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Perceptualsestural Mismapping in Serial Sharerm Memory:

The Impact of Talker Variability

The disruptive impact of talkerariable (e.g., alternating femaeale) lists on serial recall
was examinedWe tested the novel hypothesis thad talker variability effectarises from
the tendency for perceptual streamibyg yoice) to partition the list into two stdequences
such that the perception ofder is in conflict with théormation of asequenceutputplan
that remains faithful to theanonicalorder of the items. The hypothesis was supported by
three convergent lines of evidence: Factors known to propastigioning ofitems by voice
accentuate the effect (Experiments 1 and 2); talker variabditybines noradditively with
phonological snilarity, consistent with the view that both variables dissgriuenceutput-
planning (Experiment 3); andlhereadasksthat require orded recall—and hence the
assembly of aequenceutput plan—show #h effect tasksrequiring only item memory do
not (Experiments 4 and.5The results areonsistentvith the view that serial shetérm
memory reflects the parasitic usesaefquencing processes embodied witieneralpurpose
perceptualnput-processing and gestural output-planning systems and arerpaila foran

item-decay basedpproach or an iterdistinctiveness/attentionagsource account.

KEYWORDS: ShodTerm Memory; Talker Variability; Serial Recall; PerceptGestural

Account; Embodied Cognition.
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The capacity to retain and reproduce a sequence of events over tHeishdras
long commanded a great deal of interest on the grounds that coherent sequential behaviour
is involved in most, if not all, goal-driven activities (e.g., Lashley, 1951). cc&bs
accountof serial shodterm memory phenomerntsave beemrentred at the item levahd
assumehat an understanding of serial behavior will flow from knowledge of itral
properties such as the rate of item decay or/and the structural (e.g., phonpkigidatity
of one item to another (e.g., Baddeley, 1986, 26@rell & Lewandowsky, 2002\airne,
1990; Neath, 2000A more recentlyemergingview—the perceptuagjestural view—
focuses on factorthatoperate at a level superordinate to the item, at the level of sequence
formation, both at input (particularly in the auditory modality, in the formation of streams),
and at motor output planning in the formation of a sequence vbsabgesturegHughes
& Jones, 2005; Jones, Macken, & Nicholls, 2004; Jones, Hughes, & Macken, 2006, 2007;
Woodward, Macken, & Jones, 2008; see also Buchsbaum & D’Esposito, 2008; Wilson &
Fox, 2007). The overarching goal of the present research was to further exaenine
perceptualgestural view using the itetvased approaches as theoretical counterpoints.

In the present study, interest centres upon a setting which, we hypothesize, may
be characterized as one in which therepear mappindgetween auditory perceptual
organization and theequentiamotor plan (and its eventual output), namely, the talker
variability effect in serial recall. This effect refers to the impairment predun auditory
serial recall when successivelieremembered items are presented in different voices
(Greene, 1991)We test the hypothesis that the effect is the resuheofdrmation of
voice-based subtreamsduditory streamingcf. Bregman, 1990) such thaetperceived
orderof the items (within theu-stream$is incompatible with theequirement to

reproduce the list in serial-temporal order.
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Theoretcal Approaches to Serial Shorefimn Memory

Current understanding of serial shtetm memory is basgaredominantly on the
serial recall paradigm in which, typically, a familiar set of verbal items, (#g digitsl-8)
is presented in an unfamiliar sequence and @pents are asked to reproduce the list in
strict serial order (Conrad, 1964, Baddeley, 1966). Classically, explanationsabfesesl
performance have tended to focus on the properties of the individual items compesing t
list. For instance, according to what Nairne (2002) termed the standard (dbeaysal)
model of verbal shorterm memory—best exemplified perhaps by the phonological loop
model (Baddeley, 1986, 2007; Baddeley & Hitch, 1974; but see also Atkinson & Shiffrin,
1968; Cowan, 1999)—vbal items are assumed to enter a passive, bespoke, store dedicated
to the temporary retention of phonologicatigeed traces of each item (cf. the
phonological storge Baddeley, 1986, 2007Itemsin the store decay within about 2 s
unless refreshed by covert verbal rehearsal (Bgppvs & Baddeley, 2006; Schweickert &
Boruff, 1986)but are ale susceptible to mutual interference by virtue of their structural
(e.g., phonological) similarity to other items (e.g., Baddeley, 1986).

