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Abstract

Previous resear~!, nas four- associations but not sstaclishe2 mec'.anisms of developmental
linkage betwec en leguage ability and inattentive-hy peractive (1-H) kzhavior problems. The present
study examine\! whther self-regulation mediates the effect .1 1angu~ .. ability on later I-H
behavior probleins a.nong young ckiluren N = 120) . ssesse” w 30, 36, e 1d 42 months of age.
Cross-lagged pan ! .uodele (ested 1) t.o direction of eitect between larZu ge ability and self-
regulation and 2) lonstudin-! crtects of language ability on 1~‘.r I-H prcl -ems mediated by self-
regulation. Languag:: abi' ity was measur~Z oy “hildren’s :coree un the re epiive and expressive
language subtests of he L iffere=iial Abilit:- Geales. Self-regulation =, as mes sured by three
behavioral tasks requiting inhibit~r, control. I-H problems - vere ren~rica v’ paents and
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secondary caregivers. Language ability predicted later self-regulation as ».casurzd by all three
tasks. There was no assoc 'ation, however, between ¢ slf-regulaticz and later language ability,
suggesting that the directiou or e fect was st.onge” trom languay e Zuility to la er sc'f-regulation.
Moreover, the effect of language abilit, on la*cr I-H behavior prob! ums was meaated' by
children’s self-regulation in one of he tacks (for secz.d 1y caregirers but 1ot »~cent,’ ratings).
Findings suggest that language defic’.s may explain iater '-H behavicr proolems va their
prediction of poorer self-regulat_ry skills.
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Attention deficits and motor activity exces=cs 1n you.'g chi’ldren are /f cr.nsiler bl inf 2rest,
certainly at preschool age and late - (Cr mpbell, Shaw, ¢ G lliom, 20(9), .=} erhapc even in
toddlerhood if measured well (Sh w, Owens, Giovar.ielli & Winslow, 2201). Such
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a

problems can even include diagno: =d anc»ti~= ueficit F.yperactivity disorder {ADHD). iv w0
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importtant to und==-*22 (. wecnanisms 'y which such behavior problems develop in order
0 imj rove early assecemer?, L.ove don. wad treatment. A risk factor with a possible
achar istic role in the Jeve or.aent <« behavior problems is deficient abilities related to
lang 1age  The present st dy exar.ned the role of language ability in the development of
inatte 1tive -hyperactiv. (I-H> oehavior n*2uien:s by testing whether language serves a self-
~cgulator, .unction accus develspment an< whether self-regulation accounts for the
assec.iatior vetween lar suage abi':*y a1 d later I-H behavior problems.

Previous studies have shown that lan ruage deficits ~.re associated with ADHD (Baker &
Coant=21 19925 Tirosh & Cobei,, 1998). eviiernalizine problems (Petersen et al., 2013),
condrnt ==l s (Beitchme n et 21, 2001; Pz iersen et l., 2013; St Clair, Pickles, Durkin, &
Conti-Ramsden, 2011), and delinorz.cy (Brovue =t a1, 2004; Lynam, Moffitt, &
Stonthame=T 52T, 11993; Stat in & ¥lack enburg-La ssoi, 1993). Studies have shown that
language ahili+- j5 as: ociated with later belavio - prob. =z.us controlling for prior levels of
beavior problen, (Lindsay, Dockrell, & Stiand, 2007; Petersen et al., 2013; St Clair et al.,
201"), sugge~ung that language ability plav< a roie 1.: developmental process. Following
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ckidren la two samples com ages 4 to «2 an 7w '3, Metersen et al. (2013) found that
1neage abil*ly more strougly predictad | ster I-H ar d e ternalizing behavior problems than
the ~Luverse. T study opens the question ~fzechar.sms by which language becomes

adj st :nt. For reasons to be explained, v.= exno_ that =21 -regulation development might

be a maj. r mechanism.

The de 72 pment=i process +;, which behav.or problems mav Z=velop as a result of language
deficits is v «clear. .cenan and Shaw (1997, 2003) r=,posed th-.. language skills may
prevent th : de" elopment of beh~, 10 problems by a) »Lilowing ~hiiren to communicate their
needs and have them m .. and b) e'.citing inducuve parenti=g rath-r than punishment. A
related mec, anism sugeez.ed is that language def . its woul” L. pair peer acceptance
(Menting, van Lier, & Koot, 2011).

yduosnuep Joyiny Vd-HIN

Vygotsky (1962 and Turic {1251 yropored that lang uage <2, ves a self-regulatory function
by guiding goal-directe 1 bea~ (or to [acilitate problem so'~ wug. Spe ~ifica.ly, the use of
private or self-directed s eech w.s considered by Vygot sky ~.> « means to g uide one’s
behavior on difficult *usks. 7. addition to ) riva‘e speech, othor a<z ects of anguage such as
language ability may be important factors i1 the developm: .nt of »~solem sol\ iug «d
regulatory skills. Theoretically, chi!iren with bet. er languag ¢ ability Lave bette- internal
representational abilities ~ I caregiver:" regula ory speech (Va'.otton #- ayork. *11) Thus,
children with better langt ac2 skills may be more e*ective at 1 sins private pcech as 2 elf-
guiding tool and may show earlier intern='..ation of _rivate speeck and regn'=ory
mechanisms, resulting in better <zii-regulati.i and adjustment. k esez.ch has fonnd, for
example, that intelligent chilcten show moe~2 aavanced developme = of rivate sneect, than
do less intelligent children (Berk, 19€ ). Bec~u,c (hildres with highe r inforigence ene. to
have better language ability, we w,uld ~xpect that chii drer with bett 'r lengue ge abili*y
would have achieved more advan :ed « ilevelopment of priv: te speech, a~ wel , «»2 mmpro+.d
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self-regulation and behavioral adji stmunt as a re<uit.
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Previous studies «*zz25l tia 1auguage ab lity may be related to self-regulation. For instance,
wolfe and Bell (2004 four 2t 1-aguas. ability was positively associated with

e forniance on tasks inivolv 'n, work.ag memory and inhibitory control, as well as with
parents’ -atings of the ch.1d’s ter-peramental effortful control, which reflects the ability to
suppt 3ss + dominant r_spons. in favor of .. sub lominant one (Rothbart & Bates, 2006).
_.dditior=uv, languag » #uility b=, oeen ass<ciated with regulation of attention (Kopp, 1982;
Rod-iguez Mischel, & Snoda, 19°9) a1 d emotion (Roben, Cole, & Armstrong, 2013), and
with d_iayed gratificatio = among im.nuls ve ch’laren (Rodriguez et al., 1989) and among
aulescents with Down syndrome (C:skelly & S“.opins, 2006). Vocabulary has been shown
w predict later g owth in se!* (egulatior, cven cont~,i'ing for general cognitive abilities
CVanowon & Ayoub, 2011). *~scarch on the role of lan yuage in self-regulation has been
extended to the study of differen~_s 1n monol ugual. * an1 bilinguals’ executive control. For
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cusienve, plalystok aid Viswanath~z, (200.Y) showed hat vilinguals have better inhibitory
~ontre’ waa wegnitive flexibility than do mo.volir guals. Kesearch on variations in first

exj osu.e ‘v lancuage among children with cochlear implants has shown that language

expe sure promotes the development of be'.avioral reg.lation. Specifically, length of use of
e imrlant, presur-uty 1arking earlicr lar suage e.pos ire, has been associated with the
aYlity to rgulate and Selay behavior: I re ;ponses (F.orn, Davis, Pisoni, & Miyamoto, 2005).
M .ieover, dificrences in language abil.ty account for .ne higher levels of behavior problems
am ng ¢ hildren with hearing loss compareu « uearine cnilc ren (Stevenson, McCann,
Watkin, V/orsfold, & Kennedv, 2010).

Improv.u lane zuge abilits could promote the development o1 sclf-regulation for several
biological - easor:. rirst, motor and language syst<.us are closc.;” coupled in brain activation
patterns a \d t 2ir developme~. Proc 2ssing act. on-=z:ated lang 1ag: activates motor and

premotor cortices vz Elk, var Sehie, Zwaan, & Bekkeriug, 20179, Spoken language
processing n.~v influe= e the development of finc motor ~Luls (+'orn Pisoni, & Miyamoto,
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2006). Second, language processes are aesociated with neura! Zircuits in the frontal lobe
including the fi »ntopolar, medial frontal, .nd dorsolr:cral prefr-.ual cortices (Lee et al.,
2005) that underlie asg scts of se'(-regriation (Pisoni «* ai., 2008).

With language appearin< to ha¢ a meanirz . 1 role in cild en’s de.el~pm :nt of self-
regulation, it is unsu prisir that language defi:its are pre-en. .u many s<cial. emotional,
and behavioral disora-.s. A recent meta-~..alysi. supports he 2-,uciation Hetween 1. 1guage
deficits and behavior problems ew & O’V arncy, 2013). Delav-a expressive 'anguage in
children, for example, h. s been as-ociated wit) m- ay behavic ral provlems a~ i ¢2'uyz in
social-cognitive developn.ont (Carson, Perry, Diz (a1 derfer, & Xl-, 199°;. rrom th=
complementary perspective, language - _icits are zurticularly corumon in A uE D Lad autism
(Joseph, McGrath, & Tager-F'..oerg, 20°Z). Two groups of rese: rchuts have <, .. <uggested
that language deficits may me Jinlc the ev cutive dystu. ctions commor. 1 auti=zz ‘Lis. et
al., 2001; Russell, Jarrold, & Hood. 1999) Tarkley \'997.) has argu :d t'.at he def cits in
attention and self-regulation founr. in £.OHD may, in  art, irise from chii?*r.’s imp-.rment
in the ability to internalize langua e i1 the form of pr.vate speech. Thus, 'an yu.ge m=7 ve
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important for regulating attention ¢ nd bihavier, rast reccarch, however, desriic a numbe of
encouraging findings, has not establisied langn2ze as carsa 11 the devell pme=. ot self-
regulation and behavior problems.
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The nresent study #2cus0s i 1auguage ab'lity as a possible longitudinal predictor of self-
reguletion. Self- eonlation ‘z Luusir ored 2 oroad construct encompassing physiological,
saenticnal, cognitive, emotiwn~y, and oehavioral regulatory processes that promote adaptive
or ghal-cirected behavior (Berge-, 2011; Calkins & Fox, 2002). The present study examines
self-r'gul. tion tasks th.at all - cquire inhi*:lory « ontrol, a form of behavioral regulation that is
~onsider~d 1 central a p.ct of s~ll-regulati~:, (Kochanska, Murray, Jacques, Koenig, &
Van“egees*, 1996). Inh’uitory cor* ol his been defined as “the ability to inhibit responses to
relevant stimuli while  wisuing a ¢Hgni‘ivelv zopt »sented goal” (Carlson & Moses, 2001, p.
1£53). It is considered a developmen- al skill tha* ,.omotes goal-directed (Luna & Sweeney,
Zou4) and adaptive social belavior (Ca-loon & Mec_: 2001).

