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SRR DD

AX 7V E5tA BEE =

(Attention-Deficit/Hyperactivity Disorder; ADHD)+
ARG 5 ShURA i FEe w8 A
HolE Ao & B 1% 3 Tt (American Psychiatric Association, 2013; Nyarko et al., 2017).

ABSTRACT

Objective: This study aimed to develop a longitudinal predictive model that
identifies first-grade children who are at risk for ADHD and to investigate
the factors that predict the probability of belonging to the at-risk group for
ADHD by using machine learning.

Methods: The data of 1,445 first-grade children from the 1st, 3rd, 6th, 7th,
and 8th waves of the Korean Children’s Panel were analyzed. The output
factors were the at-risk and non-risk group for ADHD divided by the CBCL
DSM-ADHD scale. Prenatal as well as developmental factors during infancy
and early childhood were used as input factors.

Results: The model that best classifies the at-risk and the non-risk group for
ADHD was the LASSO model. The input factors which increased the
probability of being in the at-risk group for ADHD were temperament of
negative emotionality, communication abilities, gross motor skills, social
competences, and academic readiness.

Conclusion/Implications: The outcomes indicate that children who showed
specific risk indicators during infancy and early childhood are likely to be
classified as being at risk for ADHD when entering elementary schools. The
results may enable parents and clinicians to identify children with ADHD
early by observing early signs and thus provide interventions as early as
possible.

| key words ADHD, machine learning, longitudinal predictive model, first graders,
early identification
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53 Jade] ADHD &2 Ao wat 2%~13% 2 tha ko] 7) e, 53] 2534
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= A EY, 258w 28hddA 63t ols s tIF R Al A 5(2012)°] AT
94%°] o}l ADHD 5745 Hole ACR Yetwy, A3 1%, i+, AFddA ot
7} 3 25849 102%7F ADHDE 3 d3te Aoz Huddt
A= 2000 el AlE A EA] st FA R DA (FFA,
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71el ekl @A, ©]4, 2012). ADHD obgE°] Ad %5 540 3t el
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Giallo, & Efron, 2019).

¢ ADHD o5 887 A85 BHA R F7] A= obsol st A& &4
AEst7] o] Al7IQ1 o7l HE dlY Tl S A mE Y-S AAlskE Al
AHTH F a5ttt o] ADHD obsElAl oA T3 A5 (prefrontal lobe)] 7152 &4
29 5o Ast7l FEAoE Yehuet, H o 7had (plasticity)o] FTHA o2 =
Frotrlel M-S AAE A HaA 71 AstE Ao A 5 0] wE o] th(Bischof,
2007). =3k 271N Fa A-8A< PFe TFAN S EN ADHDRE Q& veld & U= &
714 FA&H BAABFFAE AA Fas: Fsethe FollA o|F9 A AFE 45T
4 9 tH(Barkley, Murphy, & Fischer, 2008). ©]*] % ADHDO| thd+ Z7]/HY-e A< FH=
Al Al mHE ook st Fatolgt @ ¢ e 27IMYE S A8 9184 = ADHD ¢
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Hilgd 24 238 £S5 184 ADHD 93T ot Bt o2y 7H

H}E} O 2 ADHD Y& o}5S AL o Zets 23S sfdels AL ADHDO| tiek a4 <
AR FAE sl LFAH R o] Fol X oF st Aol

ADHD $18 ool tigh Abd Aol FQ 3o = BEF3la oS tigh A4 H717F A
A¥ = Fag A F stEA ofFo] Hol= ADHD #3d 7Fedo e 22 ARE
€ Aol FEY wALEA va o & IAlgte A& 5 F Uk F52 WA ADH
wetAY B Hd PE e dfrotrlol &3] Ueues EE A S0 R
o AYPS EA o7 3 A Holz AAZA AL A &S 7lsA o] =3 (Curchack-Lichtin
et al,, 2014), o}52] o] TS 7x| 1 o] = WH A FAcI srete oy T X%
7} 3% ADHD 913 7hsA2 A SsteAld te A4l Xéiﬂ 5 0}71 ot 9ml,
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SEESX| YRR H17H Mb=

slo] &8 %7] ADHD 918 ols< dS5sle T dS2F S /Estes AL w5 F83 7
Aol .

