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Abstract

Internet addiction in adolescents is an important social issue. In this study, sparse partial least-squares
regression (SPLS) was applied to internet addiction data in Korean adolescent samples. The internet addic-
tion score and various clinical and psychopathological features were collected and analyzed from self-reported
questionnaires. We considered three PLS methods and compared the performance in terms of prediction
and sparsity. We found that the SPLS method with the hierarchical likelihood penalty was the best; in
addition, two aggression features, AQ and BSAS, are important to discriminate and explain latent features
of the SPLS model.
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1. M2

1]yl = (internet addiction)2 F2Z AUl ARRe] 2 Z Aoz AFJH M (Young, 1996), = &
o] 1 élz?*é"ﬂ it Q1Ae] AA AARSRE H4] v AZ(disorder)d] stz QAAFH L St (La-
coni 5, 2014). QIEIY AR 7= AAARA SR 2599 Fekol] Data glom (Mok 5, 2014), 28
vl =5 AnEES B2 oy viAle] 2 IS o E AUl F2o] vl Lol R o] T
2, A8 AR, volrt 55 ZAZIA] S8 AR A ol HA ). 53] FaWEY A=
3 Qe MRS AR A4 ABS Waata, Aolo] HoME A% AFS nE 4 grks oA
z7] Ak} g ¢ S23ths 217t 9t} (Cho 5 20 8) olo AU FES HYsl1, T=

£E gddsls dEY 35 gk A9 sfite] 9AFR oz Fa3A A1Fo Yt AdHY 58
WA 2ek 35 B B e Young (1996, 1998)2] HEE AlZto g v A= Kang
Oh (2001)9] 3=3 ABY F= H% (K-scale)7} /1 HE= 5, A AARLE 237]2] adojg 457 o]
Aol o1E Yl Atk A5 7} 7ikE] o] 2t} (Laconi 5, 2014).
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B FHS A F29 S A4S FEA, QY F5 ADIN F5 YU A4ToR B
FE A &, Bl 35 53 22 oy A4 Azke] A AAE AT E AV (Lim §, 2015),
WA AR AL Folol ALY FE2e £ BFE B9 B4 A2 Axe] Aolsh gex) BAel
£ A77F F2 J3= o] gtk (Mok 5, 2014). Park 5 (2013)2 =2 24 (path analysis)& 53 <
HUl S5 35 &4/ AAZ viXE 4TS HEA S5, 2 TY WARAE A ot
SHAE, o] R = JEUl S5 A8 R wiETAES dobi 7] S o2 AAEAAEZE F Fol
ZtzF shte] Sevk w7 EE Je RS R vhs Bl ok vt AEEIES AR
5 E5 71 FAAFQ AFAAS FAEY] HEiAE 2 A4 28 (structural equation model)
o) AR o}y GBI FET BAF TEPAA ATRGLS 2] oS}, Ho| A% i Anpe
E F50 A S99 AWAEE FRYRA BYS B3 AFH vk vk (Dhaha, 2013; Kim 5,
2017)

£ AFeAE fElvet HadEe] A7 AR 2FS (Cho 5, 2014)F 7|REe 2 Ul 55 F=9} £
£, B¢ 5584, 2= 59 43 Ax 59 A ddNE FUAMET AHYU F5 HA=ol tE oS
288 +937] A8 FE Ha AlF(partial least-squares; PLS) 37 23& o]&3te] BA3ATt
PLS 317 R3e 4% Wae M%7t B A2 ATl 22 0 o594 Ao AL 49
A 5o A0 Rokt, BB A WEEE ol gdle] 54 W4 B3
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= 9= 39 28 7led shuoltt (ter Braak)} de Jong, 1998

PLS R3S AWusel A7k AR AR BL(n < p) A%, R AFsrie o)
WAE BET) RE MSES A8TOE $T NAES AUSAL 2PoR HE B

o 317 A% HAskot) ole el 4 4 Atk Chuns} Keles (2010), Lee 5 (2011)& PLS %
" (penalization method)S ©]-§3lo] X8 oFa} WM Aelo] Ao 71531 34 HE

4 g (sparse PLS; SPLS) ®P€ AIQket v 9lek. oS =Eol AL SPLS Wio] $28 AUSE
2 EgHo JUHEAE s1xe] PLS YT} 2ol Holt 452 Hol%w stk SPLSeIA
of 824 (sparsity) & ZFMElS] HofslA Feu, W B4e) FR w1 Ane} 45 ek

