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task wjrhn both rhc i\DHD mcl cortrol groups These finJnrgs

.,""." ,f.* ,,f.f.**,s rvnt ADHD lavc ;mpairmcrts in bodr tlic cognttirc teptc

.""iatl '" r,,,1 'r"I". p",.LLction of rfc plecise rirning ol I morof respo'rse

Attention Delicir llypcractiviry Disorder is a neurodevelopmentdl disor

d.. ;;; it tvpicalll fir"r ii,rgn'scJ in childhood' bur symproms continue to

, ; ' - i - '  i " , '  , .1 , , t . . . . ' ' . .  . rnJ  aJukh"od rD: \4 ' lV-TR Amcr i r ' . rn  l ) : "ch i r t r i c

i*".i", i.", loJo,. ,\ ir ir ly substrntive number of cognirive studies in inrJi '

uiduul, o,uh ADHD have irnplicated time perecplion ?nd time e\Iimrrion ds

Dotenrirrlly imponant cognitive deticits in r\DltD' including periortnance on

;;t.;' lrk. cl,.,reri.,n disc"ri-irtation' dutatjon reproduction' anticipation or

,".r* ii-i"*, and tapping (Barkiev, 1997a, 199E: BarHey' Koplowirz- An

. lc r 'on ,  &  N icMul ra r '  lqqT \onr rF '  Barke  : r r t "n  -E . ,1  
l r l l  l  r "&  Rub ia '

i;;";;'"y'"', T;1.., i.u-,''ui, t'villi"', Simmon", & BLrllmore' t99e; Rubia'

i""t.t., r"tt"., & Sergeant, 19991 \West Douglas' Houghron' Larvtcn'e'

w;i;;;;*, & Ciiasgorv, 2-000; Barklev, Eds'arcis, Laneri' Flercher',.& x4erevie'

zoOi 6-t t"l', Ni,r.ph,u, ec Bush, 2001; Kerns, Nlclnernev' & \\'ilcle' 2001;

il;;,e11.;, S,r,ith, i jkrr,t,,"", o'ermcy'r' & Newur'rtr' 20t)1: Smirh','rav

lur, \X'.r'ncr R,,gcr.. \c\r r'rrn E Rubia 2002: Bcn l;zi Cr''" l 'rrr' lJ(rc
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man, & Shrlev, 200l; Rubia, Noorloos' Smith' Cunning' & Scrgeant 2001;

i"t ' ir[ n.ltf l*., I lcrhcringron , .fohn ' & Tennock' 200])' [ lorvt"'er' re-

*l i, uf th"r. str,. l ies he,'c bcen r-rl ixccl' l ' i th somc' reporring- signil icrnt irn

nlrrmcnt in ADIID srrrlples !)n tl lcse ti lsks rnd some nol This ir-rconsrstency

l i  , i . i  " . . . . i ' , r ' "  " . . " ' . t ' l ' " t  i r  r "  f l " f m r n \ '  u ' r  l r l D r - r s  r r J  a r r i ' r 1  r  i " r

1 , . i , ' - , ' - , '  ' f ' .  t '  . " ' . - " , : ,h ' "  t " ' ' l y  ' ^  ' '  1 ' '  " ' ' r ' i l '  ' u r  r  o r  Ihcsc  i ' r " '1 \ ; {

rencies.
t . , u r i n o  . : . r ' 1 ' l c  1  ' 1 ' r  r : ' k  r F ' r t  " l ' r " r r l r  ' r r " l ' "  I ' r n i ' i p : r r t '  t f '

' l n -  j ' i i i " -1  . . . " . r ' - ' " i r r , ' ' "  p r -  . .  r . ' l l "ucJ  b1  r  l .Lc  r rop i r r '  ph" r '  l .  r l r '

ir.irrl."lr.,,lt ort.r5c, Pr'ticiPJnts are asked to tap elong ct rhe sdme pdce

;l;-;;;; i i .; o, vi.ual sti lnult 's' Alicr a perioci. the stirrulus clisappc'rrs'

, r n J o r r t , . i r , . u t r " r r c : s k . , l t t ' L i ) n t l n u e t d p P i n g d t t h e s a n l e p ' c e - . l h e t l r g c l
J " ; . i ' J . ; , t  ' ; . ' . t t .  .h r r  ' i u r  , r l '  t rn ins  rb i l r r r  i '  th '  r i r l r ' r  n r t r t i c1r ' rn r  r ' r r "

,bil in u, 'u,tJ,,rJ Jeti-rri 'rn trt thc intertap intcrvdls tor. I glven tldlvl(lLrar

irt* tgsi). M"aJity ,ind frequency h'rve been examined rs important r,' rri

,iiJJ ; irt. lit.rot.,." P.tfott"nce on visual rrnd euclitory tdpPing rdsks

ir"" fr""" "tt,tt;t*a' lnd it has been repo|ttJ th'rt pef"rnrince- tcrds lo be

motev l r jab le in thev jsua l than inxu . l i ro | }moJa l i t ies ( | t in ( j k ( .LL 'o \ t 'Lu tz '
iocchr. a Sheh. 2000; Chen, Repp, & Parel 2002)' L-rcquencies'-or rnterl ltp

ii,"^.ir. f l"*,rlsu been.ta-ined. 'rngrny, iL' 'm 100 rrrsee lo 2201) nrsecl

there is rcpc,rtedly nore drif i or latiahil ir) rt rh< longt-c thrn ' l t thc shotter

inrcrtap inrervels (N'tadison, 2001)

There has becn a tecent sttrge of intercst in tapping pertiumance in the

ADHD lite rature (Rubia. C)r'ermele r' Ta11''r '  Br;mrnr ' \\ ' i l l 'rms', Simrnons'

& Bullmorc, 19c)9; Rubia, Tavlor' Tallor' & Scrgtarrt lc)L)L): Kxbrl t ' l  dl '

i loir pi.r."t, Pi"k. r. Br.,nri,2002; Ben Pazi, ct t l '  2001) These strrdies

;;;;'.,;.i ;;";*. oi tasks *'ith ciifferent stimulus Prescntations' svnchroni

zation scheclules. dnd trequenc,v rares 
'Ihe stimulos prcsentations havt in

.lrA"a .'i..,"t, "uditory. or bc'rh visual and 'ruditorv modalitics An ahcrno

,i.* -",h.,.1 h*s b..ri " sclf-pacetl frec tapping task in.wl.rjch Paticipanls

,t" t"fttJ '<l rap 'r a tc'nsi'rcnr' seli-ch""'n pace Son' ot thesc sruJics have

examinecl syr-rchrctrizecl tapping, othcls harc c\rrnlncJ trpr'tng alttr 'r s-vn

.i l; i ;;;;,r;"t" u, "1.o ' j ip""d' free repping' The trequencics 1"^'e

ransed from 100 msec. to 5000 msec'' ' l ' . .,,,. ' i  
t l t. stuclics thar have exanined synchronized visual rapping rc

n.,r,".I ,t*,titi.n,t,lo raore intrr-tn'lividual variabiliry in the ADHD than cotr

i l;;.*;" lor tr..1u.nci.s bcruccn 500 msec ancl 1800 mscc. (Rubie' Tey

i;;, ?-"r'il, * s"rg'"r,.'t, 1999; Rubia, tt ttl ' 200)) ' but ru'o othtr strdics of

l isual tapping trsks reported no significmt gtoup diflerenc-es-in jntre-indi-

"id.r"l u"rinbii ity lor frecpencies ranginq lrorn 6llu rnsci to 
Tl"'n"t 

lR"t-

Lrir, C)"erm.ye., Teylor. Brammar, \0il l i :rrns, Simrnoos' & Bullr ' 're 1999;

ttubir, "r n/..2001). L)arriciponts wete asked ro tap fot at ledsr '10 taps on
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each of thesc trsl<s. Btn-Przi, rt rl \2001) rrsed a s1'nchronizc'tl.t 'rpping tesk

;;; "i;";:i;; i;"uirenc.v t'i the stinulus Juring the rrsk' an'l tlrcv rt-p.rtcil

