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Abstract

This paper derives a benchmark dose(BMD) and its 95% lower confidence limit(BMDL) using a semi-
parametric regression model for small lead based changes in attention-deficit hyperactivity disorder(ADHD)
scores in the first wave of the Children’s Health and Environment Research(CHEER) survey data, which
have been regularly collected in South Korea since 2005. Ha et al. (2009) showed that the appearance of
ADHD symptoms had a borderline trend of increasing with the blood lead concentration. Butdz-Jgrgensen
(EFSA, 2010a) derived the BMDL of lead corresponding to a benchmark region of 1 full intelligent quotient
(IQ) score using the raw data in Lanphear et al. (2005, EHP). European Food Safety Authority (EFSA,
2010b) determined the BMDL of 1.2pg/dl as a reference point for the characterization of lead when assessing
the risk of the intellectual deficit measured by IQ scores. Kim et al. (2011) indicated that an even lower
BMDL could be obtained based on the ADHD score; however, the BMDLs depended heavily upon the
model assumptions. We show in this paper that a semi-parametric approach resolves the model dependence
of BMDLs.

Keywords: Attention deficit hyperactivity disorder, benchmark dose lower limit, reference point, semi-

parametric regression.

1. ME

g A geelA ek 54 BAR 22 AFl} 284, 37, EF 52 F3) AA) =39
1 F A%l A 728 9o =2AAH, =2Y 9L A 2 A7 mBe £ AL
Holt Aoz el ek Wol dAlel E4FE Axt WA 94, 557, 4% 52 53 549
F, 9 F AT APl 2l A 5 AAY ofe] £ Fol AFHozE wo) FAAh o
A o] QAo HAE B F2 8% W SEE /122 sehE ], Wi Aok ¥ sEE A ¢

o 2= AR E VEpdc} (BFSA, 2010b).

gol AAe nlxE o7 shEI ] heiA & thFst A7 o] FoA gton, 53] ofeg tdoz gt
AFoME Feol obse XA 8 A3}, AA7s At PN, FuYHAE} 5& ol A2
2 B39 v} 9ltt (Lanphear 5, 2005). oFsol tis) £J& 83+ EF 9 & 52 20054 ©
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Aol Ao AE 10ug/dlE AASHLH (US CDC, 2005), ©1& 1379 7+ 45 75 (Provisional
Tolerable Weekly Intake; PTWI) 22 34513 25ug/ke b.w/dayoll sld3sict (JFCFA, 2000). —1#
o) ool ¢bA ZFA R AZF (WHO, 1995)9} u)= A EA AE (US CDC, 1991)¢] B o] w2,
2o iE Hade= gX 7t %i& ZAolm 10ug/dl Bot A2 5 F 555 JA Haxs vjd o

9] 542 7HA Aolgta &390 o] E A RSk A A Q) A8 = Canfield 5 (2003)0A4 2=
LA p A

oloJA A Z1EXGRE 10ug/dl7t A Fo] ofyn, o] AA] wX& faF= X7t &
Azt SA7} %MJZ o] olg] A5 FallA ezt 53] obsd AF 5HE A= A
o] B3 2o F Lanphear 5 (2005) % w 57} 10ug/dl Bt} AL Adx o}5o] 24 2
e o8 UFS w3tk oE2 A AA T AdeA obss iR sdo AH £ =
T E(cohort) ARE FRSte] WEREAS Fslen], 2 A3 7.5ug/dl o5t FF @ FEE of
T A4 252 A