Self-regulation deficits are consider-u an inter.cdite phenotype of many externalizing
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behavinr neoblzn, | “Young et a'., 200¢5 i lud.ng I-} bel. avior problems and ADHD
(Barklev 1007%-- Dov'e et al., 2005; Slaats- Will ‘mse, *-,aab-Barneveld, de Sonneville, van
deMciler, & Butelaar, 2003). In addition, self-regulation skills are crucial for school

reac iness (Uv,ache, Blair, & Raver, 2012). T suppo.: of the hypothesis that self-regulation is
irportar. for behavior.i . djustment, aspects = sc.freg lation including inhibitory control

1 ave oeen forr.u to relate .0 key aspecis o behavior . ac justment. Inhibitory control has
beer ussociated vith theory of mind (Carlsc= £ vloser, 2001) and social-emotional

cor et nce (Rhoades, Greenberg, & Do trovicl, 2000, Deficits in inhibitory control have
beer link =d to aggressive behavior (Raaijmake~: ct al., 207\ ADHD (Johnstone, Barry,
Markuvsk., Dimoska. #2 Clarke, 2009; Oo. terla~=., Logan & sergeant, 1998), and
substar..c-use ~.sorders (T, anov, Schulz, London, & Newe~., 2008). Furthermore,
inhibitory ~.ontre! Lias a unique association with e~ziy academic obility independent of
general in ellig ence (Blair & Mazza, 2007). Foi the<_ reasons, tis important to examine
factors in t1e deelez uent of inliottory control.

In sum, a) language ability is associated with later :cir-regulatie-. and I-H behavior
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problems, and *1) seir-regulation is consia red an interr_uiate pheotype of I-H behavior
problems. Thus, . .5 p'aus.nle th2. self--cgulation coi st:cs may a couunt for the association
between language abilivv an 1 iater T d behavior problem-. Studic~ sucild ‘est the
developmental mechanis.ns of ’-H behavie~ | roblems tc spr.cify the de velc pmental process
and steps along the causal ~nain that coulc be 1argets of 1. terveiaon. For example, if
language serves a reg “.atory function, in*<, ventions might seek ‘o improv > children
language skills or use of private speech in =2 litio 1 to self-regulat: Lu skills dire <tly.

Prior studies dealing witl. 1-.guage, self-regulatior, and beha -ior ~roblems Lave kev
limitations. The majority of prior studies ~..amining *he associatio” vetween '.1gu. ge and
self-regulation have been cross-=z.uonal, a~2 among those that 1 7ere (ongitudinal. most have
failed to control for prior leve s of scir-reerauon (wion language ;.edis subseauen. self-
regulation) (but see Bivens & Berk, '590; Va''siio.: & Ayoub, 2011) and irost fail d t) test
the converse association that bette self (egulation skii's m 1y promoi= butter anguagr
acquisition. Longitudinal testing « f lir ks from langua-.e te later self-re;ulation coatrollir

)duosnuep Joyiny vd-HIN

for continuity of self-regulation, a.\d vice versa . ul hel,, to clarify the role of ~.guage i~
the development of self-regulation.
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Few studies hav= ~z2zilica wie assoclatic 1 between language ability and behavior problems
contrc lling for p ior levels £ lia .or proolems (Yew & O’Kearney, 2013), so it is not clear
~vr.2the - language abilit " pre 1i<s cros-age changes in behavior problems. Moreover, few
stua’es Lave examined pc ssible r.ediators of the effect of language ability on later behavior
vrobl 'ms. We know o7 only wne study th~: nas *xamined mediators of the link between
language st ills and beh~ vior proliems, fin-iug that peer rejection mediated the association
betv cen re~eptive lang .age skills - nd ¢xternalizing behavior problems (Menting et al.,
2011) 1o our knowledg. , uo studie: hav > testeZ w.ether growth of self-regulation mediates
th s effect of language ability on later behavior nzuiems. Also, no studies have examined
wweuiators of the =ffect of lar _uage abil*%, on later »_ avior problems in the context of a
lougruuinal panel model, wi i~ provides = stronger te: t of causal mediation than cross-
sectional approaches (Cole & M-z, well, 2003’ .

yduosnuep Joyiny vd-HIN

Finallv. few «t-djes b :ve examined languag = ab lity ir. ~_iation to self-regulation and I-H
beavior problen, in the late toddler years, a period of rapid growth in self-regulation

abil ties (Posw.er & Rothbart, 2000) and receuve aud expressive language skills (Ganger &
Bront, 21 u4). Also, e¥~.u ning I-H beh-.vior rrouiems it toddlers allows earlier
ileriiticatior Ui risk for “Lattentive-hy per .ctive beh'.vio ' problems before the behavior
prokloms becor.e engrained and more diftic' Lud cor dy to treat. We focused on I-H

bel avic problems because previous rese.~h sz ests thi, 'anguage ability is more strongly
relat>d tc I-H behavior problems than to other FZuavior pr.iems such as general

extert. alizing problems /_.g., Peiarsen et al. 20172,

1

The present study e.amined the longitudinal relatior Uetweer ' .aguage ability, self-
regulation (esf ecially inhibitorv _ur.trol), and . -H beb~.i0r preble us in children across ages
30, 36, and' 42 months Tne studv “Z.ed cross-lagged panel ~..odels o test the hypothesis that
language ablity predicts cuosequent self-regulati~.., while ~<..u 2ling for prior levels of
self-regulation and simultaneously testing the cony 2. se (self-reciatic n predicting
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subsequent lan ;uage controlling for prior language). Tezung both lirections allowed us to
approximate the J..cuion o1 etter. betwoen language abil..y and se’ -1 rulation.
Longitudinal panel moc¢ls < 1.0 ex2.ained whether langu-ge abili‘'v p.odic ed later [-H
behavior problems (cont olling .or prior le*"_i5 of I-H bc hav (or L rob'er.s) e nd whether
individual differencc s in seir-regulation m>diai=d this ass>ciauou. It is im.portant to consider
such questions, becau < the findings mie*? nelp zuide cho.zes ~Lout whic 1 children -vill be
identified for prevention of disirl.ioitory bel vio. problems and it child abi.ities will be
emphasized in intervent; ins.

Based on the general hypothesis that lane’:.ge serves a regulatory “unction. th.c present study
tested five specific hypotheses: ') ianguage ~uility would be assc ciat .a with later self-
regulation, 2) the direction o1 effert would - sironge. from langu. _e a* ity to later s>1f-
regulation than vice versa, 3) languac¢ ability =, vuld be asociated w.th 1= - I-H be hav ior
problems, 4) self-regulation woulc be 2,sociated with 'atet I-H beha: ior nrot ler.s, ard 5)
individual differences in self-regt latic n would mediat: the effect of la,ouag 2 « Pilicy on '“ter

)duosnuep Joyiny vd-HIN

I-H behavior problems.
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Method
Partiz.pants

Chiidrer and their familivs (N = 159) were recruited from the Bloomington, Indiana area to
vartic'pate in a study vvith as.essments of lang age ability, self-regulation, and I-H behavior
croblem< a three age.: 2v, 36. ~..u 42 mor*Lis. All assessments were conducted within two
wee's of tho child’s tar .ct age. A 7ortic n of the sample (30%) involved planned missingness
a.e., were purposefully 1 o assessea at a.1 3 acz,), vhile other forms of missingness
ir_ruded inability or refusal to play ! = behavior-! «asks and the family moved or was unable
w ve contacted. The plannes .uissingnes, of this st:4 ' is not a problem because modern
Luosiug data methods using t.cwral earsiion modelii g handle planned missingness well
(Little, 2013). Children were inc'.ued in the « ualyscs fo. the present report if they had

yduosnuep Joyiny vd-HIN

Seuius tul language ¢ bility and self .cgulaiion ( t two Jr m.ore measurement occasions,
resultiig w a r.nal s7unple of 120. Participa ts w =re recruited through a developmental
res 2arc.) ~ataba< . and through recruitment via the local housing authority. Of the final
sam.le, 51 £+3%) children were female, 2~.u 69 (56%, were male.