Interferenceby-item-similarity also serves as the core explanatory construct in
another broad class of theory, namely, that basetordistinctiveness (e.g., Brown,
Neath, & Chater, 2007; Nairne, 1990; Neath, 20&0rell & Lewandowsky, 2002 For
example according to the feature rdel (Nairne, 1990; Neath, 200®r&l recall
performances assumed to bear a simple positive relationship to the distinctiveness—and
hence immunity from being overwrittenetthe items in a serial recdi$t in terms of both
their modalitydepenent features (e.g., pitch) and their modality-independent features
(those that do not vary with modality of presentation, e.g., phonology, semantics).

We have suggested recently, however, that appealing to mechanisms that impact

upon the assembly and manance of sequences, not each ite@ayprove a more fruitful
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approach to understanding performance in serial short-term memory tasko(eg.et)

al., 2004; Woodward et al., 2008). An important feature of the typical serial recallistudy
that the burden of processing falls upon reproducing the order of the items and not upon
knowing their individual identities (e.g., Baddeley, 1966¥asiliar closed set oftems is
typically used on each trial (e.germutations ol-8) and hence the identity of the
individual items is known before the list is presented; effectively, therdforkey task is

to retain and reproduce tlhmfamiliar orderin which thatfamiliar item-sethasbeen
presented (hereafter we refer to this typical clesetdorocedure gsureserial recall).
Although some serial recall studies employ an open pattwé (see.e.g.,Poirier &
SaintAubin, 1996)where there is also a burden on remembering what items were
presentedgritically, the four historically and theoretically most important serial recall
phenomena are ones that are found in the pure variant of the task (see, e.g., Baddeley,
1990): thephonological similarity effecte.g., Baddeley, 1966), tlagticulatory

suppression effe¢e.g., Murray, 1968), theorddength effec{e.g., Baddeley, Thomson, &
Buchanan, 1975) and tireelevant sound effedColle & Welsh, 1976).

An alternative means by which serial recall performance has begun to beiednstr
therefore, is in terms of the parasitic use of gergugbose perceptual and motor-planning
processes that operate at the level of the sequence, not each item (e.qg., Huytess & J
2005; Jones et al., 2004, 2006, 2007; Woodward et al., 2008; for a similar view based on
neuroscientific evidence, see Bisbaum & D’Esposito, 2008). On tiperceptual-gestural
view, serial recall reflects, in large part, a dynamic, active, process of cogvirt
incoming sequence into gestural form (articulatory in the case of verba).it@encentrast
to the standard model,ithassembly of grbal items into an articulatory foria not in the
service of offsetting the forgetting of individual degargpne items residing passively in a

bespoke store (e.g., Baddeley, 198@ther the process of speecfor more generally,
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motor-) programming iso-opted because its inherent sequentiality—supplementad by
range of paralinguistic speech halsiteh as carticulation, intonation, and prosodyaets
as a surrogatmr thoseaspect®of language such as synfaxkamnar, and semantidbat
usually consain itemorder inanormalsentencéut which have, by design, been stripped
from the serial recall lisMacken & Jones, 20Q3or an early precursor of this ‘parasitic’
view of serial recall performance, see Reisberg et al.,)1984t is, the speeghlanning
machinery is exploitedpportunistically tayraft sequential constraints into an artificially
impoverished verbal sequence. Accordingly, within this framework, explanatiens ar
sought by recourse to sequeneeel factors Performance reflects largely the efficacy with
which a fluentsequencef gestures can be assembled and rehearsed/¢sally) rather
than the integrity of stored item representagion

