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Ihe Role of Subvocalizationin RehearsalandMaintenance

of Rhythmic Patterns

Jordi Pich
Universilyof BalearicJslands

This experimentanalyzediheinfluenteof subvocaL activity in retention of rhythmical
auditorypatterns.Retentionof sixteenpercussionsequenceswas srudied.Eachsequence
(a 4-s “door-knocking”pattern)was followed by oneof the following six retention
conditions: silence,unatrendedniusic (blockingdic ¡mier car, e,, Gregorianciianting),
unaltendedmusie (blocking Ihe innercar, ¡e., rock-and-roll), arciculatorysuppression
(blocking the inner voice), tracingcircíeson the table with index finger (spatial task),
andtapping (motorcontrol). After silente,unatíended‘nusie (chanting),or the spatial
rask,participanissuccessfullyreproducedmostpatrerns.Errors increasedwith unaltended
music(rock-and-roll),but significantdisruptionsonly occurredwith tapping andarticulatory
suppression.Whereasdic latrercasesupportsthe roleof an articulatory loop in retention,
thcproduction of successivemps or syltab]es o both interferenteconditionsprobably
relieson a generalrhythm module, which disruptedretentionof the patterns.
Key words: auditory imagen, rhythmperception

En este experimento se analizó la influencia de la actividad subvocal sobre la retención
de patrones rítmicos auditivos. Se investigó la retención de dieciséis secuencias de percusión.
Cada una (de 4 seg. y semejante a la típica sucesión de golpes llamando a una puerta)
iba seguida por una de las siguientes seis condiciones de retención: silencio, música no
atendida <bloqueo del oido interno, e., canto gregoriano), música no atendida (bloqueo
del oído interno, e., “rock-and-roll), supresión articulatoria (bloqueo de la voz interna),
dibujar con el dedo índice circulos sobre la mesa (tarea espacial) y golpear regularmente
con la mano sobre la mesa (control motor). En las condiciones de silencio, de música no
atendida (canto gregoriano), o en la tarea espacial, los participantes reprodujeron con éxito
la mayoría de las secuencias. Los errores aumentaron en la condición de música no atendida
(‘rock-and-roll’), pero sólo hubo interferencias que fueron estadisticamente significativas
en las condiciones de control motor y supresión articulatoria. Mientras esta última condición
apoya el papel del bucle articulatorio en la retención, la producción de golpes o de sílabas
sucesivas en ambas condiciones experimentales depende, seguramente, de un módulo
rilmico general, que perjudica la retención de los patrones.
Fa/abras clave: imágenes mentales auditivas, percepción del ritmo
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Cognitive rescarchregardsvarjeustypesof audi¡ory

memoryrepresentations(spcech,music.or noise)as mental
irnages[bat resemblerhe original experienceof liea¡ing a
particularsound.Human beings actuallyappearlo be able
lo conjurenp frem memoryIhe rece]Icctjons of aunLory
events,such asIhe timbre and intonation of a friend’s voice,
Ihe rnelody,rhylhm, andlempo of a syrnphony,or [he sound
of breakiug glass.

Qn Ihe oíha hand, imageryrcsearchhascstab¡isheda
rela[ionship betwecn mental imagery and [he working
memory(WM) modo! originally developeclby l3addeieyand
Hilch in 1974. Specifically, the visualcomponentof Ihe WM
model ([he visue~spatial skechpad) wasshown w be involvec¡
in selting np. maintainingaud/or transferming visual images
(Baddeley, ¡986; Logie, 1991, 1995). Ex[rapoiaíing tbis

argunient te [he audiíory deniain, Baddeley andLogie (1992)
suggcsted íhat [he phonological loop (Le.. [be audi[ery
compenent of dic model) mighl represent [he seat of auditory
imagery. The loop comprises Wc cempenents, namely a
temporary pbenological swre linked with an articulatory
rehearsal precess.In a medilied WM model, Logie (1995)
defined Ihese components as “Phonological Cache’ aud
“Phono]egical Rebearsal.”

Hewever, tbis interesting suggestion raises several
questions. First, [he auditory capacily [o recollect musical
and noise materjais (including spectral timbres tbat cannot
be overtly reproduced)implies [bat tbe phonological cache
should be open to sounds other than Ihose associated with
speecb. For tbis reason, olber authors (Mackay, 1992; Smith,
Wilson, & Reisberg, 1995> link the articulatory leop lo [he
lima voice phcnomenon, whereas[he tonal síerageof íhe
phonological cacheis whaí perimís [he auditory experience
within [he inuer car.