.\ prmary ca_giver (usuly the mott er) eported o1 thr child’s behavior problems. Among
the ~Zunary carcgivers, 118 (98%) wei = feri~'2, 563% v ere Caucasian, 7% were Hispanic,
2% wet ; African-American, 1% were As.on-Amz,can ?%¢ were of mixed race, and 2%
werc of © other” ethnicity. Parents included 116 ~.others, 2 Z:thers, 1 adoptive mother, and 1
grand notl er, and 98% . cre bio.ogical par 'nts. P..ents raigec in age from 20 to 48 years
old (M -33.34; 5D = 5.6}, 1he majority (76%) had a coll-ze (egree, 14% had completed
some colle se, 6% Liad obtained a high school din!<.ua only. 2%, had obtained a GED only,
and 2% hi d cc mpleted some *ign school. The maiczy of pare nts were married (93%),
whereas 445 wer= simgie, 1% we. ¢ separated, and 2% w<. ¢ divorr »d. The average number of
children livivy in the koine was 1.96 (SD = 0.84). [hirtv-“.vo percent of children were first
born. The Hollingshead four-factor indev of socioeconomic st=.us (S'iS; Hollingshead,
1975) ranged fiom 11 to 66 (M =47.81, 5D = 14.22) ,uggestirz a sample with some
variation in SES, but with ¢ soli<. midd.e-class core.

yduosnuep Joyiny Vd-HIN

In addition to collecting parent .eports of k=i wior prob em ., wih tie Lare its” permission,
we asked secondary .aregi ers to rate beh.\vio. problems. Secoudary car_givers were
persons (over age 18) ~.ot living with the ~lLuld who spent t e m2, time w'th the chy’1 (and
at least 10 hours) in the past 30 ~.ys. Parer*, did 10t name a secrwuary caregiv °r at ages 30,
36, and 42 months for 57 70, 44% 2.a 35% of *he - hildren, re spect’~ cty. Of vie (hilucen
whose parents named a sc .ondary caregiver, 93°%, 5 4%, and § 1% of thei~ secondars
caregivers participated at 30, 36, and 4” .uonths. T wnese, 45% o’ second~iy cire . vers
were teachers, 27% were othe= ,clatives 220 were babysitters, a1d € % had ~4...
connections to the child, as w 1zuimed fro.in the 80% o: the sample cor.ipleted ~2~r re "ising

the protocol to ask the caregiver’s rre.

Measures

)duosnuep Joyiny vd-HIN

Language Ability—Language au ility w2z .ucasured us the average of the Luility scores
(not age-normed 7-scores) on two langv2oe skiists, VerLal Ccmprehens. on £ cceptive
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language) and N~=i=2 “Leavulary (expressive language), of the Differential Ability Scales
(DAS Elliott, 1:'97) The ¢:50viau- a1 bet, een the Verbal Comprehension and Naming
v abu'ary subtests wa. sig.ifcant 22 30 (#[97] = .55, p <.001), 36 (r[108] = .46, p < .001),
and 42 (.1100] = .52, p < 001) ronths. The language ability averages correspond to 7-
score.’ of -'8.35, 53.81, and <+.90 at 30. 27, anc 42 months, respectively, that is, comparable
+J the cev.c of the na ic.ial nor.anve samzic. In total, 111 (93%) children had language
abili’y scor_s at 30 mor s, 112 (©2%) 1t 36 months, and 104 (87%) at 42 months. Of
<hildre.a with language a®.uty score., ch ldrer 2 or more standard deviations below the
~pulation mean (i.e., 7-score < 30) * umbered ? {57) at 30 months, 2 (2%) at 36 months,
auu 1 (1%) at 42 months (5 *.aque chil<.cn). To ev-. ine the specificity of the role of
lauguage avbility (as opposea t~ general in*zingence) in the development of self-regulation
and I-H behavior problems, we 2',u considerc u non "erb.l ability. Nonverbal ability was

yduosnuep Joyiny vd-HIN

Zowpuicd as e ave, age of the abi'ily scoies 01 two 1on-'anguage subtests, Block Building
and PiZluic 5raalarities. The correlation bet veer language and nonverbal ability scores
waz.5z 2/, an~. .49 (ps <.001) at 30, 36, and 42 months, respectively.

S :1f-Rre gulation—< .i1- -egulation wr s me~,urea vy th-ee different behavioral tasks: Bird/
1 zator, G-uss/Snow ~.ua the Shapes Ta: k. These *asks were chosen because they (or
siriiar variart;) are widely used and a ‘e thuugut to reliect important aspects of self-

reg \latin. Garon, Bryson, and Smith (2062} 2z,cribed tiies > or similar tasks as measures of
comjlex -esponse inhibition, where the child ».s to 1) hoiu « rule in mind, 2) respond
according o the rule. ~.u 3) inhihit a prepctent zesponse. viary inhibitory control and self-
regulation tas',, howeve:, are multidimensional and refle<{ othc v processes, including
working - emor;, (Wolfe & Bell, 2007).

All of the \ases were ccored for Zuability. Each case was coded Fy 2 or 3 trained,
independent ~oders in e~ task. All coders were sund to =*uuy L7po heses. Interrater
reliability was computed for each behavioral task using Cohen’s kapr a. Proportion correct

yduosnuep Joyiny Vd-HIN

statistics for ea :h task at each age are pre. ented in Tatlo | to deez.1be the developmental
sensitivity of the uiurei ent \asks fur ind’vidual differei ~<, at each aye.

Bird/Alligator (adapted 1 -om K~ chanska et ~!, 1996; Rced, 1e1. & Rehbert, 1984) is a
Simon-says task whe.e the ~aild has to fo.'ow ‘he directions gi*_u by the bird puppet, but to
ignore commands fro » «he alligator. The ~l.ildrcu played ¢ 2vera! practice frias ana then
were presented with 12 trials, inc'uuing six ¢ (i..., bird) trials and ,ix no-go (i ¢., alligator)
trials. After six trials, the participar<, receivec a re ninder of ae rules. 1t pai.i~i art
successfully demonstrate.! .cron on the go trials ~..! inhibitio. or the no-Zo trials. 2+ So
months, an additional 12 trials were pre<z.ated with = rule-switch v, nere the ~iuatr r trials
were go trials and the bird triale were no-c- uials, and at 42 mon hs, il childre» received
the rule-switch. Each no-go tiial *as scor=d on a 0 to = scale (0 = yull rymmandad
movement, 1 = partial movement, 2 - wron<; .uovew ent, cnd 3 =no nov.m>nt) ac .orc ing to
the scoring system used by Carlso 1 an Moses (2001). The¢ final Bird/Ai'ieatr score was
the child’s average score on all th : no go trials (0-3) [he interrater rei.~biliy “ui Bird/

)duosnuep Joyiny vd-HIN

Alligator was k = .85. Children wi o ha!' scores Zur Bird ‘Alligator numbered 77 (04%) a* ")
months, 97 (81%) at 36 months, ana "9 (83%) at 4Z month=,

Dev Psychopathol. Author manuscript; available .1 PMC 2025 Feb vary 02

AH Formatter V6.2 MR6 (Evaluation) http://www.antennahouse.com/


http://www.antennahouse.com/

Petersen et al. Page 8

Tasks like the Ri=7/A 11 .iu: wask nave be *n widely validated. The task was adapted from a
comp. rable Bea./Dracon tocly, wiv- o has Leen widely used in studies of this age range.
“aiant: of the Bird/All gatc - t-.sk ha e been associated, either individually or as part of a
comHosl e, with other inl ibitory _ontrol tasks (e.g., Eisenberg et al., 2013), theory of mind
(e.g., Ben 'on, Sabbag',, Car!,on, & Zela~,, 20 3), delay of gratification (Moran, Lengua, &
“alewsk’, .013), woriirg mem~.y (e.g., C~.ison, Moses, & Breton, 2002), language ability
(AlFcrtson i Shore, 2C%6; Bernier Cailson, Deschénes, & Matte-Gagné, 2012; Carlson,
vland- i1, & Williams, 20 2+; Lengua Ho1orad<, « Bush, 2007; Miiller, Liebermann-
F-.estone, Carpendale, Hammond, & Bibok, 2012, Roebers & Schneider, 2005), and
parents’ ratings « f inhibitor control (Fisonberg et ~L., 2013; Kochanska et al., 1996),
Zavcuuve attention (Jones, k~*Lvart, & Przuer, 2003), 'nd externalizing problems (Moran et
al., 2013; Orta, Corapci, Yagmur's, & Aksan, <013,

yduosnuep Joyiny vd-HIN

In the Shanee T:sk (K ochanska, Murray, & Harian, 202}, the child has to point to pictures
of sma.l fric emrcdded within pictures of duiterent, larger fruit. The child was presented
witl three pi~.wres, in which each containes . smau fuit in the middle of a larger fruit. In
th-ce of *lie trials, the ~L1.1 was asked t poir* (v a 'arge fruit out of the set (e.g., the large
Lans.aa). After wne three 'sige fruit trie (s, t'ie child was a ked to point to a small fruit out of
the =2 (e.g., the sinall apple) in three 11ore 5. Each small fruit trial was scored from 0 to
2 (\ =1, correct, 1 = initially incorrect, bu: ~hancoy resno.is 2 to correct, 2 = correct). The
finai Sha»es Task score was the average score ~.. wne small -ruit trials (0-2). Interrater
reliab lity ‘or the Shape- ask wis k= .93. Child~_u who 1ad cores for the Shapes Task
numbe.cu 110 752%) at ?” (nonths, 110 (92%) at 36 montk=, ar.1 105 (88%) at 42 months.