, i  , ,  , i l r j r " "  " ' , l  l i J i  r n  l .  r  J t t l i e ' r l t r  ' r . l  t t ' t r ' ' :  r h ' r f  I ' r ' f i ' ! , r ' ' t '  
, t "  

t  r e

. l r f l . r ( n l  I  e \ l r  r n ,  i ( '  l ' ' i r i '  I  ' '  l r  p  ' c " l  t  cc  r r r l ' p  r ' :  I  r ' k  l ( r  b  r '  l r \ r ^ -

Iarlor. ancl Scrccdlrr (1999) reporrecl thar chi ldrcn "r ' i th ADIID rl isplarcd
'  '  , . , h i l  r r  r h , n . " , r " , l  t \ r ' l .  t . . i r . , \ r r l- i , . :  r r t i c . r r t l r  r _ '  r c  r ' r '  r  l l ' ! l l \ l ! l l r r l  \ ' ' . '  " ' :  

.  .
or -a  sc l f  c l 1o r .n  pace -  I n  eno the r  s tuL l \ '  P i t Lh r r '  t t . ' l  \ ) t l o2 t ,P re ' t n t c ( l  L )o \ s

u,ith encl rvithorrt ADIID a tdPping tJsk tr\ inq 'rut l i torv ' t jmull  rt  t lrc rJre of

l r x J  m s r c .  l h . '  f l . ' . r r c c  r r ' ' l s  \ \ r l c  ' \ n c l l l u ' l l / i ' i  l ^ ' l L ' r c ' l  b \  l \  r n ! ' l t ' l  J l J <

pl,.r]".,1, .J.-,iirlii '"pn-..1 th"" th" bult *'ith ADFID as a group clispl'rr

ed signit icrntl l  more variabi l i ty than boys in the control gttt l ' i ' '  
^  ̂ , ,^ ,

In g"rt.a"l,  i t  has becn reporteJ th't  Lrrft ir iprl lrs \ lrh ' f  lJtsl l , '  l r l lve

shorvn more difTiculty sitnchronizing thcir motor lespol]se \\ ' i lh d st lnltul l ls '  rc

t t " , f " . i . o a p r e r i o r r - l 1 l ' r c \ q l c d l r c q u r n ( \ ' J n ' l s r r e ' a r i n f ( " n ' : ' l r l ' c l l
u r ce . l  l _ . . l L l . n . \ '  t n  rn  r k i r l g  ' en . . '  ̂ r  I hc : ' c  l : r ' l i r * '  r r l  l r l l l ' o  l J . l l  \ l l ' !  f ' r r l

ilt* ;;; i ;;"ih". ,'h" .l"p.nd.'lr meas'rc cdptur's thc prrticipdnr's

,itiiii ,. ..r".rrr."ir" ,h"t' rup" 
''"tth 

'r presentecl stinr us or *herher the-

, r r , i . , t , rn ,  , ru5 l  m. r in lJ in  I  f r 'q ' ren '1  L . l ' c ' l  " r t  an  in l r rn r l  l ( l r rc ' c  l  r l "  r  ' L

;-;;;'l;.,i'' ;;"'""ted pace c'i genefdlc r consistcnt' inrtrnrLll' generrtetl

irni". Sl*"iii.^", clifterences seem ro dpPcar consistcntly in the t\\'o studles

lri rror.,p ditt"t.n."s on thc rdppins tasks that reil' on mdintendncc or gcner

"iii" "it"" i.,"t"rifv generatej-rcpresentation (RLrbia' Taylor' Taylor' & Ser-

;;. i ;;, Pit.h"., .z a/ ' 2002). Therefore . in the prescrrt smcly' * e de'el

l i - . i  ,  , rn r i . t  ra -k  in  uh i .h  th r  p r r r i ' i l ' rn t  r ' rp1 'c ' l  l1 -11*  d  \ \n ( l - r ! 'n : '? r '

, i " "  "1 r . "  i .u t  , \en  ,on t in red  lo  I : rp  l r  lhc  sJ 'ne  l \ rc (  t )11 ;  1 '1 r11 ' *c  1 :5  " '

. . . r n i i n . , ' h . r h c . ' n . l i , i ' l u r l ' ' r i r h  \ D l  l D h a t c  n r o r (  J i l l r ' u l l )  \ : r l l ' r r r ' r ' n r  r r l

i ; ; , ;  ' " ' ; ' " ; i t  rcp f ( ' (n re ' l  l reqr rcn '1  l ^ ' l ' ' r ' i n -u  - r  
- r rchr 'n iz r t i c r  I 'F  ' c

. , ,1 ro . .  r i ' r ra l  . - r rd  au , l i to l  rn ' ' Ja r i t ie '  a r tJ  t "o  t l i l l r rcn  l ' cq r r 'n ' r i '  ' ^ r -

" . , " , i  , "  ,nn ,n ' t  I ' J r r : . ip rn ts  f l ' c  J 'pen-J  n r  rnc ' rs r  ' - '  c i r l tu r ' J  th r ' r tu  t r r

J i '  i d r  r l  r r r i ah i l i t r  , ' l  I  l pp i " l g  r J l (  J r l - r  l l - r ' \ nch fo r l / : l t r nn  nn r : ' e

In aLlclition, n'e rvere also intercstcd in performanec tu rnt cl|'�tllon

tasks. as rhese tasks erc also characrcriztd bv the prccitr-r imlr!."t  ' r  molot-

resoonse. Anticipalory responding has been clescribed as the ebil i t l  to rcl jLtst

;J;' ;..".;;."J';; .oin.i.le prcci'elv "r'jrh rhe onset oF a srimulLr's (Smith' rr

a t , ) 1 , 0 ) . s i r . r i l a r t ^ r r r t u c d t J p p ' r ' c t ' t k ' r n r ' r i l r r t ' r r v . f c ' L ' ! n ( l l r r r - r l r ' l r e '
mrintenance of an inrcrnrt l  represent'rt ion "f tbe cLir jc'r l  JtLtrtr"n\ to rnl lcr

r"* rf t .  i t"o""aa* -r imulus -rnrl lo execute d response preciselv at rhe point

l i  i , ,  . . : ' r r . " , .  ,  ) n e  r L p c t r  r h , r  J ' l i i - c n r i ' r .  r ' r 1 r p ' r ' u  l r o r  r ' r r i  r l ' r r i " n

,".f.. i, ,i-r* i"pp.g trsk. invnlvc continuous rhythmic rcprotlucrion t'hile

",r, ia,1rr,, . ,rt  , . , .k, . ,r" 1"." contjnuoLls and less.rhythmic- Hou'ercr'  givc'n rhe

, , \ c r l d l \  i r r  l - r . o , n i r r v e  J . n " , '  r . l '  ' '  ! o 1 l  r ; 1 ' p i n u  i l n ' l  r n l l ( l u r l l ' 1 n  l r ' \ '  " n e

night cxpect thc perf irrmancc ctn thtsc nto trqk\ lo b( \ lqnLll ' ' rLrr l !  corrc

LxteLl.
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ThrLs f:rt. thrcc srutlies have proviclecl csrimariotrs oi onsct of a stimLrlus

i. ,loi' ib ,.t"rrf", lsontrgrr Barke tl '// 1998r Rubia' Taylor' Irrvlor'.& Scr

-",,.I' i iro, iiJu"- " l,. .lillll,,lin;:,,]: :..r,HiJ,l:";:t"l:l:lTl':,
Thcse ,ruthors c\d$lned i lccl l r?tcv (

J'';,;-;:; ,,r inf int"'u"t ' L)clwecn i ' tnd L5 sec Notoblv' 'r l l  three strld-

i e s u s c c l r c . t l i s t i c s t i l l ] l j ' l n c l a g a m c l i k e l b r m a t i n r ' o l v i n g l a n d i n g a i r p l a n e s
i;r";;;. 