Secondly, [hereis sorne experimental evideuce iudicatiug
that subvocal rebearsal also seems te participare in tasks
involving non-verba! tonal processing. Logie and Edwor[hy
(1986) found [bat b!ecking sobvocalization by means of
concurren[ articula[ory suppression (‘iah-tah-[ah” repeated
aleud hy [he subject) hindered recognition of a previously
heard raudom tone sequence. In addidon, Smith et al. ([995)
reported [bat articulatory suppression inipaired subjects’
judgements of pitch when they were asked tu decide wbether
a familiar melody rose or feil from [he secondlo (he third
note or vice versa. This fits with Baddeley and Logie’s
(1992) view of [he ar[iculatory Ioop as an auditory-
ar[iculatory in[erface.” l-lowever, [he concurrence of
subvocaliza[ion in spectral capabili[ies, such a.s memory for
(he timbre of musical instrumenís (Crowder, 1989) ev pitch
discrimination (Logie & Edworthy, ¡986) is nol evidení.

¡u [he present study, ¡ explered another possible ro!e of
subvoca!izalion in [he auditory memory. Specifically, 1
wished [o examine wheíher subvoca!ization is involved in
the rerention of rhythmical aodiíory pa[tcrns. Shor[-term
memory for percussion sequences under various types of
iníerference during [he reenhion period (filled with

unaltendedmusie, tapping, a spatial íask. or arlicu]atory
suppression) was investigated.

In a previcus sludy, Smith, Reisberg & Wilson (1992)
sliowed signilicaní disruplion in Úie capacity lo form auditory
streamsmenta]ly (such as,Anvcnwfor tennis? Iooking al
letter/nombcr srrings: NE?14 lOs?) under articulatory
suppression hin not under unaitended musie. 1-lere, 1 considered
[bat, it subvocal activity is involved iii rbythmícal retention,
(ben (bis retention shouid be more disrupted hy iníerferences
affecti ng Ihe inncr volee by arlicuiatoiy suppression [han hy
Ihose tha[ bleck Wc inner ear wilh musical sounds. It se, [his
woiild prove thai suhvocal rchea¡-sal participares actively iii

maintainíng Wc ¡hyWmical síruclure of [he pa[tern.
This musical capacily was ex[ensi vely síndied by (he

niusie Icacher Thackray (¡969). who named Ihe capacily w
reproduce temporal and intensive pa[terns of sounds aud shor[
melodies. while conserving a lempo, rhvthnxwperfonnance.
Fraisse (1982) also defined rhvíh,nic an/h.iparíon, wbicb
implies memorizing a paí[ern u order [e compare it wiíb a
st’bsequent ene.In my bypotbesis, 1 assurned[batbotb linked
activities probably dcpend en subvocalizatien.

N4e[hod

J-’articipants

Nine(y membersof a university community, aged19 te
25 years, were asked te participare iii Ibe experiment. They
received a íickct for a soft drink al Ihe bar for Ibeir
participation. Fifleen individuals were randomly assigned te
eacb of [he six experimental conditions: silence, unaitended
musie (Gregorian chñns or rock-and-íoIl drum solo), spatial
activity (tracing cireles>, motor activity (regular tapping),
and ardcula[ory suppressiou (repea[ing “tah-uíh-tah” aleud).
A between-subjeeís design wasernployed te avoid [he trausfer
of a particular coding stra[egy amongconditions.

SIimuli

Silmuil were 16 unfarniliar percussien sequerices
recorded digitally wi[h EWI software by a 32W Sound
Blaster. Each sequence lasted 4 s aud included a rhvthrnic
successíon of bea[s (ranging from ¡0 te ¡2 elements) [bat
was repeated íwice w facilitate retention. Beals consisted
of a drum soundgenerated by the program.

Proceden’

The experiníent was conducted o a wel¡-isolated room,
with [he walis aud ceiling lined with U-shaped fiber pieces
lcr aceuslie absorption. An cxperimenler asked [he subjecs
(o retain [he sequence, perlormed al 75 dB(A) at subjec(s’
car-level. They were requested uní te move during [he (rial.
Each sequence was followed hy a l0~s retenúon interval, Ihe
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usual period in ñe memory interference experimental
paradigm.They ihen had w reproduce [hesequence both
veca¡ly aud by tappiug, in whichever order [bey preferred.
Te beceme familiar with (he task, [herewas a pre-tesí training
[rial which included threeeasiersequences.Afterwards,each

subject was exposed [o [he 16 experimental sequences of
increasingdifficul[y. Eacb subject’s performance in [bis
memory [ask([he number of Ihese sequences-from O te 16-
correctly reproduced-vocally and by tapping) was regisfrred
and [bis was [hedependení variable of [heexperimen[.

