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Abstract

Crelious researcl]Las foul d i1l oise siglals illwordTallilg ex[erillel tsla d it [as [eel
"vlotlesiled tlat sucllloise Latterls are il dicatile of tle Lealt'y coordilatiol 1 etwee!
“olultary ald ilTolul tary coltrol Furterlorelilltl e doail lof Uotor [olellel t[Til 1] bise
Cas LeellsLowllto Lecolle clearer t vougtrai’il g [ile[[llear il g[T1 | is study exalliled wlet er
suclllearlil g effects are also [resel 't il la rel eated word Tallilg tas' Tald wletlertle alloult of
reletitiollwitlilla taslaffects [oise siglals' Tlo[lilear alalyses were used to calculate t"e
fractal dillel siolsTwlicllidel tify sucl 1l oise siglals T ltTougtl e data sulTort tle fildil g of
[il T loise il lword Tallil g datal 1o learlil g effects ol \tle fractal dille[ siols were foul d[ 11 at
is[tle Loise siglals sLowed [0 clalges as a result of learlil g [ilé[rel etitio 1111 [ossille
exlalatiollfor tlis is tlat due to tle lelel of readil g [roficiel ty already acluired 'y tl e age of
tle Larticilalts[t ey already [ossessed a Lealt'y lelel of coordil atio |l etweel | olul tary ald
ilTolultary coltrol for tlis tas!1 Future researc! s ould exal lile wl etler lear il g effects are
Tresel 't il It e Loise siglals of sl eeded word [allil g i lyou ger Larticil alts sucllas cildrel]

aldlor teel agers!]

Keywords:  word Lallil gl fractals| 1 oise [atter 5[ 1 [f[ lear il g
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Clis study will exallile tle [Telolleloltlat is usually discarded as "acl groul d [oise
CallUrdel 1T loldella d [urley (2013 argued tlat it is il 1tlis solcalled [acl grould [oise tlat
tle dylallics tlat coordilate t e [ild ald [ody are relealed Tlow[illagile wal'il'g [olle: Do
you [eliele tlat tle stride i terlal [ile[[tl e distal ce of your stel T at tle Legil il g of your
lourl ey affects tle Lext olelaldtleole tl ereafterlorelelltl e filul ol el 1 rdo you [eliele tl at
eacl Istride il ter_al is raldol | [ald t"us ulrelated to al'y of tle [relious or sulseluel't oles[1[r
is eaclilter al exactly tle sallel [ is il 1t e lolglterl] correlatiol’s illtle laclgrould [viselil]
tlis case il ltle stride i terlals[t" at we ca fi’d [lausille stories alout low tle [1ild a'd [ody
coordilatelal d [ore il teresti_ gly[wletler we Lale aly [olultary cotrol oler our [elaliours
a1 Crdel T2 1T

"xallililg Loise is t"e focus of tle [resel t studyald [lore s ecifically a out its
‘reselce il la coglitile tas[ 1illtlis case a word lallil g tas['1[Torder to Lale a full
ulderstal dil'g of t"e tolic at "ald Twill start off [y ex[1aililg two Ley colceltsTallely
fractals a"d [vise "atter s Followil g tUis[1relious researcllfildil gs colcerlil g tlese colcelts
iOMullalllelaliour will [e discussed! Filally['tle goal of tl e [reselt study will ['e [resel ted!]
Fractals

lelolfiMal del ot il troduced tl e terl ] fractal il 11111111 fractal is a [T)atl el latically !
selflsillilar Latter 1w icllill[ lies tlat large features of tle Latter Icol tail lwit i1t ellselles
sUaller featureswiclUlil \turlIcol tail lelel1s[aller featuresa d so ol [Thie olitcl 1] STeladel 1]
2[TT T Maldelrot I T2 Tlal 1 Urdel TTlolde 111 Curley (2L 3T uswlel1loo il g illol]
fractal ollécts' s laller rel licas of tl e larger o[ lect Lecolle Lisille[ 1 is is Lot to say tl at tle
sUlaller rellicas are exact colies of tle larger ol lect! t ey calllellut tley callalso e sillilar

loolilg colies[ Tl art froll Leil g selflsillilarl fractal ollects are also deleldelt oltl e resolutiol’]
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tlat is used to Ueasure tleir dillel siol | [Tielolitcl1[] SCeladel T2 TT11Forexallle[wlel]
Ceasuril g tle le[gtllof tle coastlile of Uritai Tit Uatters for tle outcolle wliclllleasurellelt
scale is used[11lis is due to tl'e [resel ce of Lays al'd [elilsulas t at are [resel t i[ It e coastlile:
SUall Cays atd "elilsulas are ol'ly caltured [y sl laller [easurelel 't scales! 1o ex[laillfractals
illlore detail ' two exalllles will [e gile[|lext: [1le [atlellatical exal|[le[ald ole exalllle
froll Latural fractals!]

U fractal cal e Uat"ellatically descriled witUalliteratil e fulctiol 11 iteratil e
fulctiollis lile afeedl aclec alisl]: Cacllout ut serles as tle il Tut fortle Lext eluatiol Tald
so ol I 1[iteratile ful ctiollca' 1 for exall lel T e writtelas a lil ear ful ctiolas X[£[ 1 1X,; [1cLor
as a Luadratic fulttiolas X1 X, [JcCwLere C is a colstalt [Teitge 11 Trgels 1] Saulel]
112001 classic exal |l le of alliteratio 1t at results il la fractal [atter!lis te Sier il 5] trial gle!]
Figure I slows tlat eacl\sul seluel't stel il 1tLe iteratiotales away tle liddle [uarter of eac!
Tresel 't [lacUtrial gle['tlus creatil g tlree til les as [laly [lactrial gles illeacllste[ 111 e

Sierlil sl tria gle clearly sCows tle selflsil lilarity of a fractal: Sillilar Catterl's are [rese t at all

scales!]

Figure 1111 e first fil e stel s il ltl e forl latio lof t' e Sier il 5[ trial gle!]

