ITHESt AF ATl FotkA 7] wiel Az B4 Al kg oof gt o] g} v
g o 24] SHFHE M AEATE Aed 2 A 2 717 59 2E A8 2FA AlLjE ofof e
YTOP #A5olAE 1929 5 289Wo] AARA AES wgtom I 3] M9+ 0 < K; < 9k
Sik = [SLi, SUi|& AR &5 4] kAR &4 AR 717 58t drbdd AE A 0A
=, 194 ASHEY AFFTEA Rl = E uf, P AA T (risk indicator)= Yi(t) = I(m > )9} 2
o] AojHrt. I YTOP AsoA+ 47 ASUAAEC] 4 Ws] ZAZ BEAHAA ASAH
= 7M7) W2l Yi(t) = I(ri > t,t & Uy Sar) 2 2ol BA Bt Ni(t) = X7 I(ti; < )& i
A Sl t AR7HA AL AL AAFE oujgitt. 7|4 AMES GotEr] 8] vl 25 7

2 Ggol okl 42 ol g3kl 24k

A

A N@)e= t AR7HA ot BE A AFAFE V()& t ARAAY AdaF &3 AAF-E
BAGAYA #E5S 183t YTOP Fof o Hel e st v 159

St (cumulative mean function)& 33t Zlojty. YTOP| #odsk Hx}

50 7H =2 74 BdS Hoy, dA7F AT v B2 wF [t e et FEE A
YTOP Fofst ARIFES Z7]0E =2 AHES Ho|tir} Alzte] Al met A3 Fadhs
At thE ZollAe AMEA Y 98 AXNES} T AAE 545 1S FARY

E
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3. U SIS THS 317 2

2 Aol @s) meage) Eakeh 4Ee) EE Sob 1Y) 9 B9 BYL we BTk =9 ALA
Azke] ABAT AL 54 Bgel ERAT. 1,5 ivA Do) juA AR T B 9
£ FARE px 1WA 24(1) = (2 (0),...,05(0) 2 EBF T A\70e] wlet WS A7 AW T
WS TPACL AL A BAL A ol 7 BAPESe] 488 5 k. BAT A= Feho
weh A7 A1 F AR A AFzAZEe] A1 ZH(Methods

gl 243 W (Methods based on counts) %
based on gap times)ol & o2 Y= 4 Ygrt. dF Edo) wet 99 F AE FH = 3
U2 24 3 ool B4 PSS 47 A Atk A7) A= BestelAE Eold 74 (Poisson
Process)& 7HJo2 g & g FAS ZEHAE H ‘?aﬂ(Robust method)o] 289 4
Stk FA Az FUAAE A9 EHE TR B

el e e A7a) 9 A FHe ol 8T

+
& o
oL
i
o &L
re
ry

i(t) = ao(t)exp (zi(t)B + bi)

A71H ok 71A 9ol fi WY HHE FABT w8 A 54
= = o) A AT B BAE E

Q

5!

F3tstr] sl
AT ek ofuzt 7l
sl= 7l Q¥ &3} (subject-specific effect)E T A3 E3] 7l

44 9 A 84, BEE 292 W z
o] A4, A4 294& A AEE AFelA 2 FLA S H FxF L itk
AAE A FEAR (i, 0 =1,...,n)0] AL AR WA} Eolghe= 7HFstolA 24 F4E 9138 ¢
E e vt 2ol REEn
L(ﬂ7a0)

/HH{ao i)exp (7 (ti;) B + bi) }exp( / Yi(s)awo(s)exp (i(s )5+b)ds>f( i)db;,  (3.1)

i=1j=1
AZIA 7 = max(7i,...,T)0lH ZHIE B Y A BEE wECY RS b~
N(0,0%). B =X 7]A 93 5 23S I 27 A5 97 3> (piecewise constant hazard
function) & & -&3%tc} (Kim, 2007; Lawless®} Zhan, 1998). o]& ¢35 AA] &= 4] AHAH =
Aste] AASHA LA Fre 2 WA "k & AEE 0=a9 < a1 < --- < ap = 75 o]-&3k] 7
L= [a—r,a), L=1,...,L°] R 1 37 YollM& 2 F=E 7}’”—3: 7Hg st} 714 A
Pt et gol oAl Aot
ao(t) =ai, tel.