'  
T;ti;;;. f, 'v1.,. '  .t scrseant lqe'r; Rubr'r ' ' .r ' '1' 2ottr) or rurnmg

liowning flccs inro happl'oncs (>onuga Barke' ' l  a/ '  l"q8] S''nuga Barke'

.t (/1. \19.)B) clcmonstr-arccl rlrat bo)s \\ ' i th ADIID ren'lcd 
l i l- l l : 

*-"

i-. i..r*'-^, ',",, i .. impulsivc errors) in uneucd 'r nonsign'rlcJ rriais rhan

.,r-n*-lL p"rrl.4r^nr,- Fut th" c"td ot sjgnaled conditions' Sonuga Blrke' r/

, l ' ig9dr t..p"t"' l  rh'rr th' h.v\ rvirh ADHD tended to make nlore overcstl-

-ur,L'n. ,,. '.sp,'nJeJ too i'rte lluiria' fa'vlor' T'rvbr' tr ferel11t- 
t'.t.999t

,"".r.,"a tr.r,,, .lhil.h.n n,ith ADHD ren,lc'l 1.r LrJkc morc "l n-i1::t 
:,-:t""

ff; i ' ; ;,; "; , l ;;, '1e'1 triols These re"tlts' the ref'rre ' sutrgcst rhar rhildren

*trr..'lirHii a;.iirv diificulrv coorclinating rheir response 
-in -tued 

end

rrncLrerl con,l ir ions Simjlaf to studles "t r ipping' impJirmrnt on,rh; ulctred

i;"1, su*g",,, inrpairment in the internal representrrit 'n ",1::.l l l:::l -"

; ; ; . , ; ; , .  O,,. go"1 tt"ts,ro txamire 'rnrieipatory fctpondLnq ulrng.snorter

er. l  longer duratio[ lntcrvdls tto m'rke it  ' tn' loguut to the rrppin-g t;sk-) and

,u "t "Jin" .rssociations betrveen performance on lhe antrclpatlon dnd t.lP_

oing tasks.""'"i;'; 
is e fairl-v substrntivc literaturc rvhich sLrggests that indivirlrrals

..,i,f.r ,^.'OilO l""l s.n"t"l rrl"tot clcflcits lstevens' Stovef' & Backus' -1970;

irir.ii" * n,t.i"f i'17E, ""n d"' Meere' Vreeling' & Serge'rnt' 1992:^Crne'

^1'--.'i t n.,i-.;., lr9a.,' pi.k. Pitcher, & Ilav, 199c); Sreger' Iorhof' Coutts'

Grrnclclfbeer. Stcinhausen. & l jrancleis' 2001); theretble' !"e chose to locus

;i,u' '.;..i,,; .."ri*"^ff"i r.iA, Lo examine more systemaricalll ' the inrernal

*n,",..,",r.,,,,f i,,i,',:::l*f ::,1JT[]ii:."?-;:;i:ili'1,1;;|'L::".':r , , r , r  \ \ ' r : i o r ' \  o l  l l , d  l J l  t ' t n g  L n ' K .  r r < ' r c  " " ' ' " ' :  '  _  
.  . -

+ili n r". ,na 1000 miec. intertep inrer.vals or frequencies. Thc anticipation

, ,ok ru r r " r ' i su r t l t eskw i thc t r cdendLncuedcomponen ts " rnd rv i t h in rc rwa ls
;t;*.; ,r. . ,  1000 mscc.'  an<l 2000 msec A Iange of durations \\ 'ere sclect

"a l" ,il" ,*,i.rp",i:l::,,:i - :T:".iil'.::::i::,'iil'x':"1'-J1T.li.l::lrli:
l o ' r , : c L  J r r r , . ' l i o r ' '  l l l ( l r )  n ' e r  ' .  J n J  / r r r r U  n ] ( ( 1  i  J \  r r r r \  ' ' " i '  _ :  '

. ' ,,pi,r. . l ;f l"r"nt cognitivc lrecharisms uith rhe shorter duratton cepturmg

proccsscs purpoltc(l to Lre rclateLl to lrr i l ternal t ining mechanisn and the

i.".*".. i,,'l ii."' ."u"llil.p:::::;:J:'il::ifi J';: \lT,'Ji,Tj'j',.t"'il;;l'lJ],
Anticiplr ion DlrlY occlLr ' t  evcn s

lhe ccrcbellrrm cxn rnl lclpi l tc a predicrccl st imr us { ' i thin 120--l ' l ( l  msec

,tfter prcscotetion tTcsche & K'rrhu' 2000)'

\Ye cx;rcctccl thdt pl lrtrclpxnls with ADILD t 'oLrld have mote diff icuhy



i

, I - I IT?IN(} AND AN'I I(- IPATION IN / \DII

with these tasks rhan conlrol particip'nts Givcn thrrt thc flctltencies ollrr

rations \r'cre natchecl in thesc tl'o r'rsks u'e erfecred thlrt pcrfilrm'tncc crr-r

itr.,"pping anci rnticipation trsks ivoulcl be rssocinte'l t ' i thin rhe ;\Dt{l)

un.l ao,t,roi samples, which u'oulcl suqpcrt th'rr these t 'tsls rrrc mc rsttLtng a

similer un.lerlvin! t iming related proet's lIvrr' & Kc(le' 1' lqq l\r\ & Ll'rzcl

t ine, 1995). A sLri,stenri. i l  proportion c'f inclividu' s l ' i th '\Dl lD prcsent \\ ' lrh

aclclit ional comorbicl clisorders. and in parricular' Lhc prcsence ol rcrdlrrg

.lir-.l"r, pr"..n,, d potentidl confolurd in this rvork' To clrte thcre is an cr

*n.i". t i ,.ruat," ort i i ,tt ing deficits in rcacling clisorc]crs (Nicolson' Fa*'ceu'

tr Dean. 1995,2001; \Vo1i, 1999.2001)' Theretbre' l 'c incltrt led some med-

,rr", oi."ualtg abil iry ro cxamine the cfect oi a comorbid relt i ing drsor-

der.

MLTHoo

Pttrtttildnts
Tu,o gtoups o[ adolescenrs Pdrticipatec]: 16 - adolcs-cents- , 

{ 87 '}l' 
.bo1s)

.uith u .u,.riti.-".1 clinical cliagnosis of ADHD based on DSi\'l lV clitelia 'rntl

l j ' lomp*rirnn a.lolesccnts (J5 )"" boys) Of our ADHD sample' 16'% ia'

2 L t  m e t  , r i r . r i a  r o r  \ D H l )  P r e J o m  n i n l l )  t r r J l l c r r i \ c  ' u b t r p r '  a n ' r .  i 1  '

tn'=lSl ^.t crireria for ADHD-PreJominanrtr {-ombin'J s'tbtlpe A1l. "lo'

1...-t. t ' .." l,.t.u"en the ages of 1l and 18 yeats (M= 15 5"fD' 1'1) Ninc

teen (19.(,%) ol the adolescents r'vith ADHD q'ere recruited from paticnts

;;; .;"r; f."uiourly assessed in chilclhood rvith a confirmecl diagnosis ''l

ADHD. The renraining clinical pilrticipants t'ere recruited through advertis'

-.n* r,-p"ai*.i. ofti.",,.rr,"11 as from ncw tcfertals to the Hospital fbr

.si.t ctr;t ir"n. Aclolescenrs in the control comparison grorrp *'ere rec.ritcd

thronnh horpltol gratT and communitv tesoufces All adolcscetrts perricip'rt

;;;;;,;6 *.r" ,'"riu. Englisb speakers i\dolescents..rvere excl*de'l if

thiv had eti. lcnce of psychosis, pervasive developrtentrl cl isorder' a scri 'rrrs

meiical cordition, or an eslimatcd IQ belorv 80

ioUO wttplt'.- i\11 a.lolcscents had a DSIvI-IV cliagnosis of ADHD

con[irmec] by a iystematic and comptehensive clinical.clirrgnostic. essessmenf

The asscssment comprised a semistructuretl cJinical cliagrrostic intervicrr

,Sit,. i t, l" f"t Atlective Disorders and Schizophrenia tbr School ege Cbil

dren Prcsenr and Lil l t ime Vcrsions) conducted seprratcly with palcnts rnd

,iol. 'r."n,rl by,r Ph D. level clinical ps1'h' '1' 'gist (\ lTt "r ' .r ' ttptLr ireJ Ph'D

.undla"r" i,t cl inical lrsycltrrl.,gy Nort drrr rhe inlblm rtion from thc rdc'lcs

..nt S.h".1.,1" t,tr Afi.ci iu" Dis,trdcrs and Schizophrenia for School. 'rge Chil

clren (PL versions) lclministered '.Jid nor srrpersecle parcntel report lor lhc

r , r . ' " n . " , , ,  J l , . c n \ c , , 1  c r r c r n r l i u i n P ' \ m f r o m '  T I ' '  s ' l - c ' r '  l '  r " r  
- \ l l c ' r ' r c

bis.,r. l.rs ",t.1 S.hiz.phreLri; h'r \chool age llhiklren (PL versions) has bccn

ur".1 ".,"n.iu"ly to rnakc diagnostic decisions bascd on DSM critt-ria rrrt l
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has becn vrlicl,rrcd *'ith chilclrcn Lrges 6 to 17 (Kaufman U"tlf:l.li"*'

Rao. & RyLrn, 1997) ALso, p^'""tt ,  t""httt"ucl ldcicsccnrs completed the

il,rn.r, n",ing Scrlcs-Revisecl iConnets lc)9f) to obt'rin standardized rat

;;i:Til;; ;i;*;r :li.',).'Ti",1,"$:1fi Ti':.'i ;;Iflu $$'::
l o r r i n :  , r l ; - . '  r ' h m :  l l  l l l c  l r r l \ l l ' r r l t s  t ' ' t  "  ' " :  ' " :  

;  '  
- ' . .  