Fractal Catter’s callalso e fould illtle el Tirol[1lelt T xalllles are trees al'd clouds(tl e
leales of flowers al d treesla d t"e structure of t e ol lalesco [roccoli [see Figure 2111 [el]

Toollilgillollt e lroccolil s aller rellicas of tle larger il lage e lergel 11 e sLale of tle el tire
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Colalesco [roccoli [Figure 211 s still Uisille illtle Loolledillillages [see Figures 211 ald
2000 Cus tle sCale of tle Uollalesco [roccoli colsists of selflsillilar structures 11 e self!]
sillilarity [owel eris filitel sil ce tle Latterldisal T ears wlelltle sile Lecolles too sllall [see
Figure 2D T ow [t ilTlof tle exal |l le of tle coastlile of [ritai’} [f [latters for t e outcolle
wliclllUeasurellel t scale is used| Tl e salle goes fort e Lollalesco [roccolil If we wal't to
Cleasure tl e circullferel ce or surface of tle Lol lalesco [roccolilit Uatters wliclllleasurellelt
scale we use 11lis is Lecause of tle [reselce of [laly irregularities il1t[ e slale of tle
Colalesco [roccoli Tl us[ tle Lol lalesco [roccoliis allexalllle of allal Troxillate [due to t'e

fact t"at tle Latter el el tually disa T ears wlellt e sile [ecolles too sl lalll fractal il | aturel’]

Figure 2[ Fractal Latter s illtl e [lollalesco [roccolil I acllsul se uelt il lage is a oo led!il]

illage of t'e [relious ol el]
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Noise patterns

Ul Lere fractals are tle sl atial claracterilatiol\of recurrel 't [atterls [ile[self sillilarity [T]
Coise Latterls are tle tel|Loral claracterilatiol 111 sil e wal e is allexalllle of a [erfectly
recurrel t Latter 1] Uite Loise lelglllol 1t e radio or teleisiol 1 o[t e otler [ald is tle exact
ol Tosite: [ ere is Lirtually "o recurrelce at alllit is col | [letely ra do [T lut tl ere is also a [vise
Catterltlat falls i) [etweel It ese two extrelles[ 1] classic exalllle of suclla Latterllis tle al Tual
floodi"g of tle Uile (Mal dell rot [ T2[11] Lat claracteriles tlis al Tual floodil glis t"at it does
slow a Latter 1T ut t"e exact Latterlis ul clear ald ulTredictalle Tecause tl e [atterllis fractal
Measurellel ts olertille of tle tides of tle Uile cal e used to calculate t'e accolll alyilg [oise
Catter 11t al Tears tlat tUis [atterlis [il1Tsilce il 1tle lo g rulTolllarger tille scales! T eriods of
droug(t are followed [y [eriods of floodil g Tut ollsUaller tille scales tlere is still [arial ility
Uisille[Tlext! Toise [atterl's will [e discussed il'll  ore detaill]

"lere are t'ree tyles of Loise Latterl’s tlat do il ate tle literaturel T allely wlite Trow![ 1]
ald Uil Tl oise lelg[ ilde T2 T [T lolde[T2[ 1111 all[rde[TKloos[ 1] [l allot 21111 all
Crdel 1200 TTTT] Lite [oise is loLerTraldol] [oisel tl at is t ere are Lo correlatio| s [etweelltl e
colsecutile data [0il ts [elgTres olse til lesilla tille series[ 1 is illturlleads to tle il alility to
“redict al'y Lalue Tased ollaly earlier ol serled "alue! 1 lrow 1l oise is tl e o[ Tosite of wlite
Coiselilltlat it is [olerlregular [visel 11 is [eal's tlat Lased ol 1t e [Towledge of a [rior
olserled Lalue ole calllredict tle ext [alue [due to tl'e [igllcorrelatios [etweellco secutile
data Loil ts[ 11 il 11 oise falls il etweel lwlite a'd [row[ 1 viselilltl at it is Leitl ertoo
"redictal'le Coris it too raldo) [Talllrdel et alNI2[TT1T]

Figure 3ladol ted frol] [ilde /[ 2111 [Trel reselts res_olse til le fluctuatiol’s as a tille

series for eacllof tlese tyles of Loisel alo[ g wit It eir Lower slectrul] olldoulle logarit!1lic
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scales11s calll['e seellfrol| Figure 311w /ite [oise is raldol] al'd its Lower s ectrul] il dicates
tlat eacllfreluel cy coltrilutes el ually to t e slale of tle olerall siglal laflatlile illtle Lower
slectrul 113 [ere is a lacU)of correlatio s illtl e til e series [Tlolde! T2 1111 Figure 31 is a
exal|lle of tle fluctuatiol's of [row [l oise!lfs Lower slectrul] releals t at t'e olerall sl ale of
tlis tille series is dollilated [y low freluelciesl slow wales il dicatil g tlat it is Uiglly selfl]
correlated| 1] is is a solcalled ral do[| wall\correlatiol | "atter | [lrow iall[lotio[ T'wlere tl e [ext
Calue is [ust asall ra"do! fluctuatiol frol) tle [relious [aluel Tls el tioled earlier 1§l 1]
oise falls il etwee lwlite ald [row[ 1l oiselal d is do[lilated [y lo glval ge correlatiol 5]
wlicllcallleellseel il |Figure 31 1ts Lower slectru) sLows tlat tle lower frel uel cies
dolilate illlower Tut tlat Ligler freluelcies Lol etleless [ale sole il fluelce o ltle olerall

stale of tle tille series!]

A white noise

2
2

log power

B brown noise

log power

c 1/f or pink noise

log power

log frequency

Figure 3[ T atterls of [11Lwitel [T [ row [ lald [T il 1] oiselalol g wit! 1t eir "ower sl ectru!]

(Milde T2 11 [T
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"o claracteril’e [vise i la tille series as wlite[Trow[Tor [illTole slould exallile tle
freluelcy Lower slectrull of tle tille series [see Figure 311y doil g solole calldeterlile tle
Cower law scalil g relatio 111 e slole of tle regressiolllile of freluelcy [ersus Lower relresel ts
tle scalilg exlolelt of tle Lower law[ 1] [elltle slole of tle regressiollile is al Troxillately
Lero Lor 11f (1tLis il dicates tl e Lresel ce of wiite [viselwere all frel uel cies [ale e[ ual Lowerl]
a regressiolllile of a_Lroxilately (2 lor 1f Lildicates t e Lreselce of Lrow[ vise Lecause low
freLuelcies dollilute il Lower_uld a regressioliLe of a Lroxillately [1 [or 1If il dicates il 1]
Loisel]
Uill1loise Latter’s Lale Ceellfould il1laly Laturally occurri’g [TelolelalTxalllles
of tlese i clude trolical col Tectile Larialility [(Tlalol1le der 11l al g['1] Fraedric T2 11T

21T Toceallsurface tel 1 erature [Fraedric[ 11 ulscl11] [lelder 2U T 1 1Tecological "arialility