oo} FHA3l] d S HEAH S =ol7] fgk Ho R il A HE H 8 F
HA Y B g3t o= 55 ¥2AH o7 nd3 RS /utsta 71 d&Ho] £
SAEES 23 B3PS Jdst= dol AE2 4 7] W Eoll(Ge, Li, Yuan, Zhang. & Zhang,
2020) &% ADHD 9@ ol H| 9@ otsw EFFo=m AHE ¢+ e 7[Hez &8
7hestth gk o] dF 81ES TAlY BE W FYste] 2 8159 duAHcd FeEE
ASsta A2 T8 dF a9l §Ao] 7hssitte oA thdst dd AR5 st of
3l= ADHD of| SR8 & /Idsts deo Age Welet & 4 Aok By o et A F7-4] 4
H Ui tlolH o] oy WSS TAld FYota, 71ES HeolHdA Hol= 33 s
gFsto] =2 HolHe A5 dSdthe HollA deAd SARA vla AF2te] A
o] Auldoez A3 dely 7|¥ JAMEAA S =&t S 72 9l th(Braun, Hummel,
Beck, Dabrock, 2020). 12| 22 ADHD Y & o}5 S o =3l= dd wilgd B4 &85t
AL AEAR SA A Hl&l o}-se] ADHD 913 7l thall Bt FA Aol A3

B7He wWE A7 Qe JheAgtE HAdA EEA0] 25 AR HRlnh E3 a4
mgo] gEdy F3 <A AE77F ADHDE ol &3t A wete oA A =

ZUHE FUEE 5 EX2AQ0 =72 €849 F Uve HelA T BF o Ee A%
AE ATE F+ U= A°|thNa, 2019).
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= A =3 (supervised learning)2] A 34 7| ZA| 2~ 39, 2F2(LASSO) HH 3} 3
3] | 2~ E (randomforest), 12 t] 91 E - 2~E](gradient boosting), Xgboost(eXtreme Gradient
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nidlele BAS #88 255@ 15hd ADHD Y8 ofE At ojZed iy

AIEA L 7] L A FE Gfob] WY AR SAER 25%m 139 obEel
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= [e]
ADHD 93 3= o =3 milegyd 2 ¥ d=38 e o3

AFEA 2. U7l L EW A} Fholr] B AE 89E F 25w 150 obBe

=
ADHD 913 AR5 o Sste F2 d5¥de Far7h

1. ATCHA

= AT U 20083 o] S sl 20159 9 25t 15 01 obEoE Fopd AT
oA 2008 %EH FH A 2 ?l
Children[PSKC]) 9] 1AM =, 32HA =, 64H:

=

S,

r

rLL o
a i

re
ST

N

1l

=
=, 7AE, A E A2 BEatart daolE)

dolli S4d R8s F UHLJ_ S3E ¥ A Jopr] WA AR 3AEE XS AHE-3)
AL fropr] EARE expd e SHAE ARESRTh O, SeErleet g9 o, Ak A
frofe TAdEd R S o] HoA7] Wi s b A5E FEakrh 57 Al As
s EF #8Y g e F L4458 ARE AT A Agstalen, o] F dobrt 7377
(51%)°1 3L ] o}7}F 7087 (49%)°] ATt

2. E8=T

a'i%fi}ﬂ 1?‘%‘%3 A 71e 29 Fol=mld 8 d %= 82 CBCL DSM-ADHD % &% 2010
do| £F3E 3= CBCL 6-18(ct5- A 4ad JEH7H e X2 &)o DSM IHH & = 34
] Aty duk vl e, 28] ADHD  © 3 ADHD o] 9|9 2 &g vk <) H]

Z=X ADHD # ol
A frelshl MEste A= Sl Bag v deka ok, e, 2016 ol 5,
2015; Lacalle, Ezpeleta, & Doménech, 2012; Nakamura, Ebesutani, Bernstein, & Chorpita, 2009). 3l &
HAme st Aol PBd gal Suste Aown F T BFom TYHl Utk FAH
s ge FEA0AY AHnA 21 BEHT, FES A Reha 47 AnsAt 5
& TFete GPBol ARl gln FAFAL @ 7HA Yol FAHAFHE dl ol e S Bn F
7HHQl &7 222 nlets A3 BAUG. 7 B A8 BEA @Ry, e 2347%
U O™ Helg(dly, AF 2™ ol iAW Bol 23R 3% AE A=z S
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SHEESX|AsE|X| M17H HMbE