The Shapc s Ta sk has been used ‘2. n imerous siidies ~¢ wuts ag. rai ge. The Shapes Task has
been associated either I.aividually or as part o1 a composi‘., with other inhibitory control
tasks (e.g., 1”ochanska. C'2y, & Murray, 2001), th~ury of mi=2 (¢ ., Miller et al., 2012),
delay of gratification (e.g., Bernier, Beauchamp, b - uvette-Turc~., Ca Ison, & Carrier, 2013),

yduosnuep Joyiny Vd-HIN

working memc y (pernier, Carlson, Bora:leau, & Carriz,, 2010) 'unguage ability (Bernier
et al., 2010; Car.cou o al., 2004; “vans Xk Lee, 2013; Lv~.,, Cuskel 'y, Cray, & O'Callaghan,
2012), focused attention (K« ~aansk.. et al., 2000), compl‘ance (Kocuanske et al., 2001), and
parents’ reports of execr.ive at*cntion (GreZorf, Karren an, van Akun ek ovi¢, & van Tuijl,
2011), hyperactive ¢ obler.s (Gusdorfet a'., 20'11), and e."tetnauzing pr-vlems (Karreman,
Van Tuijl, Van Aken, °. Dekovi¢, 2009)

In Grass/Snow (Carlson #: vioses, 275 1), the “hilc has to toura a whi*C sque <. ~"her hearing

ER]

“Grass” and a green squa e =, uen hearing “Snow.” The child 11 giv =n sever~! practice *.als
and is then presented with 12 trials, six of ach color, and each tri’ is scored _'thei correct
(1) or incorrect (0). The final sceze represer, tne sum of all corr :ct r.sponses (0—12).
Interrater reliability for Grass’Snov was « = .54. Becaise of a chasge 7. the protocol, only a
portion of the sample (96 children, 8 /0) was Z.vc.. the opportunity ts plzy Sress/Saov .
Therefore, analyses involving Gra‘s/Sp ,w only inclua:d ti ese 96 ca es. Chiirea wh, had
scores for Grass/Snow numbered 50 (13%) at 30 mor_hs, " 7 (80%) at 26 m( nihe, and &?

(85%) at 42 months.

)duosnuep Joyiny vd-HIN
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The Grass/Snov 2!z Lo, Leeu used 1 meny studies of this age range. The Grass/Snow task
nas been associa‘ed either “zliviu-.aly 07 as part of a composite, with other inhibitory
wuvtrol tasks (e.g., Lahat et « 1. 2012}, theory of mind (e.g., Lane et al., 2013), working

mern ory ‘e.g., Albertson & Shor-, 2008), language ability (Albertson & Shore, 2008;
Carlshn ei al., 2004; T unhat e* al., 2012: T z.ugua et al., 2007; Roebers & Schneider, 2005),
~.ad pare~.s’ reports o “i~.aibitor, control (F.senberg et al., 2013; Olson et al., 2011) and
exteraaliziwg problems ‘ulson ef ~',, 20 11).

Inuctentive-Hyperactive (I-H) Behavior Prokiems—I-H behavior problems were
*zlicu nnom the £ ttention Prok!iins subsezic of the C%ild Behavior Checklist (CBCL 1 ¥42-5;
Acbzilacn oo Kescorla, 2000 Tie Achentien scales . re among the best normed and most
widely used measures for behavir- problems .. this age -ange. They have good test-retest

yduosnuep Joyiny vd-HIN

valinkilIT wud sauste ctory cont>nt. ~7.ericn, a1 d con truct validity (Sattler & Hoge, 2006).
The Atte=*z., Trobleias subscale includes ¢ sun med 1.umns, including “can’t concentrate”
an! “cen’t o1t sti'l * with a total possible score of 10. Parents and secondary caregivers rated
whe ‘her a beliavior was “not true,” (0) “sor.cwhat o1 ~ometimes true,” (1) or “very or often
true” (20. We refer te L \ttention Pro’sleme subsc.'e a. measuring inattentive-hyperactive
("-F proble~.,s. The A+ _ution Probleias s 1bscale hr s be 2n interpreted as a measure of
APIID symntz.us because it assesses vhe thuoe utmen~.ons of ADHD symptoms: inattention,
hyy erac 1vity, and impulsivity (Lifford, Ha.2!2, & Charw,, 2008). It is associated with other
measures of ADHD, including *he Conners ra*2.,g scale (Cuwners, 1973) and DSM-IV
symptyms of ADHD ( “.nerican Psychiatri: A<~ociation, (00 ; Derks et al., 2008). In
additious, it ha< been shew . to measure ADHD as well as “.c Ccnners Scale does (Derks et
al., 2008), with ~uong sensitivity and specificitv {Cnen, Faraone, Biederman, & Tsuang,
1994).

When possii'e, second~:, caregivers also filled o it the CRTL. A ma ority (82 families,

yduosnuep Joyiny Vd-HIN

68%) of the participating families had secondary curegivers fil' yut tt e CBCL at least once.
Cronbach’s alp 1a ranged from .60 to .63 ir the parer* .¢ported T i1 problems and from .36
to .76 for the secunaat 7 caiegive’ -repor.ed I-H proble ™2, aependin ; on ‘he age measured.
The low-to-moderate in ‘ern: - cons’stencies were accepteule for ti.= presen purpose because
we had no expectation .at chi'uaren so ycug would de11on strate as ~~aere at and consistent
a set of problem beh wiore as older childre, be cause of hitea reperte.e and limited
opportunities for such oehavior to be se<.,, and t scause the v v ,uld work _.gainst o
hypotheses by making it less li':c1y to dete. . n association with Lwer vari=hles Children
who had scores for I-H [ roblem< L.umbered 117 /©5%), 109 (1%, and 108 “5047%) ar 20, 36,
and 42 months for parent-report problems, resrzouv tly, and 5% %s%) <7 (48%), c.a 49
(41%) at 30, 36, and 42 months for sezundary car_giver-reported problers,. Of ~Ludren with
I-H problem ratings, childrer Z or more s.andard deviations abov > the pop»!.uon n.an (i.e.,
T-score > 70) for either paren.=’ ur seceuary caregiver.’ ratings num’.ered 1 (i’ at .0
months, 1 (1%) at 36 months, and 2 (3%) ~. 42 monu s.

Procedure

)duosnuep Joyiny vd-HIN

Assessment at each age, 30, 36, and' 42 mouuws, consic.ed of a home visit ~.u a lab vieit one
week later. During the home visit, graaua*> ~*=dents or 2usearcl assistants 22.unistered 2o
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DAS and gave th~ ~2r2il o yuosuonnaire Yacket including the CBCL. During the lab visit,
we co'lected the anectionnzize paur ot and die child participated in the behavioral tasks with
L vome u experimenter. 'n tcta'; the f.ial behavioral battery included 19 tasks related to
paret-c.ild interaction, i1hibitory control, attention, motor inhibition, regulation in reward
situat'ons and emoticw regu’ation. The r~csem study focused only on the self-regulation
¢asks invor ing inhibi o7y contr2l (Bird/A1': zator, Grass/Snow, and the Shapes Task).
Wri*.en informed conscut was ob*zinea from all parents and secondary caregivers. All of the
author;, complied with ATA ethical . tanc ards i weir treatment of participants, and the work
w.s approved by the relevant Institut onal Revie. goards.

Missia Data

We examined whether there w»- systematic n 1ssing 1ess in scores for language ability, self-

yduosnuep Joyiny vd-HIN

regulaton, and beha ior proble »< us a fun-tion of ch'ld s:x and family SES. Children

. 88iL g scores, for 1m.aguage ability did not ciffe: from children with language scores at 30
(f[t.74) = 1.07 p=321), 36 (¢[5.28] =—0.13, p = .903), or 42 (¢[14.58] = —0.84, p = .415)
mon ‘hs in *_rms of family SES. Males ar 2 temales diu not differ in rates of missingness for
langua_e ability sez.es at 30 (x2[1] = C.86. » = .353, 36 (not enough missingness in

L. m guage <uulity for ~Li-squared test), or 42 (x2[11= 0.1 ., p = .704) months. Children
missing sceres tor all self-regulation ta. ks did not difler from children with at least one self-
regt laticn score at 30 (7[1.01] =—1.19, p = .444), 36 {,{0.42 = 0.20, p = .848), or 42
(7[12.78] =—1.10, p = .291) »unths in term= ur familv €ES. n'ales and females did not differ
in rate ' of nissingr<.s tor self “cgulation a. 25 (not enougl. ..issingness in self-regulation
for chi-squar.d test). 25 (g2[1] = 0.05, p = .820), or 42 %, "[1] =139, p = .530) months.
Children r iissir.g parents’ and sece: dary careg.vers’ rati=z> ¥ [-. T problems did not differ
from chilcren vith at least une I-H » oblem rati=g at 30 (not ~aou,h missingness in I-H
problems fcr ¢-test), 36 (#[7 271 =0.33, p =.747), or "2 (¢[8.451 = -1 67, p = .520) months in

N~

terms of family CZ5. Males and females did not d.ffe~ .u rates of .nis: ingness for I-H

yduosnuep Joyiny Vd-HIN

problems scores * 22 {550 cuuugn missit gness in I-H preticms for _hi-squared test), 36
(2[11=0.03,p = &A7), 0r *2 ("1 =07%3, p = .806  mont-,. In stmmary, there was no
evidence of systematic mistincaess <. language ability, se'~ieglat. ~n, o1 [-H behavior
problems as a function o ° child cox or familv SES. As a resv!., e 'id 1 ot i 1clude other
covariates in the mod_is to ~ccount for missing ness.

Statistical Analysis

Cross-lagged panel mod-~is tested t+_ 1ongitua nal ssociation betwez.: langu-s. akility and
self-regulation, and wheti ~. self-regulation medi~t.1 the effect of ‘anguac: apility o= iater I-
H behavior problems. All path analysis ~.oaels wer< {it using Mplus 6.12 M Twhér &
Muthén, 2011). Mplus implem=:..s full inf~..nation maximum li} elih yod estim~*~n, which
is a robust estimation methoa wh-., data . missing a. vandom or vomz.etely at randcm. All
models used maximum likelihood es.imatio= wun 1 hust tandard er ors .0 .ccHun' for the
non-normally distributed data, except for the longitudiial 11ediation mocls \‘hich ured
maximum likelihood estimation v ‘ith Hootstrapping. F.ecar.se of the reictively 1 -uall sariy <

)duosnuep Joyiny vd-HIN

size, the models included manifest varichles or'; (no la‘ent variables). We useZ raw scer. -
rather than standardized scores for la.cuage ability, self-resuiation, and 1 H bekzvior
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problems to all~ €2 2.\ du (1.e., cnangc s in means and variances) over time, in line with
recom. mendatior s for =naly=i... iu-zitudi-.al data (Willett, Singer, & Martin, 1998).