Mlelausti U Dalley (2110 T Tird collDulity collLositiol | [Storc T asto 111 el TTT2 12T
eartl Tuales [Telescal T luol ol 1] [ale Tal 20T 2[Mald DI seluelces 14 [1 Kalelol I[T2T ]
Marrl1] Kalelol N[ TT 1T Lart frol] Leil g [reselt il 1l aturel fractals ald Uil oise Latter’s [ale
also Ceellfould illexeril el tal studies il 1 estigatil g [ullalllelaliour 11 ese [relious fil dil gs
Cale [rolided ilterestil g results o 1[il 11 oise Latters il ullalllelaliour_ald tle [ossille
Cealilg of sucl1latter s 1o illustrate tlis[ tle followil g sectiollwill [reselt [ reious researc!]
fildilgs of lil1loise Latters ill[ullalllelaliourl]

Pink noise in human behaviour

CilT1loise Las [eellfould illseleral coglitile a'd "otor Lerforlla ce exerilelts[]

"xalllles of tlese are studies wlicllexalliled sl eeded wordTallilg [ToldelTTlallllrdel 1]
Curley 20111 Tall Crdel T Tolde 111 Curl ey 21BN recisiollail 1ilg [T illalts Tloslall]

Oassel a1 Tlox (1) Ualrde 1211 T k[ eecll Kellol Tl derso 11 lolde 11 Uallrde( TR 111
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reactiol1tile ald ley[coltact duratioll[Kello[ Tlelt TTlolde 111 Uall[rde T2 111 ald
locoUlotioll[Kiefer! Lliley (5T oc ley Tillard 11 Ual|[rde 1211 T11Kello al'd colleagues (21111
elelllylotlesiled tlat [illloise [ay [e auliluitous [rolerty of releated [leasures of "ullal’l
Cerforllalcel Tut wlat [ealil g callle gilellto tle fildil g of Lill1lvise il ullalllelaliour’]

ForolelTrelious researc|Las sLowli[ Tages Letwee |[i[ 11l vise a'd [ealt TT1[]
exalllle of tlis colles frol] researc It at Las sCow [t at a Lealt'y Leartleat is accolllalied (v a
[il Tl oise siglal Tlold erger [T argalal1] est[ 1] Maldell I 1111 oldl erger et al 1212 Telg
et alllll[TT1TDeliatio s froll t'is Latter 1L al e [eellsLowto [e associated wit lalluTealty
Ceart ratel For exal |[le[col gestile [eart failure s_ows Latterl's of [row [l oise il | eart [eat
ilterlals Tatiel'ts witl\a cardiac arr vt 1lialatrial filvillatiol ] roduced a wlite [oise [eart rate
Catterl1[Tlold[erger et al 1211 2[T]

Ctlerexalllles colcerled witl1[il 11 vise ald Cealt' Tcolle froll researcllo!]
Carlilsolls ald ClultiCgtol1s disease For arlil 5ol 13t Las [eel lfould tlat tle scalilg
exlolelts for gaitlarl] [olelleltlald sleecllall Doleilltle directiollof [row[ 1l viselal d t at
tle degree of del arture is associated witl 1t e sel erity of otl er syl tolls related to "arlil 50l 1s
Tal T aslilT alaldotol 1] Kwal T2 11T ol cerlilg Uultil gtol1s[ Tlausdorff ald colleagues
(1T T T sLowed tlat strideli terlal fluctuatiols of [eolle witl 1 lultil gtol'1s disease a'd elderly
Ceolelwlile wallilgliwere [ore raldol1[ L at is towards witel col | Lared to [ealt'y or youl ger
Ceolelwlose stridelil terlal fluctuatio s were (il 1111l e fildil g tlat [ealt!is associated wit!]
tle fildilg of Uil 11l vise Latter s suggests t e Lossilility tlat [i[ 11l oise is a [larler for Lealt'y
‘ullallCelaliour T e [relious fil dilgs of [il Tl vise illcoglitile ald [lotor [erfor lalte tas's
could il dicate tl at it is Lot ol'ly a Uarler for Lealt | [er sel 1ut for good or [ealty Terforllal ce

iltlese doUails as welll
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a1 Urde 1200 U1 Tut forward tle [y Lot esis tlat sulTorts tlis clail1[1le argues t at
[il Tl oise siglals tle Lealt'y coordilatiol |l etweel 1l ot | olutary al'd il Tolul tary co trol]
Colsider t e fildilgs il arlilsol1s disease: [ e scalilg ex['olelts [lole il 1t e directiollof
"rowl 1l oiselald t'is is associated wit! 1t e sel erity of tle syl tolls Tal 11 aslilTlallalloto!]
O Kwal 1201 T alUrdellil terlveted tlis as [eil g tle result of il creased [olultary coltrol:
Clecause [arlilsol'1s [atiel'ts [ale to exert [lore wilful Tolutary col trol oler tleir [olelelts[]
tlis releals alloerlvegular T row [ 1scalil g relatiol 111 e o[ Tosite "as also Leel lfoul d il 1t at tle
scalilg exlolel't [oles towards wlite Loise 11lis was foul d i ltle [easurellelts of elite [ullet
dal cers! I osturelrel ealil g a wlite [Loise Latter T ereas suclla [atterllis [ ot foul d illordil ary
adults or elite atl'letes w0 are Lot da cers [Sc11it[ T legis 1] Uiley [R2[T T allllrdelsuggested
tlat tlis fildilg il dicates tl e [resel ce of auto!laticli Tolultary coltrollas aresult of extel sile
trail ilgl ol g tle fildilgs il 1L arlilsol1s ald elite [allet dal cers!1il 1]l bise could "e
ildicatile of tle Cealty coordilatio [ etwee |l olu tary ald il Tolultary coltroll]

Clotlerilterestil g fildil g colles frol]l [1illlalts ald colleagues (2 T1 11w o foul d tl at
trail’ilg callaffect scalil g relatio s 1 ey Lad Larticila'ts Lerfor] a Fitts tracil g tas![ultille
tilleslillorder to exallil'e clal ges il It e scalil g relatiol s 11t is tas! [ Tarticilal ts [ad to draw a
lite as Luicl'ly ald accurately as [ossil le Letweelltwo Lisually [resel ted targetslal d tl ey [ad to
do tlis colsecuti"ely 1111 1ti[les[ 1Ttotal(t ey [erforled tl e tas'lfile ti les 1] [at tley foul d
was tlat Larticilal'ts sLowed clearer Latterl’s of [il 11l oise olertle course of tl e fil e
exlerillel tal trials! 1 is attractiol \towards Uil 1]l oise could il dicate tl at Larticilal'ts sLowed
Core wilful Tolul tary coltrol oler tleir actiol’s [ilellll etter coordil atiol 1 as a result of tle

reletitiollof tl e tas[ 1]
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Pink noise and word naming