-

:;:il*"; ;h: .ii"'.i,,' ,u,,.'o"'u-tot"d on using rhe Schedule for Aflecnve

iji...i i,. *.f Schizophrenia tbr School age Chilclren iPl-.r'crsions) in perenr

"'".i"i,rt"r."., intc.ui"tut; {2) rhc"- m.:t the cljnicrrl cul-olls tor miltlcntlve or

i,0",".u"" "..r i-pi!i':.:l::::T'"::i::i3,il,T"lir":f i:ii$t';
cnsutc pe^'asivenes: tt 'i1,'1'l:.:: 

":rr'.,rir"r,l.i eirher through a past cli
slmptoms Pai() l ' to the dge or seven

"!",*i, ..i,corro ". '' .:* ::::,' \1;;if::,:.":.'.fii;*Ti; fli":':.:l
report crtr. lsl  lncl ( '1) symptoms ot r

;tr';t:,;':,;;. i;'iiii,i"n, ,,tl "aot.,'"*s rvcre asked to srop tdking anv psv

chc,acLivc rrcri iceriol 2_l hours prlor to thc i lssessmenl lnd rvete therefore

r n e J i ( J l i , ' n  f r c c  \ l r r r i ' r u  l ( \ r l n P  . t  ."*"'c)r',,rrp,,,rirrt, 
sttlltl);le -'P;rents trncl adolescents confirmed on the Lon

""*;.;;;;;""" rhet tbe adolescent clid not ha'e anv ;\xls I diagr.tosi' or

, . vh i s ton 'o rcu t r cn tcomp la ln t so fp rob lems ina t ten t i on , ' behav io r 'mooc l

, l '"r 'rU,r":".,  or lerrrning Ji ' rnr concerns rvere raised on lhe ( 'onne$ ques'

tionnaires. a conlplele inten4cv wds done to mle out anv of tbese diiJiculties

A total o[ lbur sLlch lrtervlcws *'ere conclucted ro fo1lov- up issues raisetl on

, t . , ' . ' n , " r .  U  . . , i . , n r , r i r r s  i n  t hc  ' ! 'mPar i s "n  cL 'n l ro l  J rnup

StanrlatL);" l  rzzearlrrer '-Addit ional eomp''ncnts, ol the ldolcscenr' es-

sessment inclLrclc. l  measutes of intel lrcrrul rbi l i ty Jn' l  lccura() lrn{l  eJrl l : len-

:'".i',;-i":'; ;"Ji"g ""a rc'rcling-telated skills The lec|fer 
Ab,brevi

;i"JS.;i; of Intellige.'ce (\0echslcr, l99c))' l'hich comprised tour subtests

,V*"b.,f^.r', Bln.k il"tign. Similerities' and Matrices)' $'as used.to provlde

""'"."i"t"i; i.. int.llettti'l abilitv The rcading measures,,inducled theJtead

i"* ,"1,".i i..," the Wirle Range Achjevemeni'I est I (\(i lkinson' 1991) and

;;i t.'.i-ii \r;..a neacling Eftiiiencv (\Y/agner' Torgesen' &-Rashotte' 1999)

(irottp Jiffct'ettces a/) sttl11'tdrLli;el n'i'tsu'es -�Tu6|. 1 'lisplays rhe diag'

',,,.,t:';;;;'i"i; oi the ADIID rnd comparisc'n control sroups of ado

lescents. C)vcrrll, ,rs mighr be e\pectecl' the inditidttals *'ith ADIID differed

i.r- n"rrn"t cotrttc'l participtrnts on virually all of rhe standardized mea

;.,;;.1,t.1t* intellectual ibil ity' re"tli"g' and the behavioral svmptonrs of

ADIJD,

ExPl,rii/tLtI|6/ Tr,\k\

Tnl)r i i t !  l i r rJ ' -  
' fhe 

tapping task rvas developed using Supcrlab sof i

"', '" ' ' i i.;;;;;lr. ", ',.1 ..1'u't"ll"ttio" "'"" done using e.Penti.n PC

:;,..;;';-';-i;"rr.n bo* from Cecl^rs (procl.cers of Superlab) r'vas used
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IABLI.  ]
o|  nrr  ADHD iNo (trrrr t^na' \  ( lotrRot ( iFor r \

ADHD {;r 'uP

1 t  6
I L H  r

, t . ; ;
I  l . l  r

- 2 . 1 9 '

r-(f  ril r,rtril

[ ,lf
l t . l  l +  l +

l( l8.1 f .S .1.+

1 0 6  3  9 . 9  1 l

t ' t imrtcd l i r i l  sci l t -  I ( l

i tcrding tr lcrsurts tSnn(hrcl  Scorc- ' )

wl{'\I I RclJins
Rclling EifJcitno 1T()\\IRE)

DiJgnosri .  ( lhrf  rc!rr isr ics 1 T S$fcs)

Conncr s tnLrnotion
Conrer I  l r lcrrcrn' i r r  rncl  lmpulsiv i tv

Conners Inrt tcnt iot i
Conrcrs Hlpeucu ir"- rn'1 In'pulsirn-r

Orher Conubid DisofJcrs ('ri' 'rl 5ripLc)

Rcrdhg Disrhilttv
Opposiri,rnrl Dcflant DisorJer

C,rnduL:r DisorcleL
Substance Abuse
D.prc si"  r
Ccn.r.Ll iz.J \n cq DrsrJtr  "r  Ph"birs

Math Lcrnrins Diso cs

Lrn!Lrdsc lnpr'fnrenr
, r p <  0 5  t p < . 1 ) L . , r , r < . 0 i ) 1 .

9 6 6  L l t

i 2 2  I  t . A
; 1 . - {  1 l  J

;  r . l  l J . ( J

+ 9  I  n ( l

i ]  i )  9 . 1

.19.1 9.1)

t0.2 9. r )

12 l l  i ) l l l
.1-2 8 2r+

l8 ;.rJ l  +
t 8  j  i l : :

I t
.1t

l 3

i l

t 2

I

5
I

2.1
2 6
.l
)

tbr tesoonding There wcre a rotal of four tapping rasks varying in nodaiity

".a-it"J*"-t* ,,t intertrp interval: auJrr'xy l00 lrstt .ru'lirory 'ul'O t:::.1

vis.,al 16ft -.". . ,  ,nd visual 1000 mse( l)rrt i l ipaLLts \clc prcserled tones ln

rhe auclitory version and a sequence of dots in the t'isull vcrston
"- 

;;;;i:t;;,;;; ;;,. rol'l th"t rhev rvoLrld hear some rones ior see-dots in

the visual version) aPperrmg dt a consisrcnt prcc Tho urre tolJ thrr thc

task was Lo tap along af the same prre'uith thc t"ncs lor dot\) r l l l l  rnat

rh . r  ' hou ld  i . , i n  -  r '  " ' n  "  rh ' y  ' " r ' l d  Th . ' y  "e  '  J l ' '  r ' ' l ' l  
.  
i r r l  r l  " ' ne

n j ,n ,  ' h .  ; ; . :  , ;  Jo ts  rou l c l  ' l  ' ao f '  ' r '  bu  rh  r t  t " ' )  r r ' d r J  t " , ' on r i r -ue

, roo inc .  . , t  t \ e  : , - ' r nc  pa .<  r rn t i l  l hc r  uc re  ru l J  ro  : r "p  l ' J l t  '  l l _ ' r n l \  l r p l ' l nc