Pati anzlysis models, such as the “.10dels in the present study, tend to have few degrees of
freeaym. RMSEA and - ¢lated 1t indices ar= pc or indexes of model fit when models have
i2w degre~s of freedc m, ~articular!y ror smal's, sample sizes (Kenny, Kaniskan, &
McCrach, 2712), as was “.,¢ case in the present study. Thus, we followed Kenny et al.’s
r_comrcndations not to usc ’MSE A, aid rather *. estimate additional paths to check for
bet’.cr model fit. We compared propo 'ed 1.10dels to -aodels estimating additional paths using
lilbelil o G rauo cests from Sate~. a-Bentler coaled chi-square statistics for non-normal
onteames (8 ia & Bentle r, 19€%). To deter,une if th. 2 proposed model fit the data well,
the proposed “simpler” model was *2sied agairz. a . atut wted “full” model with no degrees of
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freedam ond =220 0 fit. The fu'l mod=! ¢s ima. ed the ada tional covariance paths necessary
for a satnirated ~0del (with all variances, cc vari \nces/ < .iessions, and means freely
esiimaizd) if the {ull model fit better than the proposed simpler model, it suggested that the
simpler mod-: sacrificed accuracy for parsi=.ony, and that additional paths (resulting in a
se’arate” model) were z.cessary to accunt 7. wie ~ovariance structure of the data. We
telesced the £:1i model »= we baseline mo «el if it ha 1 sig nificantly better fit than the simpler
modzi. Otherwiz., we selected the sim»ler .2~2_1 as th - baseline model for its parsimony.
We ther used the baseline model for subscment 2, alysie .. d interpretation.

To de‘ermiine the directior L1 et.ect betwe u langu2z e avility « nd self-regulation, we

examil e7 cross-1-gged pane! uodels of language ability and -_'f-regulation. The proposed,
simpler mo~els inc'.ued 1) autoregressive paths of I~..guage »* ity and self-regulation
across tim 2, 2) concurrent covari.uc 3s betwee. langr~ ¢ abih y a.'d self-regulation, and 3)
cross-lagg *d re oression paths fror: language to 1ater self-r-.ulatic.a and from self-regulation
to later lang.rage. The fin'!, saturated model incluc.u the for= uiditio,al within- and across-
construct covariances. After selecting the simpler « - ull model s the baseline model, we

yduosnuep Joyiny Vd-HIN

compared the 1 wagunituae ot each directioi of effect: a) '.uguage »~.iity to later self-

regulation and b; ..i:- ‘egu ation t later :anguage abi'itv “wve detert unc the direction of
effect by comparing: 1) the .v.agnit-ue of the regression roefficients v eash direction of
effect, and 2) the model “it afte” successive', -onstraini g t'.e rezre.sica pi ths to zero for

each direction of eff ct.

We examined whether language ak:lity had a dirc ot effect o.. later I- 11 oehavior problems by
examining Pearson correl~ions. To AZwermine whe ther self-re sulatior .uedic ..+ *he »ffect of
language ability on later .-H Uehavior problems, w= used a loi gitu 1inal meZ.ation me2ci
recommended by Cole and Maxwell (200?). I'he pre yosed longitu~inal medi=.'on nodel
examined whether 1) language 2% uty predi~ioa later self-regulat on runtrolline for prior
self-regulation, 2) self-regula ion rrcaicted luer 1-nn L~havior prov'cms controlling fo - prior
levels of I-H behavior problems, 3) I~.aguage <Ll ored. ted later I d bruc vicr probli ms
(controlling for prior levels of self regv’ation and I-H »ehe vior probi=m:), an1 4) whr cher
the effect of language ability on [: ter '-H behavior prr oler is was medicted Ly eli-

)duosnuep Joyiny vd-HIN

regulation. The full model include 1 ot >t possib!< withi.- and across-construct uvarianc-.,
to account fully for the covariance s.ucture. Indire~. effects =, >re tested .y boote*.appini3
95% confidence intervals from 1,000 bootstrap samies, as rec~ mmended oy Shrout and
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Bolger (2002) for #22t2 UL icaiauon with small-to-moderate sample sizes. We examined
paren. - and secodary care’I. ci-ia- .d [-H oehavior problems in separate models.

Recsuns

"he Pcarsen correlations Fetween vo.iables in e study along with descriptive statistics
(mear-, star dard deviutiors, minimum », and maximums) are presented in Table 2. Cross-
12 zged models tested the lorz.wdinl asociation Fetween language ability and self-
reg>.iation as measured by the severa' bel . vioral ta: ks. We chose to analyze the behavioral
tasks earniilly, rather than crestiug a comrusite self-regulation score because the tasks did
not sienificar+!-- _orrelate ai all acz,.

Direction of Effect between L anguage apility 2~ 1 SuIf-Re jul: tion

yduosnuep Joyiny vd-HIN

The model reerltg are presented in Table 3. 'n th ¢ Birc/ “iugator model, the full model was
on'y mrgivally Ftter at fitting the data than the proposed, simpler model (x2[4] = 8.21, p
=.(84), so fr. its parsimony we prefer the rzuposeu model as the baseline model.! In this
mwodel (s.e Figure 1). ' uage ability 7. 30 mouuc was positively associated with later
Rird ‘Alligate- self-regul~ion at 36 month s, even aft :r controlling for prior levels of self-
regr!.uon. Lansuage ability at 36 mot ths !~ p.edict-d later self-regulation at 42 months,
cot troll ng for self-regulation at 36 monu.z Tn ~*l,cr worZs, children with more advanced
lang rage ability had greater imnrovements in R, wAlligat. - self-regulation than children
with 1 >ss advanced lanczage abi ity. The oy posite airectio 1 of zffect, self-regulation to later
languag . ability, was non- significant at both ages. Constrai=.ing to zero the paths
correspond.ng te e direction of effect from lane:.ge abilitv w 'ater self-regulation resulted
in significantly worse model . (x*[. ] = 23.84, » < Sul). Con: traiing the paths to zero
from self-1 >gulatior 4y 1ater lanzuage ability, however. 74 not si¢ aificantly reduce model fit
(2[2] = 1.6%, n = 430,
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Likelihood rati » wsts revealed that the fu.l model for th< shapes Tusk was better fitting than
the simpler moaz! {; (4] = 12.14 o =.00), that is, sc me Luditiona’ pai"s were needed for
an optimal account of ti e dat.. The (all model was select.d as thy bascline model. In this
model, language ability .t 30 a~.d 36 montr: vas positi ely assc~iav2d with later Shapes
Task self-regulation .t 36 #.id 42 months, -espc ctively. Ti.e cunverse w2 not true, however,
as self-regulation at 3" and 36 months fai!_d to jredict sub sear~. langua xe ability - ¢ 36 and
42 months. After constraining t+< paths to ~. o ft ym language ah*li..y to later sc (f-regulation,
the model fit significant!y worse 2’1 2] = 17.8), n-=.001). Af er cristraining Ziue 7uis to
zero from self-regulation .o later language ability, nowever, thote “was ne Lignificart cnange
in model fit (y2[2] = 1.35, p = .510).

For Grass/Snow, the full moc =l fit “Le data = guirican:'y better thar. (e ~impler mode: My3(4)
=15.28, p =.004], so the full model -vas sele~t_d .. the Laseline mor.el. 1. ‘he Gra: s/S 0w
model, language ability at 36 mon’as w.s positively a: sociated with self regt lat.on a* 42
months. The association between lang aage ability at ?J m/nths and se!f-reg 1lc ticn at 36
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months was non-significant. In ad litio. self-rec:iation .t 30 months was non-=:gnificart .a

IThe findings were substantially similar when examining the saturated mode!
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predicting later '»=2zu22 0 wuiiiy aw 30 mo.ths. Self-regulation at 36 months was also non-
signit cant in pre dicting Jat<r luuge .ge abldty at 42 months. With the paths from language
2uility o later self-regu.atio. e unstra’aed to zero, the model fit significantly worse (x2[2] =
65.83, p <.001), but witl. paths f.om self-regulation to later language ability constrained to
zero, ‘her. was no sig-uficar’ change in ~.uael fit (x2[2] = 1.69, p = .430).

To de’ermin : whether the ,uronger assc ciations between language ability and later self-
r_gulation than vice ver. a ~~..ed to 11e h. gher rar': order stability of the language ability
me.sure, we examined the lagged as: ociauons in mydels without controls for prior levels,
ht o421 Csuinan g the cross-tivio covariar.es. The findings were substantially similar,

snooacti== 11 e differenc =s ir lagged aseriations ¢id not owe to differences in cross-
time stability. We also examined th= .nodels whou ¢ xcluling the 5 children with language
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scoree that 222 2 more star. Jard 42 viacons below the »opulation mean. The findings
remained sithet~ntiall - unchanged when ex ludiag the *- outliers.