g 4 9SS HArk oA Butdz-Jorgensen (EFSA, 2010a)2 Lanphear 5
(2005)8] ATFoAA ARG 77 AAA AAR O 7|25 b 1Q AT-E 17 A7+ BF 9 55
2] 95% AFFAE 1.2ug/dlZ =Z3A T
Bl A% A 04 w2 AR 900 A S 3l 2] WE) B9 29
o, ol Ul obEol AFVLHNE A4S 4 Atk Fpdo] F5E W Ak (Ha 5, 2000). 2
ZﬂE Fo]8 29 A5l (attention deficit hyperactivity disorder; ADHD)Z X3 & w2 5A]H
] 144 Atole] opEe) 4 2003\ 16,6074 2011 51,6578 02 =759 0m, A% opEo] 4
7} 74 B Yol T1Fe] 594014 10-14412 wi itk Rusy ok (FUAZEIZAATY,
2011). FAF A= 2005 dFE sh= o5 A7 FAo] ot JIFE v =715 FHetstr] At
7§'7] 7+ I E ZALZ CHEER(Children’s Health and Environment Research) A178 AJZ8l$3t).
FolAE 3t obE el Fo)¥ 49 AR E ol (ADHD) 2ol A4S shetstazh Bk o2
j 3 AT Ha 5 (2009)2 CHEER A82 o83k} ol5e] ¥% ¢ 557} ADHD AL &
gJHoz ASAE ¢ A2 Bt 3 Kim 5 (2011)E Butdz-Jgrgensen (EFSA, 2010a)3 &
W4l ol§3io] CHEER ARE £4% 43}, of5el ADHD AXE o1} Aol e o
Z " 59 95% A=A 1.2ug/dl Bt HojRE Bt B AFNAE FY3s CHEER A&
& olg3io] olEe] ADHD AEE oHb A5opl Bet B85 v 50 95% A aAE ARes
o, Kim 5 (2011)2] A7} 23 Ao HL A s]ARYo| ofd FE 4 3]7] 28 (semi parametric
regression model)S H-{3}FAth= Folt}h. Kim 5 (2011)2] AFoA= AR ol RIS H AL
23E Y B S400E ] FREX7F S-St F o] ALY, B AFoAE SRS AR
BE luomA 292} 29 G231 AE A9 L T Aol
o F4L e 2} 280l A 2 70l S48 CHEER A2 3 W42 415 00
o e HPATo thaf 2w H, L e AT 1390 99 2
A, S WA §8 SR AT S W . 4o 29
5L, 6ol A= WSS S 2es 2tk

of

%> r°"

2.1. CHEER A2

CHEER 18 $74%olA 200595 E 83 olge] 477 340 &8 A7 sl 43
2, olEel ADHDO] tfeh 4748 309 A2 Az Aot B3
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Table 2.1. Variables in CHEER data set

W W EF9) w4l
e d 5= Pb.W_B A4 pg/dl
ADHD A& ADHD A4 0~30
A4 sex HEY 0 =93} 1= 9z
oz o] WSS dad_edu_yr A4 sl
AA = TR smk_dur_preg HEY 0=+, 1=U=
Z AF ﬁé Z %3 A

250 (500m] ),
750 (5000]4F 10001 2H),

Hoo 4= income A% 1500 (1000°]4F 2000w 7},
2500 (2000°]4F 3000©] gt),
4000 (300014 5000w ),
7000  (5000°]4})
A F SFAR alc_dur_preg HEy 0=%= 1= 21%
Ho] Al AAHA A SLo] 2 fdr_neurop HEg 0= 9=, <

242 5§83 TASE TR Yok ol AT 6719 TAA 1,873 Be) of5e] HIAE
daow zAE e, oEe o, 7], B BE(EEAA)E 27t 7(0.8)A, 121.2(9.9)cm,
27. 5( 4)kgo]rq oz dZ ¢ HE9 %%}g}(fw% W EL2) )0 1.93(0.660~3. 590)ug/d10]D} H

2
Aol o1 1071e] £ 0 Aol Har] 2
% ADHD Aft BE 458 st 225w 4571 $25% ADHD 4] 449 2oz 2
4 gtk 2 ¢170)4 ADHD A£E 4937 915 Rgo] B88 Wto] B8 7

2100 Ae)s o} et

2.2. HIX|012 22

BMD(benchmark dose)@ 54 EZo &% %] 2 F@X]of vl Abdl AR BEe] w3k
Z7S o7l B4 BRY dog AHoHM, o714 wkEghe] Z7HE-2 BMR(benchmark region),
BMD<9] 95% A12]3}AE BMDL(benchmark dose limit) o]z} F2t}. A 4713t Butdz-Jergensen
(EFSA, 20102)9] A5 & EolBH, o5 IQ H4 140 2= Aol BMRo|1, IQ A
13 32e o78ke d% o 559 BMD7} 1.8ug/dl2 =25 ok =, o]of that 95% A1) 81|
9l BMDLe] 1.2ug/dl2 HI=tt. &, BMDL2 A oA 71&& AAste 4 E-9 7|&3%
olg} B 4 9J+=tl|, BMDL o] &= YW SA 71%gkel NOAEL(No Observed Adverse Effect
Level)2 thAl8H7] 93t wh=o1x1 7idolth