= gro wel ohew gol AHTh RE BE el o) Lueks
< £ AR i E Rt AYT Aot %‘_a 7I7J°1 {Sk = [SL,SUg], k =
1,..., K} o], A% A= 2% 7] 7HS SDIF, = SU,—SLi o]t} o] uf, DUR,(t) = max(0, min(a;—
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o) 7]4 DUR(t) =
DUR,(t) — SDIFy, (SLg,SUg) € I,

SLk(t) —ap, a; < SLx < aj4+1 < SUy,

SUk(t) —a, SLr < a; < SUg < aj4+1
=

L(ﬁa &0)
/H H exp (7 (tis) B+bi) do(tig)] exp{ / exp(a:ij(s)ﬁ—l—bi)do(s)ds} fo(bs)dbs.  (3.2)
i=1j=1 ¢UsS;kN[0,7]

9 SERee zeldeol tha Qe T ol el Feh(closed form) 2 FED 5 ATk T}
A EM &3g]52] E GA9A Guass-Hermite #H o] 273k X" & 9 (Liu 5, 2004) 3 2&)Z
2 FES o] &g Y (Vaida} Xu, 2000)0] A& 4 ity £ =Fo)|AE& Guass-Hermite ¥ el
ZAs] A (3.2)9] ZAEHE $E3E frdth. Q719 38 (quadrature point) uq, ..., ugS
ol g8, L =[], Li2 th:ao] 59 ¥o= w34t

7NN ug = V22,9 wy = \/inqexp(zg)o]m] 2%k nge A8 A AR A A FA HFIA A 4
< 4 At} (Abramowitz3} Stegun, 1972). A Y= B4 AL Y8 23 $ET-E 2o dis)
n]2sto 2% ~F 0] $F4(score function) 2} FE & (information matrix) S =3 & EMS] M ©+
Ao Al Newton-Raphson W& ©]-&3}o] E—’Fg FA3%th B =FoAE= SASY Proc NLIMIXEDE
o] g3t B4E AT folA At 2 HHS YTOP A5 HEeith. #4 e sz
AN A T N

1, t> u3s} Zzz 33 JA7F AA, 1, A,
Xl(t)_{, > w3} b XQ_{O Oq;

0, otherwise.

BN
N
N,
X
4
1o
fol
_%
rlr u}i
“m

E3t7] 918l 4,5,6708] 27k Z4H2F AEklth & 3.12 Al Aol 449 a
Fe& HojErh & 312 %k%% B3l Al BEFo ZASt] =49

ANz 3A g=A Lﬁ% & Ark f=H HAS o]83to] Al
» Xb.10(2) = T.810]2= 9| %E kol ZASte] 5709k 670 =7
& Uk wEkA 5708 27HE 7 BYe] H A nyoew 1
EJE" Fo] o 252 AMS FaAZle dl 793 (p-value <
A 2t} (p-value = 0.461). ZH L] BAZAHZE 6% = 1.297
Fol ME s T 5 e
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4. AIZE I ZYLEIE HES ML AR 24
H oA 3FoA AL I mydElE A olwsr = dE] &3} (bivariate frailty ef-
fect) & Tt B2 HAAIF ARZ oA 7 EAZL A7t webA HEtE BoE 4 k. 1% i



720

i 3.1, o MpY 24 IF U
L 4 5 6
a 0.036(0.007) 0.029(0.007) 0.022(0.005)
as 0.133(0.027) 0.094(0.022) 0.050(0.011)
as 0.285(0.062) 0.237(0.055) 0.141(0.032)
ay 1.263(0.297) 0.538(0.129) 0.328(0.077)
as 1.866(0.486) 1.235(0.321)
ag 3.521(1.052)
B1 —1.194(0.155) —1.352(0.159) —1.361(0.161)
B2 —0.163(0.223) —0.194(0.245) —0.210(0.247)
a? 1.297(0.224) 1.652(0.273) 1.695(0.283)
—2 Log-Likelihood 3869.4 3826.4 3825.1
< Wt s
08 3.1, Fe v = UE| 22t
Troll FAE A ARl A ARAA A FFe] Aol whet of B A Wsle=TtE 2ARH] 918 AlZE 7h
Az dE 29 g} 34A A8 ZALEE by + bt 2 FoiE ) 9F e
ai(t) = ao(t) exp (z;(t)B + bio + birt)
ojth. o714 (bo,b1)€ o1HH At 227F 7HEEW Hgo] Folu Ek-FEA AE B2 et 2

o] et

27 44 918 BHstlA

=

[e]
=

¥ =

2
01 012

il

g12 02

4 (3.2)% T 2ol th 398 4 9

L(B,&o) = / H 1_1 [exp (ﬂU;J (ti;)B + bio + bz‘ltij) &o(tij)]

i=1

Jj=1

exp {— / exp (245(5)B + bio + bi1s) do(s)ds} F(bio, bi1)db;.
SEUS;N[0,7]
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H 4.1, Al O Zedele A
o12 #0 o12 =0
81 —1.285(0.176) —1.352(0.159)
B2 —0.078(0.235) —0.194(0.245)
o2 1.098(0.360) 1.136(0.269)
02 0.048(0.022) 0.050(0.015)
012 0.011(0.074)
—2 Log-Likelihood 3781.7 3781.8
Timeslop_frailty
-0.3 -0.2 -0.1 0.0 0.1 0.2
B é: Cid o%g oo ngg(ﬁ::ooo%o;o;;g& : °o : ©
§ 1. = Te Uiz g s
£ e T e e L

auiL

]
o
N
[
+
0
ra
=
&
om
5]
&
e
m
Fol
=]