Direct Effects o. Laigua4e Ability on I-H Behavior P, vi.:oms

We exar.ned Pearse= coirelations to d sterneZue wiothe: language ability had a direct effect
't beh2-,ur proble+.s (Table 2). C ons dering pe.ent reported I-H problems, better
larzuage abili*, at 30 months was concurreu..y associited with fewer parent-reported I-H
belavio - problems, and language ability a. 22 =. 50 me=.us did not predict later parent-
repo.ted _-H problems. Considering secondary caregiver-icpotted I-H problems, language
ability at 39 months diZ not prea’ct later reporte o1 1-H prcbleras at 36 or 42 months.
Language abi'i.y at 36 m_uths, however, was negativelv ~Zsocic ted with later I-H behavior
problems 7 ¢ 42 r.,onths. Thus, there was some ev:.icnce that lang rage ability came to be
associatec wit 1 later I-H be*.vior p1iblems. Desriic the lack «.fa tatistically significant
association betw 2~7 ianguage ~uility at 30 months and I-d problcs at 42 months, the effect
was in the sai>= dire~tion as hypothesized.

yduosnuep Joyiny Vd-HIN

Because of the association at a shorter tin ¢ lag of 6 m<..ths (language ability at 36 months
predicting seconuary careg ver-r-portes (-H problem: »* +2 months), tueve was evidence of
possible attenuation in t1e a. ,ociat’on with a longer time rag of 1. mo.ths Researchers have
argued that in the case c: a dis*ul effect of . p.edictor o1 an outcome ~<ne r eed not establish
that the predictor is « ssoci<ced with the ou.com in order . test mediati Ln (Shront & Bolger,
2002). In the case of ¢ distal effect, Shr~w. and I olger argu =d *..at medi»*.on tests <*.suld be
guided by theory of a mediatirz process. Tlic ¢ is strong theoret’ _al supper* und'erpinning
the hypothesis that langt age serv<, a self-regu'at<, y function and .uat self-r guizuown
deficits lead to behavior problems. Thus, we evz.unmn2d self-reg " uuon = 50 montk- as a
possible mediator of an effect from ]2 cuage abi'*ty at 30 months o I-H % uavi 7 problems
at 42 months (i.e., an indirec* citect fror: language ability to I-H sehevior rrouicin. via self-
regulation).

Longitudinal Mediation Model

To test the cross-lagged mediatior al n odel, we focsed ¢ 1 the Bird/Alligawr task tc.caus
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of its 1) consistent association with languagy ability, ? larger sample size “..an Grass/Snow,
and 3) stronger model fit than both Grasz/S~27, and th= 5Snapes Task in th > =l.upler mod_!
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relative to the "' 2221 {parucuiarty tor secondary caregiver-reported behavior problems).
ror th=> model pi=dicting prri.i-wv urted -H behavior problems, the full model was
sighificantly better fittin g thn tae sir.pler model (x2[13]=27.17, p = .012). In summary, the
find ngs »ffer possible suoport fr. the proposed mediational process from language ability to
self-r»gul. tion to pare.it-rep~ited I-H preliems Language ability was positively associated
~/ith late- s If-regulat. o». rrom 2Z 10 36 (B = .56, p=.001) and from 36 to 42 (B =.25,p =.
050 montt.. Self-regu’auon was - ot a. sociated with later parent-reported I-H behavior
problezas from 30 to 36 .unths (f = —.0.5, p = 510, but was associated from 36 to 42
ronths at a trend-level (B =—.19, p = .066). The <liect of language ability at 30 months on
parent-reported 1 -H behavier problems =i 42 months \ 7as also not significant when including
Sewmtogulation as a mediator (P - .05, p = Gu3). The inlirect effect of language ability at 30
months on parent-reported [-H h-l.avior prob: :ms a 42 .vmonths via self-regulation at 36
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Savuaus was not stati tically sigificaat at the .S leve! (B =—.07, p = .107), but was in the
avpectia uuw-aon and the 95% confidence ‘nter val onuy slightly overlapped zero (—.15 to .
01,

Fr. the r.odel predicti= “econdary car.giver .awd [-H Yehavior problems, the findings
( ffe~ stronger ,upport fo- wie mediatic nal 1ypothese; (F gure 2). We selected the simpler
mo-zi over the “uu model for its parsiiiony 2-2ri3] = *7.83, p = .164). Language ability was

.
s

positive 'y associated with later Bird/Alligotor <e!Zregul~tic1 from 30 to 36 (p =.001) and
from. 36 17 42 (p = .005) months. Self-regulatir=. was negz.. -’ely associated with later I-H
behav or 1. roblems from Su to 3¢ (p =.020 and #um 36 t)> 42 (p =.001) months. The effect
of lang..age abili.y at 30 »unths on I-H behavior problems .. 4.> months was not significant
when inclv uing <<ii-regulation as a mediator (p = .ZuV). The iutirect effect of language
ability at . 0 months on I-H h<l.aviol problems at 4 .uonths vra se f-regulation at 36 months
was signifizant R = .14, 95% i =—-24to —.04, p = .027). Find ags suggested that
language abii*tv had == wdirect effect on later I-F. behavi<, probi>ms that was mediated by

yduosnuep Joyiny Vd-HIN

self-regulation. Specifically, children with poorer language ak‘lity de/eloped poorer self-
regulation relat ve to children with better 'anguage ak.uty and ‘.. aurn, were reported to
show more I-H behavir p1ybler.s tha~. children with - uer self-reg ulativn. The effect size
of the mediation effect \7as calcul~.ed as the ratio of the .ndirect ¢ fect ove - the total effect
from language ability »* 30 m~aths to I-F vehavior prot len s at 42 n.oaths which represents
the proportion of effi.ct > _diated or Py (S.wrou® & Bolger, 2002). The _stim='e o€ Py was .
80, suggesting that 80 /6 of the effect o* languagq ability or 12%cr [-H bet.vior proticms was
mediated by self-regulation. P, contrast ‘e .?y ¢ f the non-statsacally <2, ific int
mediation effect in the p.rent-r~;,urted model 7=, .61. We re- 2xar uned the n ediation
models when excluding the 5 children with 12~ zuage scores that were 2 or more st wndard
deviations below the population me==.. t'he find*.,gs remained su’stanti~iiy unc..anged when
excluding these outliers.

To examine the specificity of the ro'. of laruage au:lity \1s opposec to senra inf:lli',ence)
in the development of self-regulat on 2.1d I-H behavior proslems, we re-c~1.ined th.
mediation models using nonverbe | abi ity instead of 'angu age ability. 1.~ indiroct effeo o€
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nonverbal ability on later I-H beha 7ior . zohle=,; via se’-regulation was not ~.gnificant fu.
parents’ (B =.00, 95% CI=—.04 to .u.S »=.96F or seconaary caregivers’ (B = -.04,95%
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Cl=-.14t0 .05 »—.1C5; taungs oI 1-H problems, suggesting that the mediating effect of
self-rc gulation 01 I-H heha . piciems was fairly specific to language ability.

For com»leteness, subse 'uent me~.ation analyses examined the Grass/Snow and Shapes
Task. In tae longitudin~i med’.tion model .« the Shapes Task, self-regulation did not
11ediawe th. effect of .aneuage abi'ily on later parent- (B =—.01,95% CI=—-.08 to .07, p =.
882) ~r secc adary caregiri-reported (v =—.02, 95% CI=-.17 to .12, p =.769) I-H
Fonavie. problems. For 3r-ss3now sel -regulati- 1 did not mediate the effect of language
ability on later parent- (§ = .00, 95% CI= —.04to 1 1, p =.994) or secondary caregiver-
rena=t- 15— .U.,95% Cl=— "1 10.17, »n~- .047) I-H behavior problems.

Discussion
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Based on the general hypothesi. *iat the develc nmeni of 1 'nguage is involved in the
acvelerment of sel“-regulation, the present : t°2y tested five hypotheses. Findings provided
at 1rast -urtial ~apport. There was broad support for hypothesis 1 that language ability would
be »_socia*cd with later self-regulation. Ve found that \anguage ability was associated with
:hang~s in self-re_ulation, as measure 1 by all three 11sk: (5 of 6 cross lags). There was also
scpport “L all three ~.odels for hypoth :sis 2. that th< dirr ction of effect would be stronger
frc m laner:.ge ability to later self-reguiction than vi~e versa. Self-regulation was not
assc ziatc d with later language ability (0 of 6 cross '=gs). Th: re was limited support for
hypo.hesi: 3 that language ~Lii1 y would b~ associate .. :th la‘er I-H behavior problems.
Althou gh '.nguae= uoility at 25 months pre *.cted later secono-ry caregiver-reported I-H
behavior prrolems »* :z months, language ability at 22 inonths lid not significantly predict
later I-H  roblrms (though its eff=.. was in the same di=_cuon).

Because ot the tucureticallv-‘z,iormed hypothesis tha* language sc. es a self-regulatory
function, we c..o*z.cu whether language ability n ight Lave an in lire st effect on later I-H
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behavior problems throneh ~21F 10 _Llaucn deficits in a lonciiudinal raediation model.
Findings from t1e Bird/Allie=t~= - _diatic.a model dc monstr-: a that language ability was
associated with change s in . elf (egul~aon (hypothesis 1) ar2 i.ot sclf-reg 1lation was
associated with changes ‘n secorzary caregiver-reportec [-H £zobloms ‘hyj othesis 4).
Moreover, for second~.y car-giver but no par °nt ratings of '-H n: obiems. .anguage ability at
30 months had an incire~. effect on I-H bei avicr problems at 42 m~.uns *uo 2 o21f-
regulation at 36 months (hypothesic £, as measu ‘ed by the ©ird/Alli..or task /- uc not the
Grass/Snow or Shapes Tas'z). in this P wAllizato - model, sel”-regulat: L acez.nted for
four-fifths of the effect 0.”lar_uage ability on later T-H behavior p-oblems. (" ildren w1
poorer language ability developed poorer 2% uty to i1 hibit responses .elative t~ chi'dren with
better language ability and, in tur~, were ren~:.cd to show more '-H t_uavior problems than
children with better self-regu'ation ™ ioreover, uuuvihal ability a’d .ot Lave an indn >ct
effect on later I-H behavior problems Zurough <~'¢ regula ion, sugges’mg *..'t tre i 2di ting
effect of Bird/Alligator self-regula‘ion c.. [-H behavio - prc¢blems wa : fa tly soeciiic tr

language ability (as opposed to g¢ ner: ( intelligence). T ind’ags suppor. the not.on Ziat
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language deficits may lead to I-H »eha ior proble=.:s by “.ffecting later self-regn!~iion
difficulties. We have interpreted the nattern of findir s even *-ough it we s not par-licic by
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results for two ~thor iiisuies wougnt to ‘ndex self-regulation. The three tasks may measure
aiffercnt aspects of eelf-reg:ilion 48 evitenced by their lack of correlation at some ages.