; ; : J ; ; ;  . . ; . . i  r . ,  t  t  ' u '  a  t c r  t h r  ' t t c '  J i ' appc r rcJ  r r rd  r l - '  i r ' c r t ap  i r r

tenal tbr the last ten taps wes scorecl The coefTicient of variation an-inJex

"i i"rr*i.al.,iat, .'"rjalility, rvas c'rlc.lated tbr each p'uticiPdnt as drc tD

.,1-,roo,rtn rate/mean taPping ratex 100 and served '� ls the dependent mea

: ; . : .HJ , ; , .1 . " '  . , t  . . . , , i , t i ' ' n  i5  o ' r (  r r  m rh  r \ l c  rne th" ' l '  r "  e r ' r ' r ' i r c  in

iro-in,litid""l variability (Slifkin & Nervell, 1998) The faster fre-quency was

r . . " " , . J  f . . ' . t .  l r s  s lou ' r '  l  r cqucn '  v  m"Jr l r ry  rv r -  c ' 'unr " l - r l ; ,n '  c ' l ' nd

:i" ;;;"";.ia-t "na "i"t'"t t"k u"t'it'nt u''ere aiways presented togerher'
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Prniciprtnts rLscJ thc in. lex f ingcr of the clominent hand-Ior responding'

ij"" ;,;;;,:;,,;l;; ;he ADI lD gioup ha..l missitig tlata on 'rlJ of the r'rpping

.' . ; . '  ' ;r , i  rrnother h.1d ,,u,.tng J"ro on t\\ 'o vcrsions oi rhe tapping tesk'

'  r p  h rJ  r i ' s i nc  ' l r t r  un  ' r r l o l  r h \  r rpD ing'Irvo panicipents ln rht conl '() l  l l rou

t,rsks. lbese missing di l td tcre duc to technical problems \\ ' i th the cornput-

A|tliLllnlto/] l,lsl -Tbjs task rvls progr'rmmed in Supcrlab on e l'en

tium P(i cornpurcr so stlilLlilLs Prcscnldtion lnd tlara collection wete done

l.', ih. roml)Lltcr. fhe senrc b button box usecl for the rapping rask -rv 
as-.' rse d

"r " '  '  I  
__ 

'  '  '  "  ):rrts * 'ere lsked to use the index f inger
l i , f  fc \ f i , l l r l lLr {  rD th is  I ' r !k  t ' ' r r t lc l f

,,i-,1,-, ir.",i"rn, hancl fc,r rcsponding. There rvas no audirory analog for rhis

tesk.' '"" 
8",..1 or) the merhod clescribeJ bv Rubia' Trrl lor '  Tr"l ' rr '  an' l  Sergeanr

, l ) ' . / 9 , .  D r _ I | ( : p r n l \  \ \ ( l e  L , ' l J  l u  p r c t ' n J  L h r t  t h c i  \ t r <  c r p l o ' e r '  l t l t r e  t r

- ] "  .  J" '  i r , l .  ' ' ' r . . ' t  i r '  q  b  i ' f  t ' r " r i t '  uJ5 . ' r (Jr (J  t "  i rJ icar '  rhr r
i  t . t " i . .  r ' . 1 r "  r '  an t ' J  l r \  Jcs l rov  rhc i r  ' h i p

, ,u ! c r .p , l ! c  \ \ J \  t i l l ed  \ \ r t h  l n rn r  e l

]l,,,u ru.r" rold rhat their task was to fire at rhe enemies befote the enemy

i'::i ;;;;'. ii;,*," rol..1 to fire ar the encml' ship as soon.as thev s.\1i

,i,"'i*, "",] ti ";. errphasizecl that the shot l.rad ro be precisely timecl be-

c,rrrsc rhe cnem! ship alu'ays appearcd at rhe same rime' Further' rhey u'ere

;;i;',i;; li t;Jt tired tc'o earil', the nissile ::i].1.,*.;'"":t,*:]'"ill il'i;
r ' J  i l  L \ r r  ' i r . . l  r " . '  I r r '  t l -<  . ' n 'm1  ' h iD  \ou ld  r l c { l r o \  Tn ,e r I r s r r r l '

o'cle also rolcl that epproximarclr hrlhrav thn'ugh- the tJSk the enemles

;;li;".;;; .,rt i' "..a would l' able to make thcjr ship turn invisible

i.rn.""J ,tr"fl. 
'fh"y *'.r" told thar it rvzrs very important for. them to. predict

r";";;h. "..-, ship rvuultl dpPear' even u'hen the enemy ship was invisible

(LrncLtecl trial)'"--it-r".. 
wcre three conseclltive parts to this task varying in the inten'al

of rinc rhet thc encmy .tt 'p ̂ pp"u"J, in' lLrJrng: lUr nrsec ' 1U00 nrstc ' l tnd

200{J nrsc'c. Parricipanrs harl 10 prrcrice trie-ls in which th< encm\ snrp wds

.r".i, t"ff.*.d by L1 uncued rials The number ol shots fired too cady and

.r"tdi -:."r-^-"*..e scc'red lbr rhe last L0 uncuetl trials; the fitst of rhe Lrn-

cu..l trial. t'r, nut r..""d, es par[icipants were giver one. trial to xdapt to

theuncuedt r id ls .Par t i c lpantsnat iaT50 'msec ' rv inc lo t ,o f r in re to respond
correcrly. Pelticipants \rrere glven feedback fot their performance on each

,""i, it*."** whethcr thel' fited roo early' on line' or too late Nlean num

ber of rcsponses thet \\rere roo earl1," end accutecy were rhe dependent

-."a.tr"a [u, e,rch of thc three interwals There rvere r'ery iiu' "too l*te' re-

sDonscs, so they trfc l1ot rcpc'r'tecl' Note only a subset of participanrs had

;:;,,;;."';il hed n,i,,i'.'g r:lata on this task rlue ro technicel problems

rvirh rhe comPuter'
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Statlstita/ MttfutJs ttttLl CrottP Dit't'ucucet d1 \.iri/,tttilt:(l trlcisittr!

Ol, l l t ' r .-Sorne incl ivicluals displ, '1'J '  tLtnrir lr(r iornrrr.. t  "Lt iLrLl ivir l

urt , '" . ' - , i .r ' t  uf .u. 'a s' i thin a nolmll r 'rr lPc or ') thcL\ E'rch Jtr ' l l r t  ' t ' rLc 1>l

Ji) from rhe group medn) r",s chlt lqtJ t 'r  ct lurL thc ni\t  hr!h<!f \Lt ' fe rn

the dist l ibLrt ictn, p1l,s ,rIre rtuit  There rvere one fo t\vrr cxtrclrc outl lers on

, i r .  ' . r ' , ' , i ' , t :  r . r ' \  ' r - . r : r ' ' c ' :  hov  e rc r  '  r h - ' c  ' "  t l i ' r '  "  " r r r ' ' l  i n  L "  r  ' l  '

i 'oHi  " ' j  . ;  '  " i  ; -  t '  ' ' r 'J  u ' r '  r " r  '  r ' " r '  '  l '  L '  ' l ' "  r r ""  1 . - r '  i

;;.;;;; ;;., imn'o'loring lbr outl iers scetterpl.ts continLrc'd to (l is
';i;': 

";;;,;;;-,;", pu.ti..,lo,1i in the ADHD group c'n drc c'rcfficienr .f

lr.i",i- ttt"".ur. in thc tlpping rask tX'e also uscd a squarc rool trilnslor

.l"rJ-if^frratt i.f. & Ficleil' 2001) to mini'r ize the 
,skc*'; ,howeve 

r.' 
.* 

h' n

rhe transfc,rmed data rvere Tnalyzcd, rht rcrulrs \\ 'urc lt lcntl(Jl Inur!n'rc' $'e

opted to report the original untr'rnsft 'rmtJ JltJ tor simplLLrt! 'r l  rntrrl)r 'r:t

t ion.
Rear)in gJe.v.'der. A<lolescents *'ith comorbid rcrding disor'ler crhibir

"a ,igtiii.rti fl' lower per{ormrtnce on the reecli.g meistrres.lhrn itcloLtscents

with 
-onl,u 

AOtfO, bur no gror'rp dilferences rvere obserlecl on the t'rpf iLrg

anJ anticiPatioo trsks" ' 
i;; i;;; .:x ..rti." in rhe ADI lD and conttol grt'.r!'s rvere unequal'