"o get Lacllto tle tolic of tle Lresel t study[Tallely Uil 11l vise al d its relatiollto
sleeded word Lallil glit Las LeellsLow [t at sleeded wordTallilg sl ows sigls of Leil g fractal]
Cecause of t'e [resel ce of il 11l vise il It e data [Tlolde 11 all rde! 1] [urley2[TT 11 al]l
Crdel 1T lolde 111 [urley 21BNt ese studies Tarticilal ts Lad to "alle 111201 Lisually
“resel ted words as fast as Lossi lel[ 11 e resulti’ g til e series of tLe resl ol se til les al I eared to
Ce Uil 1T suggestil glillligl't of Uallllrdells (2L [Ty otl esis(tl at tle Larticilalts sLowed a
Cealtly coordil atio | etweel 1lolu tary ald ilTolultary coltrol durilg tle tas! 1 1rigilally]
Cowel erltlis coglitile tasUis Lelieled to elicit autolatic coglitil e [rocesses [Tlallllrdel 1]
Coldel 11 Turley 21T T ut tle fildilg of [il 11l bise [rilgs tlis assulll[tioilldoul t[ T usif
"il Tl oise il dicates t"e coordil atio |l etweel | olul tary ald i'Tolul tary coltroll as suggested [y
a1 Urde 11200 U1t el 1t lis would il1Uly tlat tlere are also Lolultary coltrolled [rocesses
actile duril'g sl eeded word!Ta il glrat"er t"alllust autoatic coglitile [rocesses

"o exallile tle Lossilility t"at Lolultary cotrolled [rocesses are actil'e duril'g sl eeded
wordlalli gl tle currel't study will try to alswer t"e Luestiollof Low i1l oise [lalifests itself
illwordTallilglald Uore slecifically Uif ald Cow reletitiollaffects tl e [oise siglall 1 e first
"vlotlesis is tlat releati’g a word Tallilg tas'will lead to clearer [utter’s of il 11l vise il lt’e
datalald tlat tUis effect is el el Istrolger wl e[t ere are [ore lear il g o[ Tortulities [ile[ll]l lore
reletitiollof words witlilltl e tas[ 1 1f a sLift frol] wlitel#[ [ vise towards i1 ler I oise is foul d]
tlelltlis could il dicate tlat [olultary coltrolled 'rocesses are actile duril'g word Tallilglald
tlus Uore coordilatiol T icllwould suTort tle clail| Uade [y [allUrde 11200 [T Cat [ilT]
Coise could siglal t"e Tealtly coordilatio 1 etweel |l olultary ald il Tolutary [rocesses!]

"l'e secol d [yl ot esis is tlat tlis Lotel tial sUift towards il 11l vise will [e clearer for a
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foreiglllal guage [T glis[1col | Lared to a Latile lal guage 'Dutc115il ce for a foreigllal guage
tlere [ligl't e [lore Leed for coordilatiol lw el lreadil g words Krolll Miclael[T o owicllald
Dufour 212 foul d tlat secol d la guage [allil g tilles were slower tLa It bse of tl e first
lalguagelal d tlis could il dicate t uat t'ere is [ore [eed for coordi atiollw e lreadil’ g a foreig!’|
lalguagelal d tlus [lore Lotel tial for clal ges illtl e [oise Latter 11sul: Does tle a'loult of

reletitiollwitlilla taslaldlor lal guage [Uatter to tl e ol serled [vise Latter! 1]

Method

Participants

Cllirty [four studelts [32 wollel Ttwo [el I Mage [ I 1llyears’age ral ge: 11120 years!]
froll tle Uadloud Ulilersity [illegellreceied course credits il lexcl ul ge for Larticil atiol 1]
"lCe olly two criteria for Larticilatiowere tlat Larticilal'ts Lad [o lal guage i) airJel ts[sucl
as dyslexialal d tlat Dutclwas tleir first la_guage T articil alts were ral dol1ly assigled to ole
of tlree exerillel tal colditiol s 1 e data of ole fel lale Larticila t was excluded froll tle
alalyses[ Tecause of tec! Tical [rollells witl1tle data recordil g/

Clefore [otllexerillel ts tle [articilal ts [ad to collllete a sl ort tasto deterl il e tleir
readil g fluel cy [ Fortle Dutcllwords tlis was dole [y [resel ti g t'e Larticilalts witItle el 1]
Milyut Test [Trus [ Uoete T [T 3Tillwliclltle Larticilal'ts [ad to read out loud as [al'y
words as Lossille witlillole [ilute M [111] wordsSD [1[13[Tralge: (111111 lwords 111t e
case of tle Ll glis lwords tlis was a list colsisti’ g of [Tlwords adol ted frol| tle study [y
Koelellald Uisser 2] [ Tsee [ Teldix[Twliclltley Cad to read out loud as [uiclly as [ossillel]
witlout a tilelillit IM 12013 Isecolds[SD 131 Tralge: 2[1113secol ds[T]

Stimuli

"'e words used il ltl e [resel t study [ Totl 1t e Dutcllald [ glis{ T were collected froll t'e
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ollile LTI [datal asel 11 e ol 'ly criteriol |for selectiol lwas a word freluel cy il \tl e ra ge of
10to 11T Cer Uilliol'11] ords tl at could affect tle colcel tratiollof tle Larticilal'ts[sucllas dirty
words lelgllsex related words! or words tlat Lale Tultille [ealil gs lelgltl e DutcIlword
TaalTwliclleal’s [ole[Tut is also used as a dirty word were relJoled[ 1lsolillcase of
strol gly related words sucllas si_gular [ lural lelg(tree(trees Tole of two was reloledlil]
tlis case tle [ural Tlfter rellolil g tlese words[ tle total [ulller of Dutclald [ glisUlwords
were 3121 ald 21T [resectilely[ 11 e [eal lword lel gt[lof tle Dutcllwords was [letters 't e
Dili0ull was 2 letters ald tle Uaxillul)l tulller was 211 For t e [ glis[lwords[tl e [eal lword
lelgtliwas UlettersUwitlla [ililTlull of 2 ald a DaxiTlull of 1Uletters Tl e words used il 1t e
Callilg tasUwere raldol1ly draw(frol] tlese lists for eacUlil dil'idual sel arately "suclt at eac!
Carticilal t was [resel ted witla ul'iue set of words!]
Materials