Hov cai it be said that ti e eifect =« language ability on I-H behavior problems was

statis ical y mediated b;, Bird’alligator self .¢;ulation even though there was no direct
«ffect vt I~ 1guage ab.'itv .t 30 me=.us on I-H Uehavior problems at 42 months? Shrout and
Bolgr. (200?) argued th2* une need no. establish that a predictor is associated with an
rutcom~, 1n order to test meZiation L ecar se medi~t onal tests a) typically have stronger
por.er to detect effects than simple b. variate associ- tions, b) can elucidate suppression
effacts .4 ¢) are particularly »zoiul in dev'_iopmenta! studies when the predictor and
onteame oo porally dist] as 7, as the ca<z in the pr >sent study. Moreover, Kenny and
Judd (2014) showed that the power *, detect th< incirec. effect is greater than the power to
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detect tha dizcct (B st Thus, Shroutf ~2u Lolg r argu=d t at tests of mediation should be
guided hv the~ rath >r than by an empirice | ast dciativ+ vetween the predictor and outcome.

Bas2d o.1 the <irong theoretical hypothesis that '22-mage serves a regulatory function as well
as r.ior fi~.dings that lan-uage deficits r.edict l2ter beh wior problems (Petersen et al.,
013>, we teste” und foun:' that langu: ge roility had an ndirect effect on later I-H problems
v.a Bir2/alligator cait-regulation. Altl ough we etserved no evidence of suppression effects,
the evidence suggests that the temporaly distal nat..e of th= direct effect of language ability
on l ter .-H problems may have attenuated the dir-_. effect There are several reasons to
expect that the effect of 12~ uag > ability 0. 1-H beb=, 101 prob'ems is theoretically distal in
late tod'd'z,nood /- ciative te ¢ frequency ¢1 measurement 1» e present study). First,
researchers lLiave hyputhesized (Frauenglass & Diaz 1 7¥5) an- orevious studies have shown
(Bivens & Ber's, 1990) that lanc.ag * has a del.yed eff_cc on s.If-1 2gulation, as supported by
findings ir. the rresent <.udy that !=..guage ability predicts '.er cbanges in self-regulation.

Second, given u.. -pan of 12 months between assc ssr.onts of the prec ictor and outcome in
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the mediation mod~! o£4,0 picsou stuay, it is likely that o direct #.fect and the resulting
mediation effec. were mor~ .U .aan if he languag e pred:_.or had heen assessed closer to
the time of the behavio al o wtrume. T.i support of the interz.ciaun hat th> spacing of
measurements may have attenus’cd the assoc’ation betv een lan2uaze adiliy and I-H
behavior problems, thcre w2, a simple bivaria. 2 associat.on Sefw_en lang .age ability at 36
months and secondar ' ruregiver reports of -H .ehavior problem« .. 42 n ont..,, bu* the 30
month language score did not pred:_. 10 42 monti s. There i.. consid-:apnle deve'upment in
language ability and self--_gulation -uin 30 t. 42 nonths of 7 ge, whiziima_~i.»77e
attenuated the hypothesiz >3 .ssociation.

Third, the deficits in language skill= a 30 mor“..s of age may no! be a= diagnosuc for the
development of later I-H pro rlems as Jeticits = la=mage skills a. 1a*_; agos. Indiviacal
differences in language may not be as “cliable and valid <t 30 months as af late - ag s
because language is so immature. Come ~uildren with defi :its at earl er . ges ma 7 catc's up to
their peers as part of normative in livir.ual differences .n growth rates and tryjc ctorics. This
is supported by evidence in the pr *sen. study that i~.dividal differences in 1anguas. ability
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appeared to become more stable in ‘ater ages. Altern-.uvely, there may hc- ¢ been
insufficient power to detect a direct eftec. usouciatior soparatea by 12 mo.iis, given noi
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only the specifi~ ~~=1- Sl ¢ ol 1language (evelopment but also the relatively small sample of
secon lary careg vere and f-i1;, wo .« intetnal consistency of I-H problems. Nevertheless,
wievious studies using s 'milc r w.0del nave shown that language ability predicts later

chai ges ‘n I-H problems 1imong ~aildren (Petersen et al., 2013).

Jor these ~ *asons, and' bezause of “L.c theoretiuly-informed hypothesis that language serves

a self egul-‘ory functior, n the preser t study it was important to examine the role that

I~.nguas. ability plays it th~ ueveloyme. 't of I-H © *havior problems by testing self-
reculation as a more temporally and causuity proxi=.al mediating mechanism. The findings
emnbool, o wie 11portance of tecang medi~tion longitdinally in the context of rapid
develon~z2 001 Cuange, beca 1se ~soumptione i station wity (i.e., constant relations among
variables over time) are less likelv #2 nold, whizii woulc bias findings in cross-sectional
modele (Mex--210 2 Cole, 200 7; Mav+,cll. Co.2, & Mitcl ¢ll, 2011). The analyses were
conservative ~~1 folls wed current best prac‘ices for a1 ~lyzing mediation with longitudinal
da a an1 brotstraz ping (Cole & Maxwell, 26u3; Little, Preacher, Selig, & Card, 2007;

Shrout & Boe'ger, 2002), which permits nor .ormau, distributed data and smaller sample

yduosnuep Joyiny vd-HIN

si~.es, pr-viding furthe- confidence in the meiuuuanal fidings.

As arecait, we conorude that self-regu laticn mav “aedis ce the effect of language ability on I-
H vehaviz, problems despite the absence of an obse<, ved divect effect of language ability on
later I-H oroblems. Language, self-regulation, an< I-d proh'>ms are constructs of emerging
impo. tanc 2 in late toddlert,oud. The effect. of lanerzgc v latir I-H behavior problems may
not be »v*ient urt 1anguae- okills have, wiw time, influence= developing self-regulation
skills, whic’, has bez.i nypothesized and shown to be .. delaye offect. The finding that
language : bility may ultimatelv L.av > an effect on late~ ;- prcbleins via self-regulation may
reflect a du velcnment=! cascade. <*..ular to other findings v liere th e effects of a variable may
not become “nown until '..er in development (Beustein, Hol.,, & Sowalsky, 2013;
Bornstein, Hahn, & Wolke, 2012; Cox, Mills-Kooi -g, Propper. & Ga iépy, 2010; Dodge,
Greenberg, Ma uue, & Conduct Problem: Prevention P zscarch Gruup, 2008; Dodge et al.,
2009; Lansford, . iuiue, L odge. Tettit. X Bates, 201 ): Masten et a”., 2005).
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The present study’s findings sue_est, althoush language abi'.cy 2t 9 monti s did not have a
direct effect on later ¥ dl beluvior problen s at 42 month. la~ov~_e abilits did have an
indirect effect on late - T behavior proble: 1s th.rough one vf the e<ii-regu iatia moasures.
Children with poorer language abi':ly develoned Hoorer sel.-regulat: L. on the Cird/Alligator
version of a Simon Says *-.« (relativz w chila-en 7ith better 'anguae< aoiliv,”) ~nd in turn,
were reported to show more I-H behavior probiems (than chilren with bet*<. self-
regulation). These findings are consistent -, ith the hy pothesis that '.uguage <. ves 1 self-
regulatory function in the late to-Jier years Tne findings do not :lirrwate the nossibility,
however, that language abilit ' cor'Z serve .aiuple ructions in the uevoiopment of 1-H
behavior problems. Alternative hypo*ieses h="- Lean pronosed, inclr.dins, 1. ng 1ags sk lls
allowing children to a) communic:.ce th.ir needs and have hem met, b) licit incuctive
parenting rather than punishment, and c) develop soci 4l sk 1ls that are protec tiv e Lgainst 7 zer
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rejection (Keenan & Shaw, 1997, 2003, Mentine _. al., ?J11). Future studies sh-aid exarae
the aspects of language important fo. self-regulatie~. of beh=~ i (e.g., pr vate sre_cn,
expressive or receptive language). Given the mode<? associatio’.s between l1anguage ability
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and Iater I-H beb~rric7 £.ouivus, wuture st idies might also examine moderators of the
association to id ntifv the child.cu or whum lagging language abilities may matter most for
“uc dev 2lopment of selt regt la*ion delicits and behavior problems.