~—

Mgk gtk B E=RoAE AHY 5 HEES W2 oy A% EFo] 4Bl B2 oY £F
oz 745]0] glo], PLSS} SPLS 232 o|-83}o] 24 3w, 59 nlwg ssick
B =R 23l WY G5 E ol83te] AN Rolshs WY B4 RE He AFYS 1 33
Q A
A

e 278k, 3FdAE fElvete] Fad A9 S5 Al AXE e A5t vul

AL, 473l A A2 A28t
2. 9l4 BE2 24 HE =217 2

PLS 81712 92 Aaeobist oF 4 37 24 27
o

Fe e R FAT, AR HE 52 ool A
g AHgE 7 9= 2ot} (Hulland, 1999). PLS 23 A
3

]
WA AHds Y X € R 4

flo ro

£ 23 (latent component decomposition)

£ %3], 22 2 2 (orthogonal
factor) 7 A A gk(loading) & = Faf g}, o]2]dt £ HHES T3l X YV E

e 2ol E@aTH
X =TQ% + Ex, (2.1)
Y =TQy + Ey, (2.2)
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Table 2.1. NIPALS algorithm for partial least-squares (Lee et al., 2011)

Z71% X=X, Y=Y, vyy= YV AAA 4, k=1
1A (k) Xg;c)v(k)/(v@)/(v(m), (k) < r(k)/\/Tfk)T(k)
224 by < X )T (k)

354 by = Yyt /oy / (teky)s Dk <= biy /1 /0 b
A7 V) = Y(k)b(k)

5%HA FHE o 717 1-49AE ke

65 B<KY AR b k4L Too = () len),

+
Xky = (In = Ty T 1)) X, Yy = (Un = Te-y Ty _y))Y
T ¢ Ty Fol 022 988,
1HAZ Eol7t k = K7HA] jHE.

A7 Qx € RV, Qy € RN (K < min(p,q))t 247 X, Yol aigste A 2 (loading
matrix)©|2t3 3 Ex, Fy+ 22 X, Yol tidh eap fdojry. &) A& 3d T e RV X & K
o] WEF MEE dE 7R 72X 8 (weight matrix) W € RPXF e} A9wis Y X2 ofea 2+
o] +EHTH

[:H o

T =XW. (2.3)

A4 (21)-(23)8 ol §3te] FHuSe AR 7

o}7]14 Ut ARG Aol HL IAAASF f = WQLE BHATR= Folth. webd PLS+ X9}
Y7} Addoz Ao Ko A& OE 1 g9Fo] Z & Ao dul H 4 Al (ordinary least
square; OLS) Ht} A2 9] &2 2337t 7]-—°HX]D} Y= ﬁ]-_ﬂ ALE 27 A= 7HEA
FE W = (wqy, ..., we))ol —50-172:_} AHE wyE T, Z = YV'X, Sx = X' X/nolgt &
],
w@)w(k) =1, wfk)SXw(h) =0, Vh<k
AR BN wiy 2 ZweyE HAHE e wiy E FolAth e wi)E 7w, B4y
BE F 4 AFH (non-linear iterative partial least squares; NIPALS)?/}h A S0l & ARH
. 719 NIPALS &e]E 52 A4t A4 F BE Y X Ae 278ttt ol& pot g7t 2 73
°ﬂ |xbde] E8E AtA7]E 8o Z8e 4 9oz B Ao Lee 5 (2011)A A
3 49 NIPALS ¢12|&8 AL d1glon, %Lzﬂzm NIPALS ¢i18]&-2 Table 2.13} 2t}

Table 2.19142] F1e)F +8 F, 715H FE W ot 2ol 9L % 9ok

rsHogJ}mg

-1

W = Rx) (G(TK>R<K)) ;

o] 71 A G(K) = XTT(K)(T&)T<K))_1, R(K) = (7”(1), .. .,T(K))O]Ur.

\oh

2.2. 3|4 B2 FA HSY
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ARAe Aze Afu Mee 57b 8 Bot OLSE A%
Agel Ao AGT £ gt Ptk AU, BYL
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AHgE) de] A8 HASAL 28 WSS Rewl 9lof ofeige] Atk PLS Byl w43 3
We Agstol, PLSE SYSAAE WSS AesHe SPLS 37 #4 PHEo] Adsigly, ¥ A7

o A= Lee 5 (2011)0]A A9+t tytAl 75 = (hierarchical likelihood) & ©]§3F SPLS W& ALS
shaitt.