Whilst the gestural component of the perceptual-gestural view applies eually
visually and auditorily presented lists, the perceptual component applies mainly to the
auditory domain and draws upon Bregman’s (1990) revolutionary ideas regaudiigry
scene analysighe partitioningof the mixture of pressure variations reaching the ears into
discrete mental descriptions (streams) of each independent sound source contabuting
that mixture Bregman, 1990, 1993; see, e.g., Hughes & Jones, 2005; Jones et al., 2004,
Nicholls & Jones, 20020f particular interest in the context of semiatall and especially
in relation to the present researclsegjuential streamingyhereby the perceptual system
must determinevhether omottemporallysuccessiveauditory stimuli are emanating from
the same environmentsburce a taskaccomplishedby exploiting a host ofactors
embodied by Gestalt grouping principles suck@ectralsimilarity and good continuation
(for an overview, see Bregman, 1993; see also Warren).108@ key consequence of this
processs that the perception of order has been fourtokteelatively good for auscession

of acousticallychanging stimuli thashare somenore fundamental commaground (or
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carrief) and hencarestill assigned to the same stregng., different words spoken in the
same voice)Conversely, order perceptiampoor for successive items tHatk a common
ground andvhich will tend not, therefore, to be assigned to the same stream (e.g., different
words spoken in different voices; e.g., Bregman & Campbell, 1971; Warren, Obusek,
Farmer, & Warren, 1969).

The perceptuagiestural view has already accrued s@ugport in the context of a
number of serial recall phenomena classically attributed tolggsi constructs, including
theirrelevant sound effeqHughes & Jones, 2005; Jones et al., 2004 ptio@ologcal
similarity effect(Jones et al., 2004, 2006), th&fix effec{Nicholls & Jones, 2002), and
linguistic familiarity effects (Woodward et al., 2008). Of interest in the present article is the
talker variability effecin serial recall: the impairment auditory serial recall when
successive items are presented in different voices (Greene, 1991; see disgegol
Pisoni, & Logan, 1991; Martin, Mullennix, Pisoni, & Summers, 1989; Nygaard, Sommers,
& Pisoni, 1995.! For exampleGreene (1991) found thete serial recall of permutations
of the digitsl-8 was depressed when the items were presented in alternating-fealale
voices compared to the conventional, single-voice, mode of presentation. It is worth noting
thatGreeng1991)employedtalker varidility as atool for studyingthe suffix effect (e.qg.,
Crowder & Morton, 1969) anthe talker variability effecitself was asubsidiary concern.

The current study is the first, therefore, to utilize the talker variabiligcefh its own right

as adevicewith which to examine competing approaches to serial $aort-memory. In
particular, we seek to show how the phenomenon serves to reveal the roles of both auditory
perceptual organization and gestusatjuencing processes in serial recale Nypotheize

that the phenomenon is best understood in terms of a disharmony between obligatory-

perceptual and deliberagestural sequential organization processes.
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Competing Accounts of tAalker Variability Effect
PerceptualGestural Mismapping Account
Fromthe standpoint of our perceptual-gestural framework, we suggest that the
talker variability effect reflects a mismapping between two incompatibleeséigl
organizations, one arising from an obligatory auditory perceptual organization prodess a
the otler from a deliberate gestural sequencgput planning strategy. As noted, a single-
voice list conveying a succession of different items is an excellent exampleeséob
changeon-a-common-ground and thus the products of order perception are isomorphic
with the items’objective temporal order. In a talker-variable list, however, we suppose that
the list’s perceptual coherence is greatly diminished, resulting incagteaigestural
mismapping. Indeed, when the same two voices (e.g., male and fenaal®gtalin a list
(Greene, 1991), it is likely that the items spoken by each voice (i.eqdjacent items)
will perceptually cohere more readily than temporally successive item® duauping by
similarity of frequency and timbre (dBregman & Campbgl1971;Carlyon, Cusack,
Foxton, & Robertson, 2001).c80rding to the perceptugkstural view, therefore, the
talker variability effect reflects a difficulty in the process of asdemghnto an articulatory
sequence output-plan incoming items whose order—based on the products of obligatory
perceptual sequencing processesaps relatively poorly onto the requirement to assemble
the items in their true temporal order.
Itemdecay (Standardodel) Accounts
From the perspective of the standard model, tatkgability effects in serial recall
have been explained in essentially the same manner as thdewgtid effect (e.g., Baddeley
et al., 1975): The increased time taken to encode or/and rehearsevgailéible items—just
as with long compared to short wordswpairs recall by delaying the opportunity to refresh

decayprone items residing in a bespoke verbal (i.e., phonological) store. For example,
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Martin et al. (1989) suggest that talker variability may impose a delay iniaegdtems into

a dedicated verbal shetérm store due to a speech normalization process: Fatkeble

lists impose a greater burden on the process of discarding indexical informaticesshe

pitch and timbre of the particular speaker’s voice in order to yield absteattncal,

linguistic (i.e., phonological) item representations (see, e.g., Joos,Nlag8usson &

Nusbaum, 2007 These “increased capacity demands needed for encoding reduce the
available resources needed for subsequent rehearsal of the (kansh et al., 1989, p.