NOAEL2 thzw3 ot xfol& el A] e Al A% &3S rjsty, 72402 =23 3
<9 A GA7F AT Aor B vhEolR Ade|lBg 5 i &9 Zo] ¥ 4
37 & 54 249 93 tdetrlol A3t drt Euk ohujzl NOAEL 34+ AFAA
ojEH o, 7M7) Wt HE 7] WEol o] oHdEF FANA 54 EAS A &
glslels AR JANA So] Atfs B4S o k. oo fidt giete @ Crump (1984)= o] g
Zk52] BMD 4+ HES Aloeldon, A48 279 UidlA= Gaylore} Slikker (1990), Crump
(1995)°l] o3 k=] e, o4 PHEL BF 58 A4F A5E Y= 3 Zoqdtt
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ohd, AbS iAo R Sk B A7 A% d Edol A %ﬂ;‘] %2 dxvs 37 1,
g W7 & R 099 AE 3 Wl 93te] A¥S | nfdo|t). Butdz-Jergensen &
(2001)2 7|9 A3 2= gk BMD HIHS &43te] & A4 l4 BMD ¥ BMDLE 4H&
e S Aldsk e, 2 Al (Faroe Islands) ] 0}%01] ek #F AR E o]&sto] A4 A
Zolle] H =<l BNT(Boston Naming Test) F<of st 22 BMDLE =&3}3t). ©]% 9] Butdz-

Jorgensen (EFSA, 2010a)2 Butdz-Jgrgensen 5 (2001) ]/ﬂ VoS WH-S E8-31e] o5 9] IQ A

2 118 AsA7E 8F o v59 BMDLE £&38130H, 2 g% ADHDd ti3 8% ¢ 5=

°] BMDE 4F&sh=t o] ¢} fAksh iAoz kgt

Butdz-Jergensen (EFSA, 2010a)9] A7olA &8¥ BMDS BMDLY A& HHEL o3t 2

th WA #Z AP =F WS ol W o vk Wt GFE WA FHBE ok 4

(2 1) Zo] EdH BYE asfof sl ofg] RFPA Y& ¥-E H5E Ve de =5 ¥,
sepe 9o WEE 247 ol

Y(d,ci,...,ck) = Bf(d) + Po+ Prer + - - + Brer + €, (2.1)

& e~ N(0,07), f£ @2TFI £(0) = 0.

%, 9 EgolA 5 %75 g =234, ff(d)°] BMRo| =1, o]g]st BMRol| th-35+& do] zkol
BMD~7} ®ith. BMD®] 95% 4183147} BMDLo| B2, 1 4k A2 ofg) 4] (2.2)%} 2t}

Buf(d) =BMR, %, B, =p+1.6455(8). (2.2)
#, BMDLE *J%ff}ﬂ HB‘M H 4] g o]

(2.2)E o]&3+= YAl B4E BAE (bootstrap)

ks L FAA N AGsHA LAY 2 T Tisto] WHeHTE

93 3, A AR BMDE Az 42E 4 g, o BAL

%3jo] BMDe] REE 98 7 39 5%l 1o 2ko% BMDLE 73R BAolch. & Q7oA

B Fr4A SARYolE RAEY AL o gk Aol o AUFRE, B ATAL o4
Al

B A7E BAos 94 HF AWAS Aed ARe] FR/ 3RFY A9t B4 Az, B
3 o SEE TPV LE A5Y APASL ESE A4 SE gk F54e 9% Fu B
e AL AT R, o WS HESE AN AFSHE o] AW O UE F AF B
2 43Itk @A Wl vhel o] ADHD A%E Awshd] ovgle T7h 43wt PhoWB,

sex, dad_edu_yr, smk_dur_preg, income, alc_dur_preg, fdr_neurop©]™, ]E HaeE ADHDE A 93t
7 9% 28e okl B 13} Lol TABALk ofdl RBeIA A% A8 PbW.B, dadeduyr,
i 94 Mugd A2 e, YolAs Aeee TAsEE w0 okl A4 T wn

income-<

=3 = =03 _t,!_?ﬂ_,] 2R QxS HAHSE AZ2)9] (penalized spline) 2 F31 AHolH Aoz 7}
sl v W d A o, up S ol AR GEF AFE F AR 74 Ae A
ZFA =¥ (least square estimators)& =&3] of st}

=] 63 1

ADHD = By + f(Pb_-W_B) + s - sex + g(dad_edu_yr) + B, - smk_dur_preg + h(income)
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Table 3.1. Check of the nonlinear relationship of continuous explanatory variables against the response