*. .*1".,".1 it.,* on "l l of the srandardizcd ancl cxpetimcntrrl Llcasures

,:;"-,.,.J; i; the control 'rncl ADI lD sroups tLr JSs(s\ u htrhcr, tht 'r'lolcs

cent bovs aDd girls clifTered in any importmr $' 'r\s h')m L:'r!h.th(L \o srg-

n i t i can td i l le rencescr le rgedu ' i th ine i rhergro . . t l l , s t lggcs l i |g thd t l t \ \ r , sno t
necessd.v to controi sratistically tirr elTccts of se:r'

Rssutrs

Group Di/]trctttts ttn'lappug artil Anticipation Tasks

Tdpl)ul! l,^k: ,tt/Jtrcnt uJ uaritlttnt -A 2 (gror'rp: ADHD control

,,"rri. i , i .,. i  ^ z (nroJ,rl itv vi 'Lr'r l, auditory) r2 lfreclrcncl:.-100 mscc' l0()(l
"-.:..;';;r;';;";; 

""rir^i., "r '.'"i""" 'u"' con'lucrcd' u'ith g.rLrp Lrs I be

;;;; trk.r: iactor and modalin 'tnd lft.|rcrrc! . 's rr rthin.'ubic't lrctcxs

l i ' c r . . - r '  r i ' . . .  t c r c  p u r l i ' r ' m c . l  l " r  r h '  c o < f i ' i L n r '  ' l  \ r  ' r h r l r - )  ' l  l n '  r n  c l

"" t","^'ri rf..f"r","pu"..J h're are fbr the i intrl ten ulcrted-rl iels' rvhich

; . iJ : , i  ; .  ' i ; , ; ; " ' ' i ,J , i  u- . . , i *  r r i , r l '  \ l ' . '  r '  r r r ' l  ' t rn ' l rJ  Je '  r r i " r r '  f ' r r

; i i r ,r,k rr. t ,r"r., ' , . . I  ,n ieblc 2' There were no signif ica't el ' fects of ire-

. ; . . ; ;  t  , j . ,R .  r '  ^ '  r " ' l a l i r r  r /  0 ' !  r '  r '  f h  "<  \ r '  J  ! :  ' � r '  L )

. t L . . r  u l - i c h  ' . l l  j ' r ' r  ' h n r r  . ' l  ' i g n i f i ' r n ' r  f  s - l { )  |  r '  r '  l n c r \  ' r  r i  J

, i*" i i i*. ,  ir trer"ct i ,rn tor frequelc,v by modality by groLrp (F ' '=513' p,=

.t l)).  Usittg posl loc analyscs (Booferroni correctron)' thN lnterdcrlon rrr(1r

i"r.a lhrr"tir.i i. io".r. *i,h AoHo clispla,ved signiiicantly more vati'rbilirv

;;Jttti;'";:ilqucncv in rhe visual moclalitv rhen conrparison c'rnrrtrl

participants (P- 007 )'



66E Il F lr ) lLtK c. R. TANNr-)( lK

I'ABLI 2
( i l lF(rrNrs of V\t t \ )ro\  oN lrrPrrc l \s(

V'rrH ,\DHD a\D (ioM'aRIsoN ('o\rRol

\DFID CirouP
J,' ID

ColrroL (houP

JD

\l.lnL,Ly

I {l.li
E. l

1 2  1

t t

..{'t

; . 1

5.1

t 2

2..1

)2
.t2

8.8

12
1 2

,l tiLiPtltion ldsl: -\{/e performed a 2 lgtoup: ADHD control parncr

oanrsl x J (frcqucneti J(10 mscc., 1000 msec ' 2000 mscc ) x2 (cuingl cucd'

I".r". i, ."iuirt i"r. an.rlysi. oi rariance wjth gtoup as a bet*'een-subjects

i".ur. "ncl duration an<l cuing as within subjecrs tnctors This was done sep

^.ri"fu t". the mcan number o{ "too carly" responses and me?n accuri:lcy'
'N;;;dlt, 

t"; a[ participanrs hrd too early resporses (between ]'1 and -14 in

rhe,IDHO gro.ti ",td between 22 enJ 18 p'rrt icipanrs in thc (ontrol group)'

il.." J; ir. pr"..n,"a jn Table I As can be scen in rhis rable' a higher

p..p".ii.. of participants u'ith ADHD tended to respond "roo early" as

.  o r -p , r rcd  lo  rhc .on t r . , l  par t i c ipant ' '

IABLE ]

MFAN I FRFo$ia\cL (NLMfiFP u, Ioo faRlv RE\ruNsrs ^ND AccuLlrYl oN '{xrIcrPA:rIoN
'  '  

i ,  "  i r . " ' , .  ' \ r ' '  \ D d D  ' N r P - r  l \ P  I  r r r \ r '
- - : _

\ 1  J . u , .  \ D l l D  (  ' r '  u D  '  n r  ' l ^ C i  '  I '
r\, 'D  

 

N" \U

'Too Errly- ltcsPonses

100 n*ec.: 11 No

I l)00 'rscc.: 11 n"o

2000 trscc.: rU No.

21100 mstc.

0 . 1 ;
0.20
0 1 0
0 . t l
0.10
0.10

0.t0
0.7.+
0  7 1
0.6.+
0.r- l
0.51

Fot too early responses there Nds a

22.12, p=.0001), indicrting that there

the longcr dutation intcn'als of 1000

CLrccl

Gred

Cued

Cued

(led

(iued

0.00
0.1{J
0 . t E

0 . 1 8
0.20

0. L.{
0.20
O , I E
1 ) 2 1
0.20
0 2 ;

1.1

.1.{

.+1

12
12
12
t2
42
.12

.16

0 . l  t
0 . 1 6
|.26
0.29
0 2 1
().21

0.84 0. l l
0. t0 0.17
t . 1 i  0 . 1 6
0.12 0.16
0.713 0.15
0.69 0.20

0. i10 22
0.00 22
0 .  1 5  l 8
0.1,,1 lll
0 . 1 1  l 8
0 . 1 6  l 8

signilicant effect

wefe more 
"too

msec. and 2000

of duration (,l1,. -

early ' responses at
nsec. than at the
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shoner, J00 msec duldtion There wls nonsignificaot ctfect oi group' but

,i;"..;". " signiticant inreraction tbr durarion bv group (F ' '-> 51' '= 0l) '

ii;;- ;;t; /ri. nnrly.", (Bonterroni correclion), this intcrecti.n inclicated

,l*, i,o,i. ip"n,, t ith ,qOHO nade nlore t<to early" responscs at the 2000-

rn,... irt,.r""l than participenrs in thc control groLrp (p< 02)

\X/irh tcspecr ,,, u..ur".y thcr-e was a signiiicent effect of cuilg,(l: '' =

.U l.OS. r=.ouil f, inch.ating 1es" .,vcrell accurccy on uncued than cued uiels

T h . ; ' - r '  r ' r B n i l i ( J c l  c t l c , r  o l  J ' r r a t i " n ' /  -  l "  f  p  u r r 0 l '  : r ' r i c a  i n g

1.." "..ur",. tr,.rfo.-"n.. at the longcr intervals of 1000 msec end,2000

msec. 
'Ihere .r '". u1,,, urt inLeraction [or cuing by dulation (-F ' '=3 26' 2-

.04). This interaction inclicated thtrt dccuracy \\'as lor'vest in the uncueci con-

dition of the 2(100 rnsec inrcwal (p< 02)' There rvas also a signiticant group

effect. indicadng thdt participenrs with ADHD clisplayed lorver ovcrall accu

.".u thrn pot,i.ip-ts in rl,e cc"trlol gloup across all three durations and

,...rs bnth cuecl atd uncuecl conclit ions (F ""- 10'07, p- 002)'

Conekti, 'nal Ana\sts

\Vc performed correlatic,nal analvses betrveen the rappirg and enricip'r

,io.r ,ork, ,"purr,"ly in the ADHD and conrrol samples Specilically' ue cor-

..'lr,".l ,h" .n"ffi.i.rtt, of valiation on rhe tapping rasks t'irh "too early'