[ Trille 2T [Mksyclology Software [ools TlcTwas used for tle exerillelt Tldditiolal
Claterials il cluded a des " tolcoll [ uterla lalto! Ta Lutto1loxald a UicrolTolelT1le wordl
Callilg exlerillel't colsisted of t ree col ditiol’s: 1t ree differel t word sets of 111 T1words!]
20 tlree idel tical word sets of 111 1wordslald 3t ree idel tical word sets of 1111 TIwords
col sistiLg of fouridetical word sets of 2[ 1 lwords[11s [lel tiol ed earlier eac Il artici"al't was
“resel ted witlla ulilue set of words T welle Larticil alts were raldol1ly assigled to tle first
colditio 1Tileto tlesecold aldtwelletot et ird 1 ecolditiolla larticilalt was il
rellailed tl'e salle for Lot |1 Dutcllald [ glis['1]
Procedure

‘e exlerillel't too [ lace o two selarate dayswitlexactly ol e weel lillletweel 11 e

first day tle Larticil alts were [resel ted wit |Dutclwords[tl e weelafter wit | [ glis[lwords!]
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[t tle start of eacllex[eri e[t Tot for tle Dutclald [ glislcolditiol s a [lessage ol tl e
collluter screellexlailed tl'e [rocedure to tle Larticil ults[ 1 lextla [ractice list colsisti g of
twelty words was [resel ted to falliliarile tle [articilal'ts wit 1t e ex[eri e[ t[ 1 ese twelty
Cractice trials were ol ly [reselted to tl e [articilal'ts Lefore tl e first exerillel tal list fortle
DutcUlas well as tle [l glisllwords[ Tfter t'e [ractice trials al ot "er screel lwitIsolle additio al
ilforatio\al T eared after wliclt e first list of 1111 lexerillel tal trials "egal 1]

Caclltrial TegallwitUa fixatioUsiglal [T Tt at rellailed Uisille for [1110s[Tlis siglal
was followed [y tle word to resl o d tol 1 e Larticilalts [ad to [voloul ce tle word Tresel ted
illtle cel ter of tle screel Tas [uiclly ald accurately as Lossille il'to tle [icrolTolellf [0
reslolse was recorded after 1 secol ds( tle trial til led out al'd tl'e Lext trial legal 11l e il ter!]
trial il terall'tle til le Letweel 1 vol ul ciatiolald tle fixatiolIsiglallwas set at 2 T1[1s[ Durilg
tleexlerillel't tle exerillel ter sat "uietly [elild tle Larticilal't ald recorded al'y errors [lade
illCrolulciatiolor failures i1t e data recordil g leélglw el tle UicrolTol e did Lot record a
Trolul ciatio 111 Ifter eacIsessiollof 1111 ex[erillel tal trials tle Larticila ts [ad a 11 T1il ute
Treal T Duril g tlese [reals tle Larticilalt ald ex[eril el ter left tle rool] for a recreatiolal wall’l
or a cullof coffeel 1t too | Larticil alts al Troxilately 1 lour ald [T1ilutes to co |l lete t'e
el tire exLerille[ tlil cludilg tle two tilles 1[11ilute [real s 11 is was tl e case for Lot tle
DutclUald tle [ glisUcolditiol 1]

Analyses

Ulefore t'e data were aalyed[ tl e ervors tlat were recorded [y tl e exeril lelter duril g
tle exlerillel'ts were deleted frol] tle reslolse tille data 1l e uller ald lower lil lits for
extrelle rellolal were set at 1[11s ald 1111 sl to el sure tlat ervorsiwliclltl e exerilel ter

failed to recordwere also rel ol ed frol| tle data Tlexttl e reactioltilles tat were larger or



000D 0OMIDI0O 00D 000 OFFOD0 OF D000 o 00D 00oooodg 101

sUaller tCallt ree tilles tle SD froll tle [eal lwere also relloled! T1lis was dole to el sure tl at
ilTerel't Uiases il ltl e al Tlied til e series a_alyses were elilil ated [see [lolde 12T 111w/ ile still
reslectil g tle il tralildilidual differel ces il lreactiol Itilles illall tlree ex[erillel tal groul's
[ illalts et alI2CU [T o tille series tlat did Lot Ueet tle rel uired le gt of 1112 \data [0il ts
aftertle rellolal of errors al d extrelles! Leros were added For tlose tille series tLat col sisted
of Uore t_all1M20data [0ilts after rel 1ol al of errors al'd extreles| tle first data [oil ts i 1tle
tille series were rel 1ol ed ultil tle le[ gt atcled tle reluired 1112 trials[ T lext[ t e tille series
were detrel ded[ Detrel dil g tl'e til le series reloles lilear ald "uadratic trel ds frol tle datal]
wlicllaloids oteltial Uiases il 1tl e estil lated s"ectral slo"es al'd fractal dille[ siols [Toldel T]
20T FiCally 't e data was Lorlali"edw icllresulted i1t e tille series [alilg a [leallof [ero
ald a Laria ce of ole [Tolde T2 T T 111 lext t e two tyes of Lol lilear alalyses used to
deterllile tle fractal dil el siol’s i1t ese tille series will e discussed
Spectral analysis

rougla Fast'Fourier [ral sfor atio Tsectral alalysis tral sforlls tle til le series frol
tle tille doUail lillisecoldsilto a freluelcy doUail)[TI[TIT] illlalts et al M2 TTITT] Cat tlis
Trocedure does is fil dil g tle LestlfittiLg sull of sile ald cosile wales t_at are [reseltillt e
tille series ald [uts tleir freluel cies al'd allllitudes ol a logllog scale T1l'e slole of tl e
slectral [ots is of il terest [erelsilce it siglals tle relatiol 't at is [reselt Letweel It e
freluel cies ald allllitudes it e datal 1 e fractal dillelsiolresultil g froll tle s ectral al alysis
callle oltailed wit\tle use of tle eluatiol 11 [1[V 1120wl ere V is tle al solute [alue of tl e
slectral slolel’]

) Lile sUectral alalysis reluires extel kil e [relrocessil g of tle datal al d extre e [alues

callco tallilate tle outcolle [leasureslit is [ery rolust il1[laly otler aslects [Tolde T2 111114
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Trolides a clear [easure of t'e scalil g relatio il 1t e lower freluel ty regiollof tle slectral [lot]
Detrended fluctuation analysis (DFA)