677).A second iterrdecay account supposes that the encoding delay is due to an obligatory
process of incorporating the indexical voice information rather than discatdangrocess

which would again be under greater duress the greater the number of voices in a lis
(Goldinger et al., 1991; Nygaard et al., 1995). Moreover, in this latter account, the additional
information about voice incorporated into each representation would increase “the tota
amount of information to rehearse per unit time” (Goldinger et al., 1991, p. 159) thereby
further exacerbating item decay.

It should be noted that the studies of Goldinger et al. (1991), Martin et al. (1989),
and Nygaard et al. (1995) involved a relatively long list-length (10 items), an open pool of
words, and a free-output procedure (whgrthe outputtedtemsmust ultimately
correspond to thewriginal serial positions but may lo@tputin any order; see,@., Tan &
Ward, 2007). In this setting, the effect is only found for early list iteimsreas it is
apparent throughout most of the serial position curve in pure serial recall €G1691).

Thus, whilst we do not assume that these authors (e.g., Matrtin et al., 1989hanild
necessarily appliedhér item-decay accounts to the effect lateumd in pure serial recall
(Greene, 1991), for current purposes the important point is that, logically, gengréiie
accounts to the pure serial recall setting is entirely consistent with the stamoidel. This

follows because the woréngth effeci(e.g., Baddeley et al., 1975)—the key phenomenon
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motivating the concept of itemkecay within the standard model, and, in particular, the
item-decay accounts of the talker variability effegs an effect found in pure serial recall
(e.g., with closed sets of digits; Ellis & Hennelley, 1980; Murray & Jones, 2002; or a
closed set of familiar words; Baddeley et al., 1975).
ItemDistinctiveness/Attentiondesource Acount

The basic talker variability effect seem®blematicfor item-distinctiveness
accountof short-term memory (e.g., Brown, Neath, & Chater, 2@@frell &
Lewandowsky, 2002; Nairne, 1990; Neath, 2000). Such models predict straightforwardly
that the greater intatem distinctiveness provided by a talkeariable list at the level of
modality-dependent features (pitch, timbre) should lead to bettat,leasnot poorer,
performance: Each itein a talkervariable list should be less proneitterference from
(e.g., through overwriting by)s successdnecause there lsessstructuralovedap (or
greater noveltyFarell & Lewandowsky 2002 than is he case in a singhoice list.
However, a possibility open to some variants of the item-distinctiveness approhassuc
the feature model (e.g., Neath, 2000) is to appeal to the same device by which that model
explainsthe changinegstate irrelevant sound effect in serial recall (Jones, Madden, & Miles,
1992). That to-be-ignored irrelevant changsigte irrelevant soundK R X...”) is
markedly more disruptive of serial recall than steatitesound (F F F...” ) is simulated
in the feature model by decreasing the valuendadtgention parameter (‘a’) that acts to
depress the model’'s overall performance (Neath, 2000). Thus, it might be supposed that
talker variability—like changingstate irrelevansound—draws upon some general
attentional resource (cf. Kahneman, 1973) thereby impairing performaaog attention-
demanding task such as serial recall (hereafter the ‘attenties@lrce account’). The

present series of experiments sought to examine the percgpsialal based account of
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the talker variability effect, contrasting its predictions with the itnay accounts and an
attentionalresource account.
Experiment 1