Table 2.18] NIPALS &1gZ&9 1949}
(tlny/ (tr)) & €x 9} ey 8 2AFO 2 7HA 2
A 24 AR AL 4 Qlok:

3\_7:“91 T(k) = X&)v(k)/(vﬁ)/(v(;@))ﬂ— b(k) = }/(i)t(k)/
AR vy 2ty ol B 731y 2 by & T3 ThAEF 3]

X (k) = vayrin) + ex,
Y (k) = toby) + ey
PLS Wk WE] r;,) ol 324e Holst7] 98] Lee 5 (2011)2 theo] BAFGE H2= oh rpn S
Teth
trace{

T
X(k) = vl (X(K) = vayry

—
~—
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+
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e
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—

A71A pa(lri)€ BHZTE 00] obd Aol Weol 2382 +5 FA4¢7F AAA e ol
ok webA, TR Al FAX S 00] Weol FolH i 23 AFET 00] obd ghEe] EA Ho
W o] Zhsei ek & =29 320X Lee 5 (2011)004 Aol Frial deid L EH¢s
(Tibshirani, 1996), TF&-A 7Fs= 12 &

£ o83 AU (Leest Ob, 2014)E o 83to] 1 4L 1w
Astdeh T A pallry ) FAR S48 Leest Oh (2014), Lee 5 (2011)0f & vhbgich.

3. X2 24

3.1. X2

E AFodAE 20139 4-5¢Y S 7FEE AT R AR AN FhE S84 AY HAd(FH)

593::4& Ao = AXs o]EqLﬂyﬂ 9 o]g AE] A AR 28 (Cho 5, 2014)E ©]&3}9t}. Cho
% (2014)& B 223E AL A JHU 55 FEE NdE] 3 B As5E s A

a—r-_/\F— AedEyde IRB %"J" ol ZgEglon, JHU AL A= £ 612F=E <

Yl AlY AR &= A X (Internet Usage; 1U), $&(Beck Depression Inventory; BDI), &<2H Beck
Anxiety Inventory; BAI), %4 (Barratt Impulsiveness Scale-11; BIS-11), 52]2 A3 (Conners-
Wells Adolescent Self-Report Scale-Short form; CASS-S), 35 &4 /2 A (Behavioral Inhibition and
Behavioral Activation Scales; BIS/BAS), 5% & & 2 A (Buss-Perry Aggression Questionnaire; AQ),
1 (State-Trait Anger Expression Inventory; STAXI), 57 413 (Beliefs Supporting Aggression
Scale; BSAS)®] 107H4] 79 SE53% 1 S5 Ak AR 2Fs< 7 AT (Table
3.1). & A7 M= AHY 55 HEE =743+= Korean internet addiction test (K-IAT) =2
6170 & A TS S5 AF YR 2 Uruiz] 97]e] Mzo)A] AZo] Qi WL 187 S AW
AR Sho] PLSSE SPLS 248 AAsth 4 (2.1)-(2.3)= &3l AEYl S5 tist PLS 23
Figure 3.13} 2o] E4sksiglon, dut 37123 oz A9us(RAARSES)9 F5u4(
HUSESE) Atojo]l A4 AR T7F glew, To A K= AR ¢ gholth.

O-

(O flo

3.2. 24 4
A Ad F4 PiESS vashy] Aste] JABY A $5 A5 FAEY HES o83 Bofd
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Table 3.1. Description of self-administered questionnaires

A2 Eq 57 (55) XL 29+ (45)
K-TAT : Korean Internet addiction test OHY = AL 61 (43 Hx)
IU : Internet Usage QlEYl AlAALE A AH 12 (247 H %)
BDI : Beck Depression Inventory << 21 (44 HAL)
BAI : Beck Anxiety Inventory £ 21 (48 3x%)
BIS-11 : Barratt Impulsiveness Scale-11 =354 23 (431 A %)
CASS-S : Conners-Wells Adolescent Self-Report Folg 49 27 (44 HAL)
Scale-Short form
BIS/BAS : Behavioral Inhibition and 5 A/ 9A 20 (44 Hx)
Behavioral Activation Scales
AQ : Buss-Perry Aggression Questionnaire =54 44 29 (5% HxE)
STAXI : State-Trait Anger Expression Inventory 2 24 (431 A %)
BSAS : Beliefs Supporting Aggression Scale =4 A4 9 (438 3x%)