Detrel ded fluctuatiolal alysis rel resel ts tl e relatiol |l etweel [ relset wildow siles of
datalwlicllilltle [reselt study ralged frol| [to 1121 ald tle [eallstal dard deliatiol’s of tLis
wildowed datal s a first stel 1 tle tille series is dilided il to [ils of el ual siles[w(icllare [o[1]
olerlalTilglTlextlilleacl1illtl e locally "estlfit lil'e is sul tracted! Filally[te root1leal 1]
sluare of tlese [illed al'd locally detrel ded tille series is coll Luted for wildows of tle salle
silel Tlis [rocess is rel eated across il creasil g wil dow siles[ Teyold t"e lillits of tle actual data
set[ 1] scalilg ex[oleltis oltailed [y Uottil g tle al erage fluctuatiolacross tl e i creasil g
wildow siles olla logllog scalel Tl e fractal dillel sioresultilg froll tl e detrel ded fluctuatio!]
alalysis callle ol tailed witl 1t e use of t e eluatio 12 1" [wlere" is tle scalilg ex[olelt of tle
alalysis[1Tcoltrast to slectral alalysisUdetrel ded fluctuatiolalalysis [DF [ does [ot reluire
tle arlitrary settil g of Lara leters wlile still "eil g relialle ald rolust [Tl e[ Tlerl][ 1T Kocsis[1]
Kolal 1201201

Results

Celeated [easures alalyses were colducted ol lall of tle [leasured [ariales [see [alle
11T s resulted iUla 2 x 3 [Tal guage [Dutc 111 glis[Tx SessioJ[1[ 2 B[Twitlillsullects
desigl 11 e [etweellsullects Larialle was colditiol1[To reletitiol 1 tlree til les 11T lwords!]

tlree tilles [x2[ 1 words 111t e followil gl for eacllsel arate Larialle tl e results of tl ese
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Table 1.
Descriptive Statistics of the Measured Variables

Condition
No repetition 3 x 1,100 words 3 x 4x275 words
(n=12) (n=9) (n=12)
Session 1 2 3 1 2 3 1 2 3
Dutch
Mean Response 493 484 471 546 519 493 500 468 460
Time (ms)
Mean SD (ms) 81 82 84 103 83 72 72 61 64
Mean Number 45 45 56 56 45 41 26 18 20
of Errors
Mean Task 23.39 23.05 22.75 24.82 23.90 23.20 23.27 22.57 22.44
Duration (min)
English
Mean Response 559 554 545 603 555 542 534 494 475
Time (ms)
Mean SD (ms) 116 113 111 115 91 82 97 69 70
Mean Number 51 49 45 50 31 34 40 18 14
of Errors
Mean Task 24.57 24.46 24.20 25.45 24.24 24.14 24.04 22.99 22.66

Duration (min)
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analyses are presented. First, the descriptive statistics of the variables used are discussed
followed by the fractal dimensions.
Descriptive statistics

Mean response time. The three-way interaction effect was non-significant for mean
response time, F(4, 60) = 1.89, p =.11. The Language x Condition interaction was significant,
F(2,30)=15.53, p=.009, as well as the interaction effect of Session x Condition, F(4, 60) =
7.91, p <.001. The main effect of Language was also significant, (1, 30) = 65.52, p <.001,
indicating that Dutch words were read faster than English words. To further examine these
interaction effects, one-way ANOVA’s were conducted. The results of these analyses can be
found in Table 2. For mean response time, all changes across sessions were significant,
indicating that across sessions the mean response times reduced: Participants responded faster to
the stimuli. Furthermore, the Dutch response times were significantly faster than the English
response times.

Post hoc analyses revealed that, in the Dutch condition, both the group that received no
repetition (p = .02), as well as the group that received the stimuli three times 4x275 words (p =
.006), had significantly faster response times than the group that received three times 1,100
words. In the English condition, the group that received three times 4x275 words had
significantly faster response times than both the group that received no repetition (p = .02) and
the group that received three times 1,100 words (p = .006).

Mean standard deviation. For the mean standard deviation, there was no significant
three-way interaction effect, F(4, 60) = .42, p =.76. There were no significant Language x
Condition, F(2, 30) = 2.40, p = .11, or Language x Session interaction effects, F(2, 60) = 1.48, p

=.24. The Session x Condition interaction effect was significant, F(4, 60) = 7.67, p <.001. The
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Table 2.
F-Statistics of the Measured Variables

19

Mean RT Mean SD Mean Number of Mean Task Duration
Errors
Session F n P F n )4 F n p F n p
1
Dutch 8.40" 43 .002 08! 01 91 1.12° 11 35 481! 30 04
English 3.53" 24 047 230 02 79 g7 07 47 329" 23 .06
2
Dutch  35.04° 81  .001 7.19 47 .006 2.60? 25 13 20.10? 72 .001
English 35.04> .81 .00l 17.42> 69 .00l 588> 42 .01 2322 74 .001
3
Dutch  15.79! 59 .002 9.79! 47 .006 3.32! 23 .06 13.90" 56 .002
English 19.73' .64  .001 728" 40 .01 559" 34 .04 22.73' .67 .001

"Degrees of freedom (2,22)
*Degrees of freedom (2,16)
? Degrees of freedom (2,18)
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main effect of Language was also significant, F(1, 30) = 17.21, p <.001, indicating that the
Dutch response times were less variable than the English. To further examine these effects, one-
way ANOVA’s were conducted. The results of these analyses can be found in Table 2. The
groups that received repetition both showed a significant decrease in variability across sessions,
both in the Dutch and English conditions, indicating that their response times became less
variable. This was however not the case for the group that received no repetition.

Post hoc analyses revealed that there were no significant differences between groups in
the Dutch condition, only a marginally significant difference between the group that received
three times 1,100 words and the group that received three times 4x275 words (p = .07). In the
English condition, there was only a significant difference between the group that received no
repetition and the group that received three times 4x275 words (p = .003), indicating that the
latter group is less variable in their response times in the English condition than the first. There
was no difference between both repetition groups in the English condition.

Mean number of errors. There was no significant three-way interaction effect, F(4, 56) =
.82, p = .49. There was neither a significant Language x Condition interaction effect, (2, 28) =
1.63, p = .22, nor was there a significant Language x Session interaction effect, F(2, 56) = 2.11,
p = .14. The Session x Condition interaction effect was significant, (4, 56), p = .03. However,
the main effect of Language was non-significant, F(1, 28) = .17, p = .69. Thus, the mean number
of errors was the same for both Dutch and English. To further examine these effects, one-way
ANOVA’s were conducted (see Table 2). The group that received three times 1,100 words only
showed a significant decrease in the mean number of errors across the English sessions, whereas
the group that got three times 4x275 words, showed a marginally significant change in the Dutch

condition, as well as a significant change in the English condition. The group that received no
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repetition showed no significant changes in either the Dutch or the English condition.