Pb-W_B dad_edu_yr income AIC
Rk Ay Ay 9553.40
k] ]/ﬂﬁi 13 9553.54
A8 Ay IRk 9546.06
IR A8 RSk 9545.89
Aa H] A 3 v A3 0546.06
IRk IR GIRI 9545.89

+ Ba - alc_dur_preg + Sy - fdr_neurop + ¢,

KP
=Bo+Bp- PbW B+ ul(Pb-WB — kL), + f - sex + B - dad_edu_yr
k=1
Kq Ky
+ Z uz (dad,edu,yr - mi) + Bm - smk_dur_preg + (1 - income + Z U, (mcome - ni)
+
k=1 k=1
+ B4 - alc_dur_preg + By - fdr_neurop + e, (3.1)
&, e ~ N(0,02)013, BN B4 A0 Agt 42 By, B, Ba, By, HIRSFE W9 A
uk,...,ukOW Cp,Cd7Cz7} Ao 2ol A4 (FE Baeh A )T & w307 (uh)? <
o)

Cpy 2 ks 1(uk) < Ca, 232 1(uk) < CrE w53t 383 f,g,he ZHESA W H P8
£ e, n{’,...,l@%p, /i‘f,...,/-ch, fc{,...,;-;ﬁﬁ% Z} g A 1 5 (knots) S oJu]slar, Ak

B9 upt u> 09 A9 v, 1A S A9 09 42 B Arh

9 f,g9,hY BE ZEE AAdMF 3=, o]+ & B4 (smoothing param-
fr9,h 22 A= df,, df 4, df ol RERE A 2 AFoA = o]& REML %

eter) 2} o3 FAlod QA
e o] &3] 43Tt (Ruppert 5, 2003). f,g,he AF% df,, df 4, df ;2] REML 34+ 9] &
¥ 1S &3228 (Mixed Effect Model)Z A7 5, 2 EFAL] E4 AY a3k} @ x5}

o] #akel thet HHAYPEANEX (BLUP)E ©183te] 73 4= glon, B A7 ojzjst BLUPY
42 R me B4 ol o5tk CHEER Aol o) o)) £l vl e} 29 233 2
3}, Pb.W.B9| & fi 2452 df, — 1473, dadeduyr® 34 g= AGEE dfy = 1.000, in-
come®] T he AREES dft = 2.614Z T+ o] AFT Z21er =2F Ut

B9, 29 e BE d%d ¥95F wesd daz Agegled, celd 4ol Ahal
gt A&7l 283ltt. & Pb_W_B, dad_edu_yr, income”} ¥+ W49 Pb_W_Be} v|Age] #A
£ 7HA=7kel B Zolth 94 @Al EAHo g ol Figure 419 AHEE A9 EYH ADHDES
dad_edu_yrol] thet vjAHT,E BH7] otk AS & & Utk T3 Table 3.1014 ERlE R0
dad_edu_yr+ 413, Pb_.W_B, incomet B|AE FAR 7Hg3k= Zo] AIC 7|EA A¥=7) 71
Fol ol A% wRew A

ole] Y& £3shd ¥kE W9l ADHDE 7719 A9 (Pb_W_B, sex, dad_edu_yr, smk_dur_
preg, income, alc_dur_preg, fdr_neurop)Z AW3l= _‘?_ffé < FA3%lE, Pb.W_BE A= 7F 1.473<2
H| 244 O]Z]—E_ income2 ZFFE7F 2.61492 BH|RESLA QxR T3 YR 57§19 W49l sex, dad.
edu_yr, smk_dur_preg, alc.dur_preg, fdr_neurop+= 2% QA2 F= ZEF 3 EFHo] AATE A

o2 JHEL HE 2 2y 2= ey o] TAAHTH
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i)

2

2

0

ADHD = By + f(Pb_W_B) + s - sex + 34 - dad_edu_yr + ., - smk_dur_preg
+ h(income) + B, - alc_dur_preg + B¢ - fdr_neurop + ¢,