F 412 579 2ZsolA P ol = dEE 83 do|rh. & 3.1} 419 2O RG-S
o] g% RIS Sl ol Zdd Aghsitial & 4 9lt} (3826.4 — 37817

44.7 > x8.05(2) = 5.99). =3I F Z LE|ZF] ABABAE Ho : 012 = 08 AR LI} AFRH Y
415 T3l FoHA 92 2HAE HolET (p-value = 0.102). 5, 2719 o] = LEE 71
2 WAL A% SARAY s etk AW o7 F 03 S T AAE FA MR S
F Qo 7o) 65 Bk o] 2 FE Mo R, AF 27lde AR OE A 548 7 v
W3t Are ATt o thEna & 4 gles ulsitt. 27 419 A% I--2 (bio, i) &=
Al g o] 5] BAR A FAT 5 ATk b b ] WHE B3 biool B WA HA
& 5 Aok 27 419 8% I (tbio +bat), 0 <t <1 HoFETh Ed o] AU F
T, & AT Fol 717l 42 AAY AREo] A AL ¢ 5 Utk BE I BS gH(oE
A, id =4, bay = 7.047, 74 = 28.12, Ky = 0)2 A% F715hs AU TE HolErh i) a3
o thslrE Az T Leje) v A2 AU

N M
Fo
ol
L
An)
J

oo
o

ooy Ol B

B AWATE A3 AL AA AR LA PHo] A8 AT B R4 B4E ARelE wEA
9 BE A Nt 2B ATaFozRE o o BA%5A BEo] EAFAT. T
AT 2L 7 A7) il B LEol the A= Aelsh o AR AW E4L Pehn ST
o2 A 27 A% NPT A glon oo TAR A7 AW zAEE YT 4
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2 st FAE FAstaAt s3ith o] =FelA Atd Aot ddste] o= F 7HA A7 A7t

=y

FEEE o] HEF A AbA AFRO9 ggol] A Zlelth. BRoA TRl AR E AF
ol o] 7kA] &]lel &gt Aotk & Fof I nkd} AS Rk 7
T+ SRR o7} "k 3 A5 tiato] o] £ R ARAS A7 ofe] W S A3
oWk Ak A (bivariate recurrent event data)©]2kal Sttt o] S 3 oW
]oqq7} DV\] AgHArt E =
2ol Aoj=old Favt it
B =RoA 249 AsolA 4 Al 71ZF (SLik, SUs) ol €8lA okl 7hgste] 245 it
AR AR A= AU A EAsE JH ko] FoA gty FAIF LR W HA] 7
ko] A2 A1 SLgRhe] A Jom T8 AR SU2 S8 A A gt} B =RoX+ AT T
E/\Vq FAZ A8 4 W AA AR AR 2 o] s A AP SRS 4 WY
A 712k T8 AP O gith. AA @AW FA 7|7 FEAIF ] ARA T o] %
‘5}— AEALA o EHte] o F5 AP 77 % Arh(interval censored data)oZ 7HE
g 4 2tk Kim} Jhun (2008)-2 & xtell9] &d WS FA]7|7ke] & AF 4l 77 5= dddst
ANA ZHAE WS o]§ste] IAATE FASATE wEbA B =RolAE o7 WY 4 WA
A& x3s17] wlEol this 77 % i (multivariate interval censored data)2] 7id o] 285 of
of gttt
Al W d3E A3 B A FTEcH(informative censoring)oll BEE EA|ojth. ok HojA AF s
HHE A7 Zo 7|7ke] 245 7HAA AEe] A Zadgs & 5 Ak o

§2 ok

[e]

ol 4o
o 9

N
o [k

°l
£O) BHo] 2AG] oA AL A ARE 1T A, o B

r
2
i)
RO

ofN

¢
¢

18]
N ox

= A AR ROIA
WA AR BAR AT 50 Aol AT ABR A9 oF Do) WAe WeA Feno)
Al ALz E ofok gt} ofo] A FAl= o#] FAEA] thal AFH YT (Liu 5, 2004; Huang2t
Wang, 2004).
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Abstract
Recurrent event data occurs when a subject experience the event of interest several times and has been
found in biomedical studies, sociology and engineering. Several diverse approaches have been applied to
analyze the recurrent events (Cook and Lawless, 2007). In this study, we analyzed the YTOP(Young Traffic
Offenders Program) dataset which consists of 192 drivers with conviction dates by speeding violation and
traffic rule violation. We consider a subject-specific effect, frailty, to reflect the individual’s driving behavior
and extend to time-varying frailty effect. Another feature of this study is about the redefinition of risk set.
During the study, subject may be under suspension and this period is regarded as non-risk period. Thus

the risk variables are reformatted according to suspension and termination time.

Keywords: Observation gap, recidivism, time-varying frailty, recurrent event data, YTOP.
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