The i'ndi,g that langur se ski'ls were assoriz.« 1 with the development of all three measures
 f'selt-ree. lation is ¢ msi,cent with previous ~udies (Berk, 1999; Vallotton & Ayoub, 2011).
The 1-.gged ' ssociations i~ e present . tudy provide support for the idea proposed by
r.evior, researchers tha* 12~ guage 11ay 1ave a del yed effect on self-regulation (Frauenglass
& Tiaz, 1985), and previous findings of such an eff _ct (Bivens & Berk, 1990). It is useful to
note 00 io aelyed associatiez, eliminates we counter-interpretation that the association
betwean 125 ayc ability an 1 performance o+ we beha rioral self-regulation tasks was solely
a result of better comprehension of “.sk rules. Tue 1'ndii'g that language ability predicted
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later eelfre~c1220 ., more stron zly th>z e col verse ‘s censistent with previous findings in
two samnlec +h~t lane 1age predicts later I-1" anc exter »~lizing behavior problems more
st1ongl 7 th~.a the _onverse in 4—12 and 7—13-year-old children (Petersen et al., 2013). Thus,
the ‘inding that language abilities may be ir:portam {r regulating one’s behavior may also
be waue i, early childh~ . Finally, the finding fia !angurage ability had an indirect effect on
teceudary camogivers’ (e 2., teacher, b ibys itter) repe .ts, ut not parents’ reports, of I-H
beh~~ ior proble,s 1s consistent with p-ior I»-i..gs of “ronger associations between

lan ruag - scores and teacher-rated behaviur nrob!zias th== | arent-rated (Lindsay et al., 2007;
Pete.sen >t al., 2013). Functional impairment recuiting fre... ianguage and self-regulatory
defici s ap »ear to be grez.cr in n ore structi red r~..-ramily chi d care and socialization
contexi, wthan i~ wme home Ivot all secondary caregivers in *..c [ "esent study were teachers,
however, s » other uitferences could be involved. .cn as miniu.:7ation of child behavior
problems >y scme parents dr=.ug ea.ly childhcod. Fuwre stud es s1ould examine the role of
language a1d sc'f-rezuiation deficits on behavior problew.s mn hor «e and non-family
caregiving ai.1 sociali~.uon contexts with observ. tional =.cwnods to 1plicate and extend
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these findings.

The finding that l..guige . bility “vas fo'ily specific 1.1 ite udirect € Teut on later I-H
behavior problems is ccnsis <at wit', findings from previ~as stuaes u.at language ability has
a unique association wit". beha- ior probler; “ontrolling for asp. cts of .1on rerbal ability and
general intelligence “cynar, et al., 1993; Fsterten et al., 2015, “vallotton % Avoub, 2011).
Thus, language ability uppears to be speris. in ivs associati »n vl behavi:r problen -,
particularly via self-regulation

Even though there was st o~ .cr evidence that lane>:1ge ability wa. associat-u with lat<, self-
regulation than the converse, the present «“uay does * ot rule out th< possibili*; thai the
association between language ak‘li.y and se'T-regulation may be ranrsactional. Tt is possible
that children with better lang.'age ~Liity m~, ueveloy better reguiciory skills, which 11 turn
allow them to control their behavior ~.ud foci= Licis attenion in a wa/ the. p roi1ote s th 2ir
ability to learn language. Thus, alt'ioug’. our findings : ugg st that lai gu. ge aili.y ler.ds to
changes in self-regulation more s the a self-regulatio’. lea is to change~ in L ng = ge abilits
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across intervals of 6 months to a y *ar, v’e have r<. elimi.iated the possibility th~Z, perhar- .n
shorter time frames, a child’s self-re_culation is alse unporta=? or his or L. =r lanerzge
acquisition.
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One limitation ~¥*-2 ziscu sway result: from the extent of missingness in the secondary
caregiver report: of attenticz L.ous- .ns, wiich may limit the power of the mediational

.t lyses and the genera izat ili*y of th.¢ findings. About one-third of the families did not
nam? a s>condary caregi -er for t.eir child, presumably because they did not use any single
secor.larv caregiver f2r mor~ than 10 hei.s a r.vonth. This is plausible given the young age
<fthe ch’ia (prior to t rical prec_uool age® .ud the general prevalence in our sample of
mothers who were not ~.aployed < itsic 2 the home.

Ar sther limitation is that scores on ti e vaiious self egulation tasks were not highly
coreolzl G aveach age, and in <2.ue cases *noxs were »egatively though non-significantly
asencintod 10 sird/Alliga or a4 the Shar~, 1ask at 30 months), suggesting that the tasks
may reflect different dimensions or —umbinati~z.s 0.”seli-regulation and other task demands
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(e o warlin~n o (ty). Neveitheles, iar zuay e abil ty p edicted subsequent self-regulation
as measured kv 3]] th 2e tasks separately, sc lan,-uage ~“.uty appears to be important for the
de relopme-.c of swif-regulation irrespective or the measure used in the present study.

Hon ever, the association depended on the r*iia s age (e.g., language ability predicted
srisequeat self-regul=* v, in the Grass/snow ‘usw *om 36 to 42 months but not from 30 to
2 r.onths). ©C.uy one of e self-regu atic a tasks (B rd/,lligator) mediated the effect of
lanciage abilit- un later I-H behavior probia~z, suggesting that the tasks may not reflect the
san e as sect of self-regulation. Nevertheiczs the Sird/AV g tor task had a larger sample size
than Gra. s/Snow and stronger model fit than th< 5Snapes T...« and Grass/Snow, which may

partia ly e.'plain the no» .nediat. on with th > othe~ .asks.

The differer.ces in f..uings may also, in part, owe te Zirterence . in the tasks’ developmental
sensitivity Bared on missing d=*. (s2e Methoc sectior), and p1)po tion correct statistics (see
Table 1) potemally ref!_cung tasl- Gitficulty, the different *Lsks ar peared to have different
timeframes of sensitivitv tu individual differencer. At 30 ar< 55 noi ths, the Shapes Task
was sensitive to ndividual differences, but childre.: egan to re>_n th : ceiling of the task at
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42 months. On we omer hand, Grass/Sno v was difficn’* (or child~_a at 30 months, which
may be why it ha. Gic highsst rate of miLsingness at - 0 »=uuths, yet 1 wnded to be sensitive
to individual difference. at . £ and 4~ months. In contrast, Bird/A'ligzator tonded to be
sensitive to individual di feren~cs across th2 7hole time fra ne, os.ib'y be cause the puppets
made the task more ~ngagi-.g for the child en. 3ecause ci.ildic. uevelor ut different rates,
we wanted a range ot *.sks that, as a whe!_| cov >r the rang 2 of ~ges and a»ility leve!~.
Collectively, these three tasks arpcar to have acc mplished this ¢Zai. Our findigs may
prove useful for underst. nding the Jevelopmental _tility of th 2se cc.amonly *oe! usis. A
final limitation deals with (e correlational nati=2 vi'the mode. d=,ign, wlich preves.s us
from ruling out the possibility that thir? variables ~ould account fur the as=ucia ie7 between
language ability, self-regulati~z., and I-H “cnavior problems.

The present study had several strengt’is. To oz Liucvledg 2, the preseat st.a 7 is the firs: to
examine the longitudinal associatin be’ween languag  ability and sc 1f-1 >guli ticu in = cross-
lagged model in order to clarify tl e dc velopmental prces:. The study ncor o =*.d sever.]

)duosnuep Joyiny vd-HIN

measures of self-regulation, with 11ultiple behav: ural tasis of self-regulation, br:iiaing int~
the study a form of cross-validation of the associati~u betwez.. language 1bility »=.a asp. cts
of self-regulation. Third, the study evaluated both r..ent and srcondary caregiver ratings of
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child I-H behavi~r mzctlicius. Tinaly, the “tudy examined self-regulation as a mediator of the
etfect of languag e ahility 0~ l.ic. i-.1 bebuvior problems to clarify the developmental
Zucchat isms.

Addiione | research is ~.ceded  (he present ~tuly involved a community sample. Future
ttudies are needed to »xa~.uane the ~uie of lanclage and self-regulation across development in
child~.n wit 1 clinical lev2ls of behavic - problems. Of course, future longitudinal studies are
roeded Ur other kinds oi'rer.csentaiive, ~ommur: - sample, too. And future research might
als~ explore the effect of language in selt-regulatie~. and behavioral adjustment through
evneriz Ll tes's. For examnlz, ianguage uiiented therapy could be the experimental
variahle o 0 laguage and ¢ djustaent chanczs in resp nse could be measured. Language-
oriented therapies are time-intensiv: (Law, Ga=zaut, & Nve, 2004), in part because of the

yduosnuep Joyiny vd-HIN

extent nf diceozit [ amount o “langr~ge *xpcsure b >twe 2n normal and at-risk children
(Hart & Riclexr 1995 50 cost-etfectiveness would nec w be considered at the same time.
Fidin;'s frum the present study, however, suggest that language training may not be

sufi cient for preventing I-H behavior probl<.us pecase self-regulation may be more
crusally proximal. Altz natively, therefure, irteiveotion: could target self-regulatory skills to
y revent I-H kZlavior pretiems. One a ypre ach, Tool'. of he Mind, has focused on self-
regr!.uon trairig by incorporating as yects ~f % ygots! ian theory, including social play,
me nory and attention training, and the picmoti~~, ot priv.w speech (Diamond, Barnett,
Thoinas, & Munro, 2007). Research on the Tor!, of the M..: curriculum has shown that it
increases ) reschoolers’ Zaecutiv > function: (for = .¢view, see 3odrova & Leong, 2009).
Neverti.ciess, vo cannot ic out the possibility that some ~spects of language may be a
necessary 7 recur<or tor the development of self-re_ulation anu cdjustment. Future studies
using fine -gre ined time-scaleZ or in ervention: wil' Le necess: ry 1) clarify the
developmental prore,s betweer language ability, self-rezuiation, nd behavior problems in
order to iden.fy the h~.. target of intervention.

yduosnuep Joyiny Vd-HIN

The present stu 1y, wne 1irst study to exam ne the longitZinal asse<.iation between language
and self-regulatic.. .u o cross-lageod meael and to tes* se'-regulatic 1 o> a mediator of the
effect of language abiliiv on 'uter I-7« behavior problems provides supvor. for a model in
which children with poc er lanzuage ability- < 2velop po rer selt- veg l~.ion and, as a result,
impulsive and hyper «ctive Lehavior problc ms.
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Table “

P:uportion corrct for seli regulation tasks at each ace.

Age (monti §)
Ta k .o 36 st

Bird Al _ator .24 /4y 71
Shapes Task A 140 87

Grass/Snow 35 4 73
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p<.01,
p<.05,
fp,<.10.
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