Post hoc analyses revealed that, in the Dutch condition, the group that received three
times 4x275 words made significantly fewer errors than the group that received no repetition (p
=.02) and the group that received three times 1,100 words (p = .04). In the English condition,
there was no significant difference between both groups that received repetition, but there was a
significant difference between the group that received no repetition and the group that received
three times 4x275 word (p = .01), indicating that the group that received the most repetition
made significantly fewer errors than the group that received no repetition.

Mean task duration. The three-way interaction effect was non-significant, F(4, 60) =
2.17, p =.09. The Language x Condition interaction effect was significant, F(2, 30) =3.42, p <
.05, as was the Session x Condition interaction effect, F(4, 60) = 7.05, p <.001. The interaction
effect of Language x Session was non-significant, (2, 60) = .53, p =.57. However, there was a
significant main effect of Language, F(1, 30) = 28.86, p <.001, indicating that participants
completed the three Dutch sessions faster than the English sessions. To further examine these
effects, one-way ANOVA’s were conducted (see Table 2). The group that received no repetition
showed a marginally significant change across sessions in the English condition, whereas the
task duration in the Dutch condition reduced significantly across the sessions. Both groups that
received repetition showed a significant decrease in task duration across sessions in both the
Dutch and the English conditions.

Post hoc analyses revealed that there was only a significant difference in the Dutch
condition between the groups that received repetition (p = .01), indicating that the group that
received three times 4x275 words took significantly less time than the group that received three

times 1,100 words to complete the task. In the English condition, the group that received three
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times 4x275 words took significantly less time than both the group that received no repetition (p
=.02) and the group that received three times 1,100 words (p = .01) to complete the task.
Fractal dimensions

Fractal dimensions (FDs) were calculated by averaging the resulting fractal dimensions
of the spectral analyses and detrended fluctuation analyses. Table 3 summarizes the descriptive
statistics of these averaged fractal dimensions. The three-way interaction was non-significant,
F(4, 60) = .62, p = .64. The Language x Condition interaction effect was also non-significant,
F(2,30)=1.58, p = .22, nor were the Session x Condition, F(4, 60) = .93, p = .45, or the
Language x Session, F(2, 60) = 1.84, p = .17, interaction effects. The results showed that there
was also no significant main effect of Language, F(1, 30) = 1.04, p = .32, or Session, F(2, 60) =

2.10, p = .14. The between-subjects effect of Condition was also non-significant, (2, 30) = 1.37,

p=.27.
Table 3.
Descriptive Statistics of the Fractal Dimensions
Condition
No repetition 3 x 1,100 words 3 x 4x275 words
(n=12) n=9) (n=12)
Session 1 2 3 1 2 3 1 2 3
Dutch
Mean FD 140 142 140 1.41 142 142 1.38 142 144
Standard 0.05 0.06 0.06 0.08 0.07 0.04 0.07 0.08 0.10
Deviation
of FD
English
Mean FD 143 141 1.44 146 143 145 1.39 139 141
Standard 0.06 0.04 0.06 0.04 0.03 0.07 0.05 0.04 0.06
Deviation

of FD
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Further investigation of the separate conditions and languages showed that there was a
marginally significant change in the fractal dimension of the three times 4x275 words repetition
group, F(2, 22) =3.06, p = .07. Both the no repetition, F(2, 22) = .38, p = .69, and three times
1,100 words repetition, F(2, 16) = .25, p = .78, conditions showed no significant changes in the
fractal dimensions across sessions. Post hoc analyses revealed that there was a significant
difference in the English condition between the groups that received repetition (p = .01), such
that the group that received three times 4x275 words had significantly lower fractal dimensions
than the group that received three times 1,100 words.

Next, it was examined whether the fractal dimensions correlated with the scores on the
fluency tests. As can be seen in Table 4, there were no significant correlations between the
fractal dimensions and the scores on the fluency tests for any of the groups. The two fluency test
scores, on the other hand, were strongly correlated, #(31) = -.64, p <.001.

As a final test, all fractal dimensions (¥Ds) were subject to a one-sample t-test in order to
compare them with the fractal dimensions of perfect white (FD = 1.5) and pink noise (FD = 1.2),
to find out whether they differed significantly from either or both of these values. The resulting
statistics of these analyses can be found in Tables 5 and 6. Table 5 reveals that all fractal
dimensions differed significantly from perfect white noise, except for the third Dutch session of
the group that received three times 4x275 words, which was only marginally significant (p =
.07). Thus, all fractal dimensions were significantly lower than that of perfect white noise. All
fractal dimensions were also significantly different from perfect pink noise, shown in Table 6.
Thus, all fractal dimensions were significantly higher than that of perfect pink noise. In sum, all

fractal dimensions were neither white nor pink.
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Table 4.
Correlations Between Fluency Tests and Fractal Dimensions
EMT English Fluency Test
FDs Dutch English Dutch English
No repetition
1 .14 -.17 -11 31
2 25 .52 .01 12
3 33 -17 -.83% 25
Three times
1,100 words
1 -.11 -.34 .15 11
2 27 -34 -39 .34
3 -35 .29 -.16 -40
Three times
4x275 words
1 -.08 .01 .13 -.30
2 -.55 .01 28 28
3 .06 .16 -.36 -.06
* Correlation is significant at the 0.01 level (2-tailed)
Table 5.
T-Statistics of the Comparison Between the Fractal Dimensions and Perfect White Noise
Test Value = 1.5
No repetition Three times 1,100 Three times 4x275
(n=12) words (7 =9) words (n =12)
Session t df p t df p t df p
1
Dutch -6.61 11  .001 -3.59 g8 .007 -6.41 11 .001
English  -3.98 11  .002 -2.97 8 .018 -7.42 11 .001
2
Dutch -5.07 11 .001 -3.34 g8 .010 -3.58 11 .004
English  -7.54 11  .001 -7.05 g .001 -8.28 11 .001
3
Dutch -5.94 11  .001 -6.28 g .001 -2.04 11 .07
English  -3.58 11 .004 -2.37 8 .045 -5.48 11 .001
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Table 6.
T-Statistics of the Comparison Between the Fractal Dimensions and Perfect Pink Noise

Test Value = 1.5

No repetition Three times 1,100 Three times 4x275
(n=12) words (n=9) words (n = 12)
Session t df p t df p t df p
1
Dutch 14.08 11 .001 7.88 8 .001 9.23 11 .001
English 12.22 11 .001 17.05 8 .001 13.21 11 .001
2
Dutch 13.55 11 .001 8.75 8 .001 9.43 11 .001
English  17.84 11 .001 21.15 8 .001 15.00 11 .001
3
Dutch 12.58 11 .001 18.46 8 .001 8.02 11 .001
English  14.98 11 .001 11.09 8 .001 12.06 11 .001
Discussion

The present study set out to examine noise patterns in word-naming data, and more
specifically, whether the amount of repetition and language matter. The first hypothesis was that
more repetition would lead to clearer patterns of pink noise, and the second hypothesis was that
the change in the noise pattern would be stronger for the second compared to the first language.