"rrJ ".."*., neans on the dnticipation task This rcsulted in a toral of 2'l

correlations. None of these correlarions reached significancc'

It was apparenr that corlelating the coefficient of variation in thc tap-

ping task anj acc.,racy of performance on the anticipatior-t task u'as an.inade'

qa,ur" *"u to examinc perforrnance on lhese tasks lnsteacl, it seemed mote

. ,.o,r"bi" to cxamine dssocidtions betrveen intra'individual variability on

these t\\,o tasks. For the anticipation task, rve bad available ir-rtra pdrticipant

variabiliry or the .!D ol "too eatly" and accrLtacv responses lirr each parnct

pant. S(; therefore correlated the coeflicient of variation on the tapping rrsk

wirh inrra'individtLal variability on rhe anricipation task sepalately in rhe

ADHD and control sanplcs, rcsulting in another 2'1 correiations

In tbis antiysis, rh"r. *"." a llw cotrelations, in particular' berween the

cocflicients of r,,triation and thc variability of pelformance on the anticiPa

tion task. Speciiicaily in rhe control sample, the variability of "too car\'" re

\ tun \c \  z r r  the  l t - tU0 n l ' c ,  l - tq r rcncy  in  thc  un 'u rJ  (nnJ i t run  o l  rhc  " rn t i ' i pa

,i* ,rrl .t-o srgnifi!.rntly corielar.d with the visual'100 rnsec coetticient of

va.irt io,t on the trppingiask {r = - ' '15,2- 007) Also in the conLrol sample'

the valiabil ity of ". iurn.u at the lO00rrsec' frequcncy in the uncued contli

rion of the an.iciPdtion task l'as significently corrclatecl u'ith the visual

1000'msec. coelTicient of variation on rhc tapping task (r - -"16' p = 02) In

the ADHD sample, the variability oi "too earl-v" responses dt the '100-n1scc

Gu*., - rl,e cued con.lition of the anticipation task r'vas significantly
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cor rc la te< l r r . i th thev isua l , l00r r . rsec 'coef t i c ien t t l f var i l t iononthe t . lpp ing
.rf.-i,=.l;, l '05). Also in rhe ADHD sunple' the variabil it 'v oI accuracy

,ri rhe 1000-msec. frequency in the cucd conJition of rhe anticipation rask

*".' .rigtif,."t ,ly correiate.l with thc visual'100'msec coefficient of variarion

.rn 
-ti i  

,,pping- t"ttt ir= l i '  p='01)' Although only foLrr o{ the 2'1 correla'

, iorr.t"r. ,;g"if i*"t, raising thc possibil i ty that these associetio:s.ttre :pLrri
ous, rhis particular pdttern of correlations suggests thdt lnlra lndtvrdudl v'rl

abiliry on the tapping task is essociared *'ith intra individuel v'rriability on

the dnricipation trsk.

Dlscussro:t

fhere are rhrce nc,teble findings in rhe present study' Firsr' partict)dnrs

*'irt aOffO displaycd significanrly more iotta-indivjdual variability on the

visual tapptng rn"k "t ,h" 100u mscc' interval than conrrol plrticipants' Sec-

" " j ,  ' ' , r l i . i p l " , '  \ \ i rh  \D l  l l J  J i 'p l r1 .J  le*d( 'u tu re  per lL ' r - rnLc  rh ' r  'un

t.ol rrarricipants on the anticipation r'rsk FinaL\' thrrc u rs s"tttc cvrdence Io

:'g;,; ,L;11.,* -diviclr.ral variabilitir on the lappin-g and anticipation rasks

*"r" ,rr,,.i"t..l tuithin thc I\DHD and conrrol samplcs'

The tapping task used in the pttsenl inrtstiq'rrion \ras not 'ts rigolous

c x o r r i m e n r " l l V  . , '  1 1 5 1 .  r \ r t  l l . , r c  b e c n  u ' c d  i r  t h t  I o c n l l l \ e  l l m l r !  l l ' L  ' d

;;i.. H.;.;;i, it is notrble th:t * e obtained an effect based on a sel of ten

.;;;J ,;p,, indicating the robustness of these efficts' 
'Ihere rvas a signifi-

.-,1y inr..u.ri,,n fo. fr"qr"n.y by modality by group' indicdting. that rhe

,,t.,t.r..,trc with ADHD d-ispleyed signiticantly more intra individual varirbil

iry than mcmbers of rhe control group on the visual versi.olt ol the lO{Xl-m

,".. int..url t"ppi,rg rask. This is consisteot u'ith those studies that report sig

niticant group diflerences in intra indivjdual variabilir-v in tapping perfbr

-"n.. on uiru"l tasks {Rtbia, 
'Iaylor, Taylor' & Scrgeant' 1999; Rubia' er

dt.,2003), but not vith the cvidence of group cliflirences in. r'ariability on

audit.,ry i"ppi,'g rasks (Pitcher, et dl , 2oo2J Although variability tends to

in...r." i,t-t i" t i .ual modrlit,v (Jiincke, cr a/,2000: Chen' et '11 ' 2002) ̂ t

i ,ng". inr",.,r l, (\{arl ison, 2001), ir has been demonstrated that the effect tor

gro.rp olrr"..,"d in rhe visual rloclolit,v is consistent u'ith the growing.lirera

iure thar ADHD is charecterized by visurtl sparial memory deticirs (Kemp-

!on, Vance, Illaruff, l,tLk, Costin. & Pantelis, 1999; Blrnett, Marufl' Vancc'

Luk, (iostin, Wood, tr Penrclis' 2001; Nigg, Blaskey, FLrang ?ollock &

Rapplev, 2002r Nlartinussen, Haltlen, Hogg Johnson, & 
'Idnnock' 2005)'

ni, ".o.t u'ill requirc further rcplication lmportandy rhe critical variable ot-

interest is thc variabiliry of the inrerrdP inten'als, such as rhe coefficicnt of

variation, that must be exdnlincd as the dependenr me'lsure' ls rhis variabil-

ity is diagnostic ot timing deficits in cerebellar plricnts (Ivry' l99f)'--
' 

Anti.iprtory responding has also been of jnterest in rhe ADIID Litera-
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ture, likcly bcceusc per{ormance on this rype of rask is easi\,inierred to be

"r...f""J.uith th" 
'i,r,p.,1.i"" 

rcndencies of thildt"n and aclolescents wirh

ADHD. The results of the curtent study inclicatc thar participants wtth

I\DIID rrade nrorc "too earh"'rcsponses only at the 2000-msec' duratron

but not ,tt the shorter .lurations These results arc consistent u'ith pre\4ous

o o r k , , , \ i , i " ' r . . r - . h . , r . r  r \ . r t  i r r J i r i d u . . r l s  ' \ i r h  \ D H D  m r k r  m n ' '  u n d ' r e s t i

rl"ti.rn, u, impulsive errors and increased variability at clurarions c'f at least

iiul. ,s".ona, on anticipati,n tasks (sonuga ])arke, et a/ ' 1998; Rubia' TayJor'

i"it.., e. S".g."nt, i999; Rubia, el a/., 2001) Notably, all of thesc sru'lies

hru..,r",1 uisunl rasLr, sinilar to rhe task employcd in the current investiga

tion. lnterestingly, we obtained :r signilic'rnr grorrp ctittr "n ''vcr'rll rccuracy

a.ross ,ll thr.e-inr.rvals ard across both cued and uncued conditions' u'hich

is consistent rvirh the findings from Somrga Barke, el a/ (.1998) The inter

oretation of the findings from Sonuga B dtke, el al ( 1998 ) was that. the visr ral'

iv nn.,.r.t.t,,r"d conclirions of the rask increased impulsive responding' es ap

p<,sed to considetilrg the possibility thar these dilferences mdy be 'rtttihrrr-

able to abiliries fc,r durarion estim,rtion (Sonuga-Barke, et dl ' 1998)',

The fact that the findings from Sonuga'Barke, at dL \1998) and the cut

renr study obrained significant group differences on accuraly in both cued

,rnd uncued trials signels the imporrance of undersranding the motor conrri-

bution versus rhe cognitive conrriburion ro tlnticipation performance' This

issue also pertains to the tapping task Narnelv, Ivry (1997) argued.that in

fl"t",1 uuri"b;tity ,,bsc*..I o,t the tapping rask can signal two possible prob

Icms in the system, eirber indicating that the internal riming system has been

clamaged or that rhc commands are being execrtted inconsistendy because

,fr"..lt" p..ff"-. in rhe mokrr implemenration system \fing.and Ktistol

terson l19il) developed.r technique to partition the toml lariability atrribut-

dble to the intemal timing system and lo the motol impJeirentation system'