Kp
=Bo+ Bp-Pb.-W.B + Z up (Pb,W,B - /{i) . + Bs - sex + Bq4 - dad_edu_yr
k=1

Kr
+ Bm - smk_dur_preg + 1 - income + Z ul (income — mi) + B4 - alc_dur_preg
+
k=1
+ B¢ - fdr_neurop + ¢, (3.2)

o e~ N(0,02) 0] 3, 716} £7]0] Bha Aol A (3.1)7 S,

pS|

4. 24 A

ogh

il

s,

Re| gam §48 ol§3to] CHEER A=l thstol 9 29 22 At 27 5 I9E 4vin)
AT ofd) Figuro L1 H58 UF ¥ 52, ol R44E, 25 £2, Rusl AzRAA
ok $ U5 ADHD 21e] SIS i3 giek. Aol 22
Bsiel US| Y8 WY sk A, 2D AP @e 4 é«l NEA5E A
o vuin Aguasl BEas 298 waoﬂ Bstel AGE Aotk F48 A% SvEY ¢
Al Pb-W_BS} ADHD bl §391£% 371} Holx 982 k. ol BF Wl 5
£7} 37k8h% ADHD7} AsjAtks 4] t@ 247 2 4 gled), 39, dad_eduyrih incomee]
3% ADHDS} €9 BAE Holx giv], ol oA mg $20] F7hn £55F0] 484
2 ADHD 242 @ Holt Ao 343
4 42714 F745He B9He ADHD A%
Sgo] RAS L AL WolX gtk wat fdr
A% AT A oF5e ADHD A57} %

o_u —II
m
)
L
2N
tio
.
lo
I-FU
B

S _1)1.

=
urop»} ADHD‘: oko] AF-E 71X

o
& <5 ek

o
-
&

st

5. BMDLO| ¢tE HYE ! &h&E 21

5.1. &2 2|7|g0lA BMDE = S+

E AFoA BMDE AHAel A= 9 €48 +=2(BMR) & ADHDE 742 5 & %
wo| 5= (Pb.WB) & ofmgth. @A Al (2.2)014 ATE BMD 2424 48 3AARPL o83}
L AL w288 & o, B ATIN Y 2 FES HATSE o83 4o BUDE £33
L AL E H E58 EAolth. £ AT7oAE sz BMRo] Pb.W_B7} 09 We] ADHD %43 2
FE U3 7, o] ¢S WEFEE 5= Pb.W.BE THO2H BMDE A&aqry. FAHCR, AR
o 1A 9= BMRS| dlsho] obdl 4 (5.1)2 BESH= Pb.W_BS] gtol BMD} e,

f(0) + BMR ~ f(Pb_-W_B). (5.1)

A9 £24 A2 PhWBE 0, 7 9 A A9 A 0o ATRE
&9 mgkon, 7 A% f(0) = 6.3249% 2AHUTE =, B2l BMRe| thsho]
Q5 E 3= Pb_.W_B9 Z< 2o} o]2 BMDE & $ Qth

8
B
_l’_
w
=
=]
il
;
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Figure 4.1. Scatter plots of ADHD versus major explanatory variable

5.2, &8k AEE

o)

FA =99 Yg % (Pb.W.B, f(Pb-W.B))7} &= F7lske Feflx] Kok 42s] sjetslr] §1s
F(Pb_W_B))el O 14 S Rash T 05 AHTAE £ a8 Hkeh 14 S 8ol o Az T e
BAI7L 0RLE 2 B9olle f(Ph.W. B)el Bz 2718 ek BAHCE otk A

th 7129 RYL A2 o848 A% fol HF 14 EFFE 00] Hol EFF AHEE £F

2~

S

glovz Pb.W_Bo thdl 2} 7R £33 &R 37 B oz thA Asts] & L7 Ut} 9]
| ko

=2

¥ o @

et >

-

w Pb.W.B ogle] tnA] W4e] 49 Pb.W.Be| the fo 284 Adsels 98 mAA o
B & By 5 BsATh of A% fo £@re £ao] et 95% AT WA

P 1014 HESE dxe] AFEE A P FAH 9 RFS EF B} 2 (Mixed Effect

Model) 2 A48 5 540 Bk BLUP 421 o §3k% 47 528 5 9t (Ruppert 5, 2003,

6.473).

~n,
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1st derivative of f
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-0.8
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T : — T T
4 ]
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Pb_W_B

Figure 5.1. The first derivative and its variability band of ADHD against the blood lead concentration

ol4e] AL &3 Pb.W_Bo| et fo] 34 AHEE £538 A3 ol Figure 5.13} 2t} &=
g FAAE BT G e AL JeB=® Ph.W B dis) f% gz F7Hs A O 4 glond,
=3 FAA A0S AEd Pb.W Bo] Liug/dlE 7122 § FolAAY ALsE WHE
Zo| Axt AANE= AL & 5 Jrk 2#E Pb.W_B7} 0.59-2.24ug/dl )9 gl tisiAE= f71 gz
7V FHlE 7M1+ Ao BARLE fositiar TE 4 gtk 9hA] B8l nke} ZFe] Lanphear 5
(2005)2 8% & F=7F 7.5ug/dl B} 22 A% ofo XA WdE AT ¢ S whEled,

oj4e] Aol oatH ojRTh A A 423921 0.59-2.24pg/dl M) gholl tiEiA olEe] ol
02 ZFt BAH R fojstths HollAl ou 7} git.