The changes in the descriptive measures show that the more repetition there was within
the task, the faster participants responded, the less variable they were in their responses, and the
fewer errors they made, as well as that Dutch words were read faster than English words, despite
the fact that English is their second language. This provides evidence for the suitability of the
experimental set-up for examining learning effects across the sessions, as previous studies of
word naming found, for example, similar results concerning response times, accuracy (i.e., error
rate), and second language naming (Kroll, Michael, Tokowicz, & Dufour, 2002). Thus, the
reliability of the results of this study are in no doubt.

The results provide some evidence for the finding of pink noise in word-naming
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experiments. Fractal dimensions were lower than that of perfect white noise, but also higher than
that of perfect pink noise. Due to the properties of word-naming data, such as the variability of
words, word length, etcetera, pink noise signals are observed less prominently in word-naming
experiments, that is, the signals tend to be somewhat whitened. This is because these random
word properties decorrelate the pink noise signal (Van Orden, Holden, & Turvey, 2003). Thus,
the results do provide evidence for the presence of partly decorrelated pink noise in the data, as
the values of the fractal dimensions in the present study are comparable to those found by Van
Orden, Holden, and Turvey.

However, none of the three experimental groups showed clearer patterns of pink noise
across the subsequent sessions. Rather, their fractal dimensions remained similar across sessions.
Thus, the hypothesis that the pink-noise signals would become clearer across sessions could not
be confirmed. This is not in line with the findings of Wijnants and colleagues (2009), who did
find clearer patterns of pink noise across trials. However, in their task the participants actually
had some sort of voluntary control over the reaction times, in that they were the ones that made
the actual movements. In the present study however, the participants were exposed to
uncontrollable intertrial intervals, and thus the inability to self-pace the naming (i.e., involuntary
control), which could have led to the absence of pink noise changes across sessions.

Indeed, it has been found in stride intervals that these become more random when the
movement is not self-paced, due to the instruction to walk to the beat of metronome (Kiefer,
Riley, Shockley, Villard, & Van Orden, 2009). As an explanation for this, Hausdorf and
colleagues (1996) proposed that this entrainment to the metronome provides a constraint to the
normal timing of the strides. Van Orden, Holden, and Turvey (2003) provide a more general

explanation: External factors can change the task demands, which in turn affect the measurement
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of pink noise. As for the present study, it is possible that the variability of the intertrial intervals,
and thus the inability to self-pace the responses, constrained the participants’ normal timing of
the responses, which in turn affected the measurement of the pink noise signal. And, as Holden,
Choi, Amazeen, and Van Orden (2011) stated, “Unsystematic inter-stimulus or inter-trial
intervals ... will whiten a fractal pattern that would otherwise be apparent” (p. 941). Future
research should therefore look for possibilities to use fixed intertrial intervals after a
pronunciation has ended, that is, that the intertrial interval sets in affer the word has fully been
pronounced.

Another possible explanation for observing no changes in the fractal dimensions could be
that the level of reading proficiency of the participants, just like the earlier mentioned elite ballet
dancers, was at such a level that there was no need for (more) coordination across the sessions,
as they could have started at a level which was suitable for fulfilling the task requirements. As
Spieler and Balota (2000) stated, the majority of language learning can be expected to be
completed by the age of young adulthood. In light of this, it is plausible that the fractal
dimensions do not change across conditions, since there is nothing left to be learned. Compare
this to riding a bicycle: When you know how to ride a bicycle, and you are told to ride the same
route multiple times, it can be expected that you take less time to ride the route, since you might
take shorter turns, etcetera. However, the way you ride your bike probably stays the same. The
same may be true for word naming: You get faster, make fewer errors, etcetera, but the word-
naming process itself, as shown in the fractal dimension, stays the same. Following from this, it
could also be the case that such tasks are unaffected by learning from a certain age. Therefore,
future research should examine different age groups, in order to answer this question.

The second hypothesis was that the noise patterns in the English condition would tend to
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become more pink across sessions than those of the Dutch condition, but the results do not
support this hypothesis. This hypothesis was based on the idea that, since English is a second
language, it provides more opportunities for learning, and thus more opportunities for noise
patterns to change. Again, the absence of any changes in the fractal dimensions, and no
differences between Dutch and English, can be attributed to a level of language learning that, as
stated earlier, is to some extent completed (Spieler & Balota, 2000). Thus, it is possible that the
words used in the present study, for both Dutch and English, are too simple to produce changes
in the fractal dimensions (i.e., the task coordination). The finding that the mean number of errors
for both Dutch and English did not differ supports this additional hypothesis. Future research
should therefore examine whether or not such changes are present when using more difficult
words, such that there is a difference in task difficulty between Dutch and English.

Although the results of the present study did not support the hypotheses, it has provided
useful insights for follow-up studies. The process of word naming is not random, since partially
decorrelated pink noise signals were observed in the data. Thus, there appears to be more to it
than just automaticity of reading. Furthermore, the absence of changes in the fractal dimensions
across sessions does not take away the possibility of such changes. Maybe such changes are only
present up until a certain age, and finding out whether this is the case, could provide useful
information with respect to reading instruction. Furthermore, if the amount of repetition (also)
affects these changes, then this would provide a framework for enhancing the coordinated
reading behaviour of students, such that they are provided with reading instruction that provides
them the most opportunities for effective coordination while reading. Also, this issue may be

relevant for remediation of students with reading problems (e.g., dyslexia) as well.
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climb
doubt
thumb
black
rock
Scissors
odd
grandson
traffic
sign

egg
daughter
light
stomach
ghost
knife
knee
knock
tall
walk
autumn
receipt
dress
island
listen
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Appendix

English Fluency Test

absent
job
pub
public
fact
scream
mad
gladly
left
spring
dog
danger
leg
hungry
habit
keep
kidnap
milk
salt
garden
stamp
task
sister
victim
king
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