(Ver. 4.0.3)2] mice 7] X (Ver. 3.11.0)2 A |
T ngo] =gtk AA, B0 LodH F 144592 A8E 739 v &R
(training data set)®} 7158 A S (test data set)@ F2F9| = w3l ou], E dlo]E 9
ADHD # @+ H]&°] 13%= Lubatel s dA]s] 22 o= Uepytr] o
HAzp7F 2 B8 d o] ¥ (imbalanced data)d = 117 5l Ohﬂ 28 =7 (under sampling)
1= s 7]74]?3§ dugFM e ol HolHE £ 7T W It 1t Bl Eo] Tk g
T Utk Ao AEE A Holy B TAE diste daEAd U
HTFE 72 o HFd S3lidle vHolHE FAY=E T55A] =5
F dlolH e o WF HolHE 1l H &2 TP A 25 gFates ot
e, %]*c‘fﬂh EAT, A9, 2019). YA, &/ A siAdsty] 9g wileld o] A mdts
719 67FA(ZA 2= 3]4], LASSO He”qﬁl' Qﬂl{a, AE Y 2E, g yAE F- 28, Xgboost,
4 o] oA B E3H WA=
9 Jj]r %l(overflttmg):% I2stal o 59 FLEE Eo]7] 94:5}051 +HE& ARE A 5719 Hlof
H HEZ YT ey AEES wEEANSH R3S FH3= w27 5 (5-fold cross-vali-
dation)2 HA|SFATE R Z2 99 caret H7| A& o] &3t HAled due|Fo g5 9 FUtE
TR on, FAA o= LASSOE glmnet(Ver. 2.0-16), #E X ~E = randomForest 3} 7] 4]
(Ver. 4.6-14), 1A E F 282 gbm(Ver. 2.1.5), Xgboosti= xgbtree(Ver. 1.4.1.1), 1 F21 4% &
42 nnet(Ver. 7.3-14) 71X & AFste] £A AT} o] o 6712 #Aleld 74 e "4] =8 g
=, ‘3171}5:— E°1‘: ROC 34 5 o2 28 % J/HAEES &3 A4z 34 } o
Uehd maleld gae]Fd thate] o 5321 5 ADHD 2 ol
= = AF A9 100 ¥ls glstn 1 BAE

AT,

tlo
2,

Z

>
N
=
2

| ot:o
L

-

|
ot g
lo,
i

O
(¢
T o
=

ol
il
2
g

ot

!

o fo olN JIN
e <)
o iR ﬂi

m. 2z 9 34

Al oo By A5 U8 A H(training data se)o| A 153 S2PF S A58 A
T (test data set)oll A &allF o2 Bl UAwts} Thed S J;‘7P°}“1 el g RS TF
Ao g ndle] dErngo] A vt A S AA3 2hzte] dugFo] Y o= AyE
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ojilele BAS 283 =S5 1519 ADHD 9l ots B¢t olE2d i

3 200 AAE ] d=dH WA ADHD ¥Rt A= FeetA £/t A& BoFe 4
T (accuracy)?] 7%, 67] 71¥o] AubA o R oF 63%~69%°] EFE3F o 1 5 LASSO &g
0] 69.63% % FL=7F M =4 et J9E 0(58) Bv H(FHE XN ERE AT,
91 7F & (sensitivity) = A2 1] Alo]AS 1R ul27] =3 TR B g&RA, B Ao H¢
27 ADHD Y&+ o}go] 23 ola) ADHD Y& F o2 AAs/A d=d v&S Ve
NFAAY 28 A3 YA 5714 7| He 2% U} oF 62%~71% ©l o2 3 £+
B} A9s] A YeERsTh B3 FAQ A5 ut2A oS3 b g, &, 44 ADHD W
olFo] B ol ADHD ¥t oz AHstA #72 &S Uedl= 5ol =(specificity) =
%F 62%~69% t”ﬂi TZ_]' 4$°ﬂﬁ D} = e

&5
‘:}Z}CE %7 }O]’”’ H] 0}71 #13lel ROC =74 (Receiver Operating Characteristic-curve) ©}2}] €]
AUC W2 (Area Under ROC Curve-area)= % &&(%)E UElH ROC-AUC HFE &8 4 Qlth
ROC Z41& 1-Eo] L (false positive rate) 2 XZC & 38}, W 7F % (true positive rate) S YO 2 3}
o g2 Yebd 2324 ROC-AUC A2 4% AUC WA o] oA 100%°] +H =
dl&3e] $-Fatta Eot diAl & ROC-AUC 571 70% %3} 90% ©lske] M glelw o So] &
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ADHD 9182¢] £ /M54 S dSshe Aom dehd Ho| 28 wa

Henker, Castro, “12] 31 Granger(1987)2] 1+ Z 3o w2, ADHD ¢ & EL folr]d
HAE WAEE Hedl & el gs Holx] o, 3|8 It ol EET H A58 o= &
=