Experiments 13 follow Greene’s (1991) methodology and examine the talker
variability effect in pure serial recall using a closed set of either digxsefiinents 1 and
2) or letters (Experiment 3) which were to be recalled in strict serial drdExperiment
1, we test a prediction that is unique to the percegestural nsmapping account by
capitalizing on a particular charadistic of auditory sequential stream segregatiamely,
“auditory stream biasing”: If a sequence of alternating high (H) and lowo(igs
(HLHLHL) is preceded by a succession of either H or le®(e.g., LLLLLHLHLHL), the
partitioning d the alternating sequence into two separatetmve and hightene streams
occurs more readilyAnstis and Saida, 1985; Beauvois & Meddis, 1997). This is because
the leadin L tones serve to establish a stableastn into which the L tones in the following
alternating sequence can be incorporated whilst the other, H, tones are “thrbwen out
form a distinct stream. Thus, a lesdfacilitates (or “biases”) the partitionirgf the
alternating stimuli by “perceptuglcapturing” only the same-frequency tones present in
the ensuing alternating sequence. We have demonstrated elsewhere that thensates pri
hold also for speech stimuli (Nicholls & Jones, 2002). In the present experiment, #nerefor
we sought to pronte the perceptugdartitioningof an alternatingyoice list in a serial
recall task by presenting a leadwhich took the form of a countdown (“8, 7, 6...1")
spoken in the same rhythm as the ensuingettemembered items and spoken in just one
of the two voices making up the ensualtgrnating voice list. Our rationale was that if one
critical aspect of the talker variability effect is the perceptual incoherence pbtalty

successive items in an alternatwgjce list, any factor that promotes that ihecence
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should cause a further impairment of serial recall (i.e., over and above that found with
alternating voices without a lean).

Another condition involved preceding an alternatuagee list with an alternating
voice leadin. Again, this type ofdadin shouldbias thepartitioningof alternatingvoice
items in a tebe-remembered list on the grounds thatitioningtakes time to “build up”
(e.g., Bregman, 1978; Carlyon et al., 2001). Thus, withegpmsure to the alternating
pattern of voices, qutitioning by voice will have begun to be established before theeto-
remembered list begins. Again, therefore, an alternating lead-in should ate¢héua
disruptive impact of an alternating-voice list. Table 1 provides afliali six conditions
cortrasted in Experiment 1. Conditions 1 angk@resent those requiréa show the
standard talker variability effect (i.e., those without a{egdThe remaining four
conditions represent a factorial combination of leatse (single or alternating vag and
list-type (again, single or alternating voice). To summarize, in relation to comslit-6
shown in Table 1, the pattern of performance (going from best to worst) predicted by the
perceptualgestural mismapping account is as follows: 1=3=5>2>4=6.

In contrast to the prediction of the perceptual-gestural mismapping account, on the
item-decay accounts there is no reason to expect andadaccentuate the talker
variability effect. Indeed, logically, these accounts would predict, iframyt a faciitative
effect of a leadn: Preexposure to (and hence pre-knowledge of) one of the voices (single-
voice leadin) and particularly to both voices (alternating leafimight be expected to ease
the burden on the process of voice normalization (Martin et al., 1989) or voice
incorporation (Goldinger et al., 1991) when the time comes to encode the identity of the to-
beremembered items thereby resulting in a reduction of the talker variabikigt elffi this

case, iterrdecay accounts predict the pattern: 3286>0r=4>2. A more conservative
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prediction that seems open to dee@@gounts is that leads will simply have no impact on
performance.

Given that the psychological mechanism by which the attentional resource
represented by parameter ‘a’ in the featusaet (Neath, 2000) is depleted has yet to
specified in detall (see, e.g., Jones & Tremblay, 200®)nidt always obvious what
predictions might be derived from the attentional-resource account (altseagh
Experiments 21). However, one reasonable egfaion in relation to Experiment 1 might
be that performance should simply be a negative function of the degree of talkieititsaria
contained within the lead-in or/and the tofleeembered list (with the possible additional
assumption that talker variability within the list itself would be particularly damagihg
so, the pattern of performance predicted by the attentional-resource account is:
1=0r>3>5>2>6>4.