Interference~na;¡ipulation. Musical interferenceduring
We 10-s retentien interval censisted of cheral music
(Gregerianchant) or a percussion rock-and-rolI drum solo,
both played a( 75 dB(A) al ear-level. Participants were
instructed (e LeaL [hemas disturbances, and te try no( lo
at[end te them. Nonmusical interference was previded by
regular tapping and by articulatory suppression, requesting
participanis (o perferm beats (tap ev say ‘tah”) at [hetempo
they preferred,provided it was kep consíaní. Iii order [o
controlChe higherattentionakresource demand iii [bese¡aLtec
two condi(iens,which requiredparticipaníslo produce Ihe
taps sequentially,another group performed a spatial task
censistingof tracing a series of circies en [hetable with their
index finger, al a constaní speed, during Ihe retention interval.

Results

Afler [he retention period, overalí resulís from (he
participants in [hesilent condition showed lha[ they could
correc(ly retain 69.6 % of [he 16 experimental rhythm
sequencesthat each of [hemhad te memorize and reproduce
(M = 11.13,SO = 2.69). Similar perceníages were obtained
by participanís lii [beunaltended Gregorian chaní condilion
(65.8% corred reproducíions:M = 10.53. SO = 2.67) and in
Ihe spatial task (65% correc( reproductions: M = 10.4, SO =

2.64). The percentages of correct responses fer participanís
in [he unatíended percussion musid condition decreased [o
55.4% (M = 8.86, SO= 4.38). Poererperformanceswere
achievedunder [appingand articulatory suppression conditions,
in which participanis’corred pattemreten[ion only ameunted
te 49.1% and 35.8%, respecíively (M = 7.86 and 5.73, SO =

4.13 and 3.47, respec[ively). The mean percent correc[
responsesin each condition is showu in Figure 1.

One-way ANOVA showed íbat [he experimental
condition was highly significant, F(5,84) = 5.359,p < .0001.

A t-tes[ was performed [o compare [hemeans of ah [he
experimental condi[ions. The corred response mean of Ihe
silence condition was fol s[a[istícally differení from Ibe
means of (he [we musical conditions, ev from ihe spaúal
task mean. Qn [heconírary, [hesilence condition mean was
staíisdcallydifferen[, and higher, [han[hetapping condition,
M = 11.13 aud 7.87, respecíively,t(28) = 2.562, p < .05,
and [han ar[icu¡a[ory suppression, M = 11.13 and 5.73,
respectively, «28) = 4.756, p < .0001.
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Figure 1. Percentageof corred responsesin [heretenlion of
percussionsequencesunder(he six experimental conditions: silence,
unatíendedmusid (Gregerianchoral chaníand rock-and-rolldrum
solo), spal¡al lask, lapping, andarticulatory suppress¡on.

The correct response mean of Ihe Gregorianchaul
condition wasalso significantly differen[, andhigher, [han
[he tapping condition, M = 10.53 and 7.87, respectively,
«28) = 2.097, ,n < .05, and [han [hear[iculatery suppressoon
condi[ion, M = 10.53 and5.73, «28) = 4.244,p < .0001.

The corred responsemeanof [he othermusical condition

(rock-and-rolIdrum solo) was signif¡candyhigher[han [ha[
of articulatory suppression,M = 8.87and5.73, respectively.
«28) = 2.168, p < .05, but nol higher [han the tapping
conditien.

Qn the olberhand, [hecorrectresponsemeanof the spatial

[ask was sligb[Iy, buí not sigriifican[ly, higher[han [ha[of [he
rock-and-rollcondition. 1-iowever, [hespatial taskpar[icipants
performed significantly betíer than those in [he tapping
condi[ion, M = 10.4and7.87, respecíively,t(28) = 1.99, p <

.05, and [han[hear[iculatory suppressionparticipants,M =

10.4and 5.73, respec[ively, «28) = 4.142, p < .0001.
The differencesin corred[ responsesbetweenthe tapping

cendition and articula[ory suppressioncondition did not
reach s[atistical signif¡cauce,M = 7.87 and5.73, respectively,
«28) = 1,529,p = .137.

Discussion

Reten[ion in [hecontrol condi[ion (silence) was geod, and
subjec[s only failed te reproduce the most diffocult pattems.
Theoretically,to achieve [bisretention. [heyconíd have kept
[herhythm sequence in [heaudi(ory memory in analogical
form, excluding [heparticipation of any olber type of mental
ac[ivity during [heretention interval. Buí, clearly, thai did noÉ
seem [o be [he case. In a post-experimental ques(ioning
session,mos[ of the participanís explained that they had oled
te repeat [herhylhmical pattems spontaneously in [heirminds
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by means of subvocal rehearsal. Thus, (he temporal siructure
could be rehearsed and maintained in heir shovt-term memory
via subvocal hea[s. Moreover, an auditory analogue would
probably have been disrupred by musical interference.
Participanís whose inner ear was blocked by rnusic during
Ihe retention peried reproduced (he paltems as well as lhosc
in [he silent condition, even when submitted (o a vigorous
rock-and-rell percussion solo. However, as can be seen in
Figure 1, although Ihe difference hetween the reck-and-roll
aud Ihe silence groups did nol reach sta(istical signit5cance,
the wo groups showed a tendency te he different.