AE AV-}%} A2l el 27‘*% FHotes P& Hole Aol ok 22y BAE A5

Zoln o sLoﬂ Aol zkm Folal Bl i sla PH e 4= glo]oF &t} (Eisenberg et
1995). & A7 Ao W2 ADHD ¥ & ot frolrle] B2 27|54 583 A4, :"{3
=0 LS

o] =5 *Wdﬁ‘r ADHD } o]
A GAV R WAL AAIE 2R &
St T v&xTdS Hole A57F Brhe APd+ éﬁr (Guevremont & Dumas, 1994; Ros
Graziano, 2018; Turcotte Benedict, Vivier, & Gjelsvik, 2015)2} 22 o] 3}= Zo|t}. o]}
A= ADHD 1@ obsS 7] Adatr] 98 A8l A 592 H7HE wd ol & )
ofyel 271 A T8 A, FHA T8 A st TFAA AME A s Fte B
g F a7t &S A, ADHD 8 ot s fol7lodl A HE ASl A #AA {3 v &g
Poo B 7teAde] AR o5& U= A3 H TAA ALl A} P F5S 245t
Tzl g&e Fofatm Bl FYste 7less AEY oo UFS BT
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@ Ul 3 =5 € JFete HEE drletH, AAEE 9 by 22 FEe o
W& olasta &Foly A A E 88 7dste 5 BE Fad A4 dAsE
ZEEA=A o e S A frolr] o] W gt HEof AAEY o]l 258 18 A7)
of ADHD 9|9l £& 7tsA S e A ELS 81t 2 A+ ZA3= ADHDE ik
olz ol A5 folrl WFEYH F94 Fo Folx A F A E mEA] gom, FFF AlZto]
o Fo7t A ANt A= T SEFHZ o] AWt ofFH ztolE HY W ol g} Q1A A
AR EAS BY JteAol Eue A3AT A (Colomer, Berenguer, Rosello, Baixauli, &

Miranda, 2017; Hoza, Waschbusch, Owens, Pelharm, & Kipp, 2001)E A #]3l= A o]t} Barkley
(1997)°l W= ADHD ©}&°] Hol= @2 ShFel e A2 A9 o &2 JA7|eH &
< Bt & A9 Y O AR #AhEHA e shsAdel U & | A nAFe]
NS W22 GAY Fo7F fA Antsi A a1, A5 th & Abghe] e 7 ZA | of
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= T Edfol Hlste] AT B AWkA A2 FFEo] v Ao w Hud F vk =, 7 64
frobe] SrFEEy A g 9 Ak ]2 FEo] o] Hlste] WAL ofe go] e AL
2 BHuEE A5, ol 22 5A40] ofFe FJaArs wE o] 2FS v FAlel ADHD
Adto] & 7tsdo] =55 v ¢ Joern=m Fruy wA} 8l fote sgE sy Q1A

o] AW AHS 7Y 287t 58S HAFE
g, B A7l e /o] TS 25 Bl A e deAiele w82 9nlste o
AtaE B do] T2 Fotrl e frobr]l oA e AR 258w 18d A7]19 ADHD 4
Awe £ 7t S dSste T8 ARE UEHTE HdA 5T Fa7) vk WA vk
240l oY 7} HA S AT FEo]l Y-S 7S ©]F ADHD @ v o R E/7E el =
< 3oz BuFEHded, ole dotrldd UEe dodd A A oA E A A7} ADHD 93¥
gk ZA 7} (Gurevitz, Geva, Varon, & Leitner, 2014;

T2 d38 F U Fa addojge APAT
Humphries, Koltun, Malone, & Roberts, 1994)¢} & %] 3tt}. 9o 58 ADHDS ¥ 43 #d
Je FolEF g5 58, A A Foag W] 7]gko] ¥ B & (Cohen et al., 2000) % °}7]9]
Aot XA of57]¢] ADHD @ 7teAd & =ole 8= #83 4 vk Aol g
H, dojef e} ADHDE 52 o2 59| A%< (frontal lobe)@} 7] #] &l (basal ganglia), 2173 A&
249 7% o), a28a 2 7] Y (working memory)2] A 3HE HtteE ATFATRE v Fo &
, /1\_]73/\3?461%4 oz 01101 =23 ADHD z_}\lo] /\1E ulzqg]_ HHL By 0101 ADHD _cﬂa;
ofFo] T ZV|AFH He 79 o] 58S BS Ve E FEME F ATh(Sady,
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