5.3. BMD2} BMDLQ| A=

ol#] Figure 5.2& BMRo] 0.52 Fo] A< u f(0)+BMR ~ f(Pb.W_B)E %=3l= Pb.W BE =&
3 Aolth. fol HAY Fgolng B S|z A=A ¢ong, f(0) + BMRS f(Pb_W_B)] o]
o] ddjigke] 71 Zh wfe] Pb_.W_ BE = ¢ilglE< o8t lwdl =& 43 BMD+ 0.84ug/dIg]
=8

BMDL-2 ¢FA] 528 BMD®] 95% A1=|3tA o sFal= gholch. £ Aolr+ Pb.W_B2} ADHD<]
FAE RS2 7351 7] wo] BMDE] 95% AF3HAE 317] AsiA= Al o]dS B3l tle]
HE 43 7 BMDE =335k A4S WHEste] BMDO #i5 Foto] 78 4 ok 2 AL
FAARC g v} 2t

WA 2y 28 EFENR Y (Mixed Effect Model) 2 W3katd ¢ 2137 s &7 W57t 71thgko]
091 AFEEZE wp=7 Elhtﬂ s W ko] BLUP 448 o]838to] ealaa} g v} v
£ BE A8 #FEA $uF st o)) O AFs 329 A4 FAHXE wkdste] ADHD ¥
TE Mz et °l‘¢‘7ﬂ Mz 49" ADHD We} 7129 BE AW g 2 20 2830
Al 23S Al 9 A2 BMDE =3 4 ok o] #4S 10,000 W3kl BMD9| 32
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Figure 5.2. The BMD of the blood lead concentration which raises 0.5 (BMR) of ADHD

Dist'n of BMD Histogram of adhd
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BMD ADHD

Figure 5.3. The distribution of BMD of the blood lead concentration which raises 0.5 of the ADHD, the 95%
lower confidence limit(BMDL), and the histogram of ADHD
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Figure 5.4. The distribution of BMD of the blood lead concentration which raises 0.1 of the square root of ADHD,
the 95% lower confidence limit (BMDL), and the histogram of the square root of ADHD

Table 5.1. Comparison of BMDLs based on the original and the transformed models
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Table 5.2. BMDLs based on the linear regression models of Kim et al. (2001)
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Figure 5.5. Residual plot of the original model and its normal probability plot

Figure 5.59 Figure 569 AASAth F B89 wF mge] S84, 594 /g0l 2A 247
22 FAY 5 gom, el BEE AFRERRY 37 olD5A) PSS FAY 5 Atk

6. EO

EFSA (2010a)°l14 @] A8 7 A Al 7HA] the S tiste] ZH7 thg BMDLS A A6k31
th IQE FHdoz g u 1%9 =2 BMRZ £ 73 BMDL2 1.2ug/dl, o|&7] B 1% A5
BMRZ 53 33 BMDLL 3.6pug/dl, 28] 2 A9 W8S 10% 5707+ S BMRZ &
o 28 BMDL2 1.5ug/d1Z AAISHAEE & AFeAE ADHDE 322 AMS-319l1 ADHD %&
Az 1/10& BMRE 3] BMDLE MEA AAST gth o]E 98 £ d2oA A3t CHEER

AgE @7 o159 A%, 53 ADHD A%z %89 & 9t 444 3530l 430 85 5=
7 olm e JFe w1 & bl e #8% R 93 glrk. o]2ls CHEER A8E o] §3to]



400 Ah Hyoun Kim, Mina Ha, Byung Soo Kim

Residual Plot Normal Q-Q Plot

i,
ol B 5% .
® o ;yo%&%ﬁ%@&?o edeo .
2 gty M""’ T, © N
o 2 0 o

Residual
0
8 0
2§
i
f
i
8
)
°g
Sample Quantiles

20
o P = o g
o
@os %%m%
O oo .
© @ oo o | 50
o o
T T T T T T T T T T T T T T T
20 22 24 26 28 30 32 34 -3 2 -1 0 1 2 3
Fitted ADHD Theoretical Quantiles

Figure 5.6. Residual plot of the transformed model and its normal probability plot
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