BIS-11

K-IAT Total score

CASS-S

BIS/BAS

AQ

STAXI

[ BSAS

Figure 3.1. Diagram of PLS model. Abbreviations are defined in Table 3.1.

de AR, RAL & L000Hs FAEY ERE 250 AWsglen, 7 Rany BR

, A L] 80%°l tisle] 10-Z2= WA} BFgH (10-fold cross validation)& ©]-83lo] 2 28 &2
5, S04 Ug2 VAT 9 002 247 § AeEe] vlgE ANSIT. £ of

b XS o] &3] AlFZ HH &2 AH(root mean-squared prediction

error; RMSPE) & A4kte] o221 Hastgith. ¥ A7o)A] welg WSS thew 2ok

() PLS: %2 #4 AF 8724

(ii) SPLS-L1: L; B3 55 o] &3 4 H

(iii) SPLS-HL: Lee2} Oh (2014)2] thdHA| 7Fs= 7]¥F ¥ &< (hierarchical likelihood; HL)E <]

B9 34 R A4 AF HALA

2 ()9 4% spls RIAZAE olgstgdom, Wy (i), (iii)e] 7
A (http://fafner.meb.ki. se/personal/yudpaw/) ol g3t BE
A& A8kt
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Table 3.2. Descriptive statistics of PLS and SPLS results

RMSE PLS SPLS-L1 SPLS-HL
B 0.1893 0.1918 0.1881
2EFHA 0.0304 0.0303 0.0310
1894 0.1676 0.1699 0.1656
=< 0.1883 0.1904 0.1864
3R+ 0.2086 0.2110 0.2067

RMSE = root mean-squared error; PLS = partial least-squares; SPLS = sparse PLS; HL = hierarchical
likelihood.

Table 3.3. Sparsity of SPLS results

5% dag urel uE 3R AT
PLS SPLS-L1 SPLS-HL PLS SPLS-L1 SPLS-HL
0 0.2193 0.0373 4.58 5.64 491

PLS = partial least-squares; SPLS = sparse PLS; HL = hierarchical likelihood.
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3.3.1. TH 88  1,0007]¢] F=E= T Ho| thsto], PLS, SPLS-L1, SPLS-HL Al 7}A] ¥ ol
3to] 3 RMSPEE Table 3.29F 2t} SPLS-L19 7% PLSe| H|3] o]& 2x171 24|, W49] 44
% S48 FAolA AA Z}Eﬂ ZHA Qd ARE AR goFehA] Felly] wEel Aeg 23

g}, whd, SPLS-HLO| 7% SPLS-L1o|| vlato] t) 8 8] 48kAl 4&8-& F435ol= (Table 3.3)
OZM 7V A Zlew UrE}kM <, SPLS-HL®] A% Al 7HA] 1 & 7P B84 8 289 4

HE Rofstel 58S 29 & ATk Figure 325 1 278 4% 1Y 02 viekdl etk
3.3.2. Bl44 B2 oW FolAE 44 FoIT SPLS WHelA ome W % RG] A
g glon, ofSo] Aus Fxo we} 4 Zolth Table 3.3 100089 2= Algelold

Bl Ao Baghss Bt

B/ Ak 230] Qe PLSY] A9¢E EE MSES ARSSIEE 34 wjE2 001, SPLS-L12 3
dHoR AA Ao 22% FEE 002 F43 Wk, SPLS-HLO| 49 B 4% F=o] Wl 02
2 3% A& & 5 Ak ole dolEe 54 4 E}%ﬁ} A9 RS Wiy FAEE
T Aese slasht 74 4

7 olvh # R U 7 AR Agagte s A5 A E F

& Aztolth. W R 7)4(K) SHolA & SPLS- Llﬂ AV BE 5 288 ¥4 A0k Figwe
3.3(b)2 Hu, AEdlH 74 F SPLS-L17} SPLS-HLo] ulste] @& 2A] A&2 7|55 A3}
T A7 Eee & 5 Atk 331EAMY oS 2 Al vlFo] £ u, 002 ST WM A
=ob A R dEo] BE o5yl 9T wHE & £ Jrh. 53] BE WSES BF A
& PLSET} SPLS-HLO| cl5go] FouME Mg s FO=H si4e] $ol4de 52 & 5 At

(Figure 3.3).
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Figure 3.2. Boxplots of RMSE of PLS and SPLS results. PLS = partial least-squares; SPLS = sparse PLS; HL
= hierarchical likelihood.
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Figure 3.3. Bootstrap simulation. SPLS = sparse partial least-squares; HL = hierarchical likelihood.