Method
Participants

Twenty-two undergraduates from Cardiff University took part in returrctorse
credits. Each participant reported normal hearing and normal or corteetedmal vision.
Apparatus and Materials

The tobe-remembered lists comprisedd&mns taken without replacement from
the digitset 18. Each itemwas recordedligitally twice, once in a female voice and once
in a male voice (the items within each voice were spoken at an approximately evgn pitch
and sampled with a 16-bit resolution at a sampling rate of 44.1KHz 8eingd Forge 5
software (Sonic Inc., Madison, WI; 2000°he male and female voices clearly differed
from one another on account of their distinct fundamental frequency and tialote.
item’s duration was edited to 250ms. For each tadmeembered list, the digits were

presented in a pseudo-random order wdle taken to ensure that there were no more than
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two occasions across a given tofeeembered list on which there was anending or
descending run of two or more digits (e.g., 2-3 or 7-6) and that there were no runs of 3 or
more digits. This was aldbe case for neadjacent items (e.g., those in positions 1 and 3)
so that in alternatingoice lists there were no more than two 2-digit runs within a given
voice in a given listTheto-betemembered list (and lead when present) was presented
at appraimately 6570 dB(A) over steredheadphones with an intstimulus interval (ISI;
offset to onset) of 100ms giving an item presentation rate of 1 item/350ms. Although this i
a faster presentation rate than use@reené (1997 study ( item/s), itwasadopted here
to promote the chances bfinging into reliefthe contribution of perceptual organization
processes to the effedt:is well established that the perceptual incoherermad-hence
partitioning—of temporallysuccessive sounds alternatingneguency (such as the male
and femalespoken items used here) is a positive function of the rate at which they are
presented (e.g., Bregman, 1990; van Noorden, 1975; Warren, Obusek, Farmer, & Warren,
1969).Note however that the rate we adopted is stitifar removed from the 1
item/500ms rate often used in serial recall studies (e.g., Baddeley eBdl.Fagell &
Lewandowsky, 2003; Lewandowsky & Farrell, 2008; see 8lgaplementary Experiment
in Resultssection of Experiment 1T.he stimuli were psented using theuperLab
software (Cedrus Corporation).

Materials for 6conditions wer@assembledsee Table 1): In all conditions in which
the tebe-remembered list was presented in a single voice (i.e., Single, Single-Sird
Alt-Single conditions)half the lists were spoken entirely in the male voice and half were
spoken entirely in the female voice. In the other three conditidis-Alt -Alt, and Single-
Alt—the list was presented in an alternating fermasde fashion with half the lists starting
with a femalespoken item and half starting with a madgken item. In conditions

involving a singlevoice leadin, a countdown was presented either in the same voice as the
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ensuing singleroice list (SingleSingle) or, for the SinglAlt condition, in the same voice
as that conveying the second, fourth, sixth, and eighth items of the ensuing alternating-
voice list. In the AKSingle condition, the countdown was presented in alternating female-
male voices starting with the female voice if thdoearemembeed list was femalspoken
and with the male voice if the-twetemembered list was magpoken. In the AlAlt
condition, the pattern of alternation always continued unbroken into the ensuing to-be-
remembered list.
Design

The experiment had a repeate@asures design with three factors: Leadwith
three levels: no leanh, singlevoice leadin, and alternatingroice leadin), List-type (with
two levels: singlevoice and alternating-voice), and Serial position (eight levels). Each
participant undertook 84 experimental trials divided into two blocks. One bltek-with
leadins block'—comprised 56 experimental trials made up of: 14Atrials (7 in which
the teberemembered list started with a female item and 7 in which it started with a male
item); 14 Alt-Single trials (7 in which the tbetemembered list was femaspoken and 7
in which it was malespoken); 14 Singl&ingle trials (7 in which the tbetemembered list
was femalespoken and 7 in which it was male-spoken); and 14 Sialgletals (7 in
which the to-baemembered list started with a female item and 7 in which it started with a
male item).The fourtrial-types were presented pseudmdomly across the 56 trial-block
with the constrainthat no condition was presentetbre than twice irsuccessiorlhe
block was preceded by 4 practice trials, one from each of the four conditions. Tihe othe
block—the ‘without leadins block'—comprised 28 experimental trials made up of 14
singlevoice to-beremembered lists (7 female, 7 male), and 14 alternatince tebe-
remembered lists (7 femafiest, 7 malefirst) preceded by 2 practice trials, one from each