It is welI established that subvocalization plays a crucial
role in designing motor plans for producing and contrelling
speech. These “Uming-niotor” mechanisrns could also be
useful in [he mental retention of [he temporal s[ructure of
a sound. In fact, the strongest disruption was caused hy
retention under articulatory suppression, providing support
te this temporal funcúon of subvocalizaúon. Similarly, [be
retentien impairmen[ caused by tapping at a regular medium
tempo shows [ha[ production of subvocal beats and taps
probably shares a rhythm module or reseurce [hat is
necessary for mental control of rhythm struc[ures.

AI[hough difticult te define because of [he plurality of
rhythmic componeuts aud even of the relaled musical artis[ic
performances, Fraisse (1982) defended Ihe existence of a
module of [bis sor[, poslulating a general saura of rhvthm.
According [o [his author, it coníd he characterized by (hree
main facters: percepwal structuring (discrimination of
temporal structures), rhythmic anticipation (memorization of
a pattern), and practical-rhythmic. This last implies [he
coerdinatien of altemate movements of hand and foot and
the abili(y te adapt te changes in rhythm, both of which
require vo]untary control el rhythmic movement. QL¡r results
sugges[ that subvocalization cou]d Linderlie and connect these
rhythmical capacities. Moreover, from a neurophysiological
point of view, there are probably strong cennections between
subvecalization, speech, and meter planning underlying (he
l3roca area, which is often juvolved in language output and
in [he pre-motor organization of articulatien.

However, Ihe goed performance of the participants in
the spa[ial task condi[ion, which required them te trace
circíes continueusly, allows us, within reason, te reject (he
hypothesis thai posited that peor reten(ien of rbythmic
patterns during the repetition of Ihe vocal “[abs” or the
manual tapping was exclusively due lo the higher at(entional
demands required by Ihese distracting [asks. Nor can 1
excínde [he possible influence of participants musical
preferences or their general attitude towards music. 1 simply
did not include participants wi[h specific musical training.
1 also failed te control possihle influences due te participants’
sex. Despite these research Iimitations. overalí restilts are
in line witb prcvieus rescarch showing that subvocal speech
plays an important role in the produclion of aLdiory images.

Smith e[ al. (1992, p. 111) speculated tha subvocalization
might provide a “tonal frame” for (he auditory image, which

is later colored te particular timbre specifications by [he
inner ear. In [heir words,

It might be impossible tu hang imagined spectral
characteristicsente(hin air, but easily possible te assemble
them ente an existing, subvocalized pitch. In that event,
subvecalizalion would merely be the carrier wavc of (he
audi(ory image, and the function of (he inner ear would be
te modulare (bat calTier in trumpct-like or Ñute-like ways.

Perhaps “subvocal singing” (Baddeley & Logie, 1992).
“motoric control” (Crowder & Pit[, 1992), or “tonal frame”
(Smith et al., 1992) are different ways of referring te the
same ceuscicus experience of this temporal dimensiou of
auditory images, wbich is neither st~c(ly “phonological,”
“motoi;” nor “tonal.’ The role of subvocal activity would
be te provide ihe baseline fer any specific spectro-temporal
¡mage, a sort of spectro-tcmporal skele[on that, in (he domain
of auditery imagery, would represent the saíne thing [bat
[he visuo-spatial ske(chpad represenís in (he domain of
spatial imagery. Moreover, research en rhythmic perception
has offered evidence of Ihe psycbelogical reality of multi-
layered rbythmic sructures in which complex rhythmic
pa(terns are overlaid en an underlying beal sequence
(Dowling & Harwood, 1982). According [o Ihese au[hors
(1982, p. 201),

The same (ype of menral representation has been
pestulatedlev tonal organization, namely, a selid framework
(beat or tonal scale) en which more elaborate pat[erns
(rhythm or melody) are laid. The development of [bese
mental represen[ations appears te follow a closely parallel
ceursefor bo[h pitch material and rhythm.

Independently of the nature and relationships between
bo[h [be ahove-mentioned mental representa(ions, it is clear
thaI humans are capable of spectral íransformations (i.e.,
transposingan entire musical picce in a different key) and
of temporal enes. Humaus can retain not only a particular
rhythm, but can also increase ev decrease tbe tempo of music,
speech, or regular noises, or susrain a tone indefinifrly, or
repeat a sequence, etc. Mere research en this tepic wiIl
probably reveal Ihe impertance of subvocalization in alí [hese
mental ransfermations ef auditery images.
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