W" *.ruld expecr thar, b"r..l on th" curent study and from previous work'

;,riiui,1.,uls ruith ,COHD may have delicits in both of rhese domains Specifi

cally. thele has been some evidence to suggest that indit'iduals.with ADH|)

ar. irnprired ir t ime perceprion (Smith, cr a/ , 2002; Rubia. at dl , 20a); T op'

lak, ei dt.. 201)J),..,hiih i, trror" pttrely a cognitive timing measure, and adrli'

tionallv rhere is a fiirlv subsrantive literature reporring genetal motor cleficirs

"ssociare.l rvirh ADHD (Stcvens, ct d/., 1970: Denckld & Rudcl, 1978; van

cler Nleerc, et dl.. 19()21 Carrc' et al ' 199(r; Piek, 't dl', 1999, Steger' el a/"

2001)- ,Aur empirical question is specitication of the relarive contributions of

these tu'o domains to the impairments observed in ADHD- This is en area

lor continued research.
Thc patrern of corrclations irr rhe Present study inclicated associati"ns

b"t*..n t'h. inrra-iodividual variability of pertbrmance on each task jn both

the ADHD end control participants. While these correlations were modesr'
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rhc trct that Lhcse associatjons ,rvere 
onlv obreiucd "nn 'l: 

-t:::".il"d::111
','".,"U,tiru .t periorntalce on the anticipalion tesk srtqgests tll: 

l"t:,:i: '*
oi inrre in,jiviclurl vcri.rbilirl, is r.rot .rniqu" to r"ppln-q p".rfur."":r" 

lllr:ll
].r." JliviJ*f variabiliry me,r L,e rclded to similrr cognitive Drcchdnlsms tn

thcse t. isks 
'fhese rissocictions sugg'est thsl olher tdsks' sLrth as anticipation'

ruy also bc used to eth'encc u't' t'ntletsrttncling of intra ildivitl'tel veriebiiitl'

in ADTID 
most resc'rrch suggests thdt ADIID is 'r ir'rntal lt'bc '')r'Jr.ome or

a disorder of exccutivc itrnctit"t t l"nn"tgt.ln & l)zoooft lqqbl Barkley'

itil i i"t*.,, 
-c"t'rrs' 

& Oosterlaan' zooz)' the cLrrrenr \r'ork on 
,rimt

;:;J;;:.;;;,r' this line of *'c'tk'- B'rrklc'v's neutopsvchologrcal morlel ot

,COl{b trgSgl rvas rhe first ro include ri e perccPtion as alo:h:r-.:: l :rr ' \ 'e';""#.".;; '; r6rbi;;1:l:..':'t,,,':;l'".;,:il::'::"iNriuo"',iil'1,'l',1
a.nc i r  , ' i  rhe  - I (  'u r r \ r  lu r r l l r \n  

, , i l , ,ou ln ,  , , . , i r . r " ' .  cc r .he l le r  r .p : , , r .  in

l;:Ll:i',ffi llfi ""11il""1il:i,'"'ii"ii"'' u"', *.,r";' h' Y:'',Md
i"-. ' i.,1*i W',,ltf, !: '$f"b"', 2[g];Rubia Lt rl ' 2tto]' Lrllen' 

- 
F''rrssberg '

n'ir'*."", j*,,,. as o'.n "s the :":'*:":.1':,T::lji ;li"i,l'Jl-lllllll
rren of rhe basal g,anglia, end tht

;;;,;, ;;;J' iot'i'ut', cn'' & Binder' 1ee7) Anticipation .1 somrro

r""1..'it",ri h,. ,ri'n b""'.' associtLted u'irh cerebellar funaion lieschl &

i.hrl ffit ,nd n,,y "l'o ecrivate working mcntori" prefronlal 
.l',':ttont

;; ;';; dLrrdrions {R.mmsa}e::,Li?;J$m:'::"::i':'.":l::r:i::
..oorted that childten and rciolesc

l,l,TJil!. ,i"t, i""i r'i'tt'n"ot putitip"ts (Casrellanos' ciiedd' Berquin' val

ii:i::i r,*r, j; :*i lru::ft N::lii't'i; i' iiTn:H:; r
;;;l;,;";n^:i:.",5:l::*Jl,,T*;0, j'":J".':'i::';:1ffi 'l;:'"{il:
. r i d e n . e  f r o _ n  n c l  r o l  n d c l n s  \ l  l d l e s  ' \ I  / \ L ' r . r u  ' ' '  ' : ' . ' "  "  

,  
_  

-

:;.";;;.;;; ;.i;;1,. ' 'tono' llorvevcr' the neural interpreration ol per-

;;;;;:. ' .r; i t '"r. .ugniti" '  t ining rtlatcJ taskq mu:t.be. m'.d' c' ' trt iortslv

The lecent rcsearch on thc rimtng fun'tions of rht c'rcb<[iu'n l lvn & Fiez'

,ooui'it"ii" i".".o,etdtions of p"ifot"tu"t" on liming-related tasks es.reflect

l;.;;b.ii"; o.;."sscs; however, we havc vet to c'rnfirm *'hcthcr'this, is the

.;:.. il;;;.'d'"";t""-u"'. T"vl.'t, Bramrnar' \(illiams' Sin'mons' nncl BuJlmore

iinrsl'-rh"""..f tirat'edc'lescents with ADHD shou'ed r-e'l.cc.l right mesial

f ron t i l cor tcXact iva t loncompdledwi thcont ro lpar r i c ipanrsdur inger lp I ing
,"Jl;.: ':"il iu't'r *'itt' alternating t;".q":l:i:'tt,oo9 11" --d 

5

scc.. but this Nas r.rot rcplicatcd b1 Rubr'r"'r 'rl r2{rut,) InJcrJ u:u"*:]-,:l l

;;.'.;i;""i;.'' 1'..,"nrntio"'"tn",lJ';:J;'i:,i"..-1'l*f''I"'jT:.i:T':il'T:
Inav be morc likcl,v to cngage otl

-.hr" t.t" 
',f.'^,' 

t;"1' b" t"ttbt["t' *'bile slower frequcncies mav be more
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l ikelv to ttr\ rvorking nremorv. It { ' i l l  be irnp|rtrnl 1e tpctih thr"rrgh fur

,'l*,'..."-.ft *'t-r"iLi ,ito" perccption is rrnother rspect of executive fronml

ir".t i.,t, ..*t.tt"t furtcti,r,r, or both' In 'rddition glvcn the hetcrogen'itr

;;,;;;*..tr"." of i\DI ID ond prescnce of com'rrbid cUs.rdcrs such as

reacling clisordels, it u'ill be importent ro also tekc thjs into dccount Ln lntet

;;;t; ,ht. .t utk. Th" pr".'^l"... of como.bid reading 'lisorders in tlrc pres

iri -"iau "r, .olrl1.'n.,tbl. to t1'picd clinicel senrples' but indeecl rhc ples

cnce of comotbid clisotdcr-s mLrst be takcn irto lccoutlt

In conclusiot, out results arc consistent u'ith previous t 'ork rcporting

.leficirs rt-r rrpping pertbrmance and dnricipdtory tesponcling in ADHll The

lnt..p."r.r,i." .f rltese findings, hou'ever' is critical Therc is grou'ing '' i

i"". i ' tn,f-l" tfOf fO literature that t ime'related ptocesscs rle impair-ed' end

funher rvork nlLlst continlle to disentangle whether such differences are at

tributabLe ro execurlve tunctlon tvpes of mechanisms' such as inhibition lnd

,u.r"in".l ^a"n,inn (RLrbia, Taylor, Te1'lor, & Sergeant' 1999; Rubia' r:r a/"

2001), or t 'hethcr hcleecl thesc diftetences signal impairment in lthel lm-

iruro,r, .1o-r-. in ADLID, such as cerebellat timing deficits (Toplak'- er a1''

5OOil f}r;, disentangling will have extremcly importrrnt implications for the

advancement of understanding cognitive processes in ADHD'
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