3.3.3. 22t o4 ol E exWolA 7PE Fojyd SPLS-HL #H e ol §3te] K9} 8 @49 23
B4 AE 10-2E 23} PS8t HA 28 B4E 23, o] A AR o] 83te] AU}

A3E BTt K= P s Ron, SPLSHLY 5144 430 99 e 35 g dde

ol Qo HE B AdE A ghu Dot 217)e) AHASES FAF 5 Ytk (Table 3.4). &

4g Eahe BIS 11 St 2] 2 AuE tuo] £019 293 B8 CASSSE 4890 Zﬂﬂ

R50e A AEd 252 AE 9 ABRol QAL Aol £ e YA OEFALL

< o AAE Acs B,

A
RN
«



260 Jeongseop Han, Soobin Park, Donghwan Lee

Table 3.4. Omission of irrelevant variables from the SPLS-HL results

W T WS AE %

U 11 AU ARE A w2l dEE HAY A 5E B2 Ho] Jvhar?
12 U= AFE] tisk A o] &dd] gloj Rtk

BDI 16 s Farth 2 Aol 44 A1 s Zld oAl FE 5 fith
19 e 84 24 2E2 AS5E £011 & Folth
2 e $8E =748 et

BAI 19 e 74 7188 A 2o
21 Ut g Bo] Edg
2 e W7l g 5 e F&oletd e s

= Az AR AZSF %
CASS.S U A& 25 JE5HA 9t
24 o2 At EAS Rt
26 e AARAZE T 7S] gkobgl 7 7t &)
3 e A3 vsiA H2 T3] gl Holth
BIS/BAS 10 e £3] olF Ax UE B & gloi e Aoz Hasinh

20 MEZ do] AuglE Aoz AZHY, e AA Y 1AS A =3}

AQ 11 e o A 9 S50 #2
1 e 3 et

= AE Au4e Za dist
STAXI Lt POE‘OMI WAE zta stk
19 U= &2 st
20 U a3 oldfste = sttt
BSAS 5 FTE A EE ol f7F it

6 th2 AFEEol 23A 3 A FEtelA AAHE e A2 AW A Eoirt
Abbreviations are defined in Table 3.1. SPLS = sparse partial least-squares; HL = hierarchical likelihood.

17} BRUSES AASL, 166709 AFAFTOR 4 (2.3)004 5D WE ol §3te] 2

e, QB 5 HpQd Yo AFAA &A s 9

Zo)FRAEE ¢ S Ytk F AR BT Vol & ABBAE 7RI Qlof, YE A=t 9

2 A= AR WiT W FES

& 4= 9lth. Figure 3.5% W13 W29] AHHES Yehdth (a)E AQ
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o WiRES 52 240l HAAY, Wee A
2 & 4 9tk AQE ZIle BAAYH Belo] £11, BSASE AL, olulA] B4 B
94 53 B0l ek T WA FAYLASY Tt AQSE BSAS gel Felol uet 7
dol Gebdl 4 glo, W5e 129 AHY F5 A= s T FE00 Holg
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WSk 57k g WS e Aue BAe] BE W
97 mpEo] 4 B2 Hx AR
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Figure 3.5. Scatter plot of weight vector, W of SPLS-HL. SPLS = sparse partial least-squares; HL = hierarchical

likelihood; AQ = Buss-Perry Aggression Questionnaire; BSAS = Beliefs Supporting Aggression Scale.
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SEES B WFss 885t AdHU F5 AEE dSshe 2ol e BoH, oS Bt of
ek Ak A 42e AeEY R o 2de FAGEEE /33t Thesite AR €
T A%tk 53] 2 JHU S5 AN 54 3448(AQ)H ¥4 AHE(BSAS) F A A
=l w2t JA A2 sk AsEd F27 EEbA AAEE FA A ARl wet SRS 73
3 & 5 ok ol dHU FF AT Y AR HEE oY Ee ASset HEE + de
2oz 7idjdtt. PLSY SPLS 22 FAGES Aisee] A% 2ys skl oy =3 &2
FollA el A 327 a2 FA aejstar QA ok, ol 724 BYE Tl did 2 5 9l
ow, o] Sle F& A7 FA7E Aol
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