condition. The two triatypes wergresented pseudo-randomly across th&ia& with the
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constraint that no condition was presentaate tha twice in successiol he order in
which the two blocks were undertaken was counterbalanced across participants.
Procedure
Participants were tested in groupsupfto four in a sound-attenuated rowith
each participant placed aseparate cubicleith its own PC and headphoriarticipants
were irstructed to attempt to recall thelte-remembered digits in their correct order and to
ignore the particular voice(s) conveying the digits. Participants isvda@d that for one
block of trials the spoken list would be preceded by a spoken countdown. They were
informed that 100ms following the offset of the last toreembered item of each list, the
cue ‘RECALL’ would appear on the screen and that at this point they should try to write
down the items in the correct order on response sheets marked with 8 blank spaads for e
trial. Participants were told that they had 15 s to write down the list and that thegt dboul
S0 in a strict left to right fashion such that they should start by writing thetlieyn
recalled as having occurred first in position 1, then go on to position 2, and so on. They
were instructed to guess if theyere uncertain of any of the digits’ positions. A 500ms tone
was presented over theadphones 13 s into the 15 s repaltiad tosignal to the
participant that the presentation of the first item of the next trial was imminent (in trials
with a leadin, the first item would of course be the first item of the countdown). Including
an optional 5 min break between the two blocks,dxperiment lasted approximatdly
min.
Results

For Experiments B, the raw serial recall data were scored according to the strict
serial recall criterion: To be recorded as correct an item had to be recalledrigiitalo
presentation position. Fige 1 shows the percentage of items correctly recalled across the

eight serial positions in the six conditions. The pattern of results isaléand can be
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unpacked initially into two distinct sets of curves: Replicating the basic tedkiabuity
effect, performance in conditions involving an alternatingégemembered list (i.e., Alt,
SingleAlt, and Alt-Alt; represented by the triangle symbols) was uniformly patbign for
conditions involving a single-voice list (i.e., Single, Alt-Single, anth& Single;
represented by the square symbols). More importantlyatker variability effect was
markedly accentuated by the presence of ailea@erformance with alternatingpice lists
was particularly poor when those lists were preceded by @thalternatingor single
voice leadin (SingleAlt and Alt-Alt). The pattern across conditions thus conforms to that
predicted by the perceptugéstural mismapping accountt=3=5>2>4=6—and is at
variance with that predicted by the itetacay(3>5>1>6>0r=4>2pand attentionatesource
accountg1=0r>3>5>2>6>4.

A 2 (List-type) by 3 (Leadn) by 8 (Serial Position) repeatedeasures ANOVA
confirmed that the justescribed pattern evident in Figure 1 was statistically reliable: First,
the replication of the classical serial position curve depicted across altiooadn Figure
1 was reflected in a main effect of serial positidii, 147) = 55.27MSE= .06,p < .001.
Of more interest, there was a main effectist-type,F(1, 21) = 69.83MSE= .07,p <
.00], a main effect of Leath, F(2, 42 =15.87,MSE=.01,p < .001, and, most
importantly, a significankist-type byLeadin interacton, F(2, 42 =12.19,MSE=.02,p <
.001, reflecting the fact that thtalker variability effectvas larger when an afteating list
was preceded by a leda (of either type)Theonly other significant effect was an
interaction between Lidiype and Serial positiof(7, 147) = 18.37MSE=.01,p < .001,
possibly reflecting ceiling effects at primacy and recency setaidpscure differences
according to listype.Follow-up simple effects analyses confirmed that all alternating
voiceto-berememberedist conditions produced poorer performance than any of the

conditions with a singleoiceto-betememberedist (all comparisong < .005). More
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importantly, they also showed that performance was poorer in both the Sihgled Alt-
Alt conditions than in the Alt condition (both< .001)
Supplementary Experiment

Given that the presentation rate used in Experiment Telasvely fast (1
item/350ms), we ran a supplementary experimandt reported in full here for the sake of
space—to check that the same interaction between talker variability andri@adound
also with aslower rate typical of some serial recall expents (1 item/750m<.g., Divin,
Coyle, & James, 2001; Henson, Hartley, Burgess, Hitch, & Flude, 2a@fes, Vachon,
& Jones, 2007). Other than the presentation rate—which we increased to litem/750ms by
changing the intestimulus interval to 500mstheexperiment was essentially identical to
the main Experiment 1 except we only included the Single, Alt, Single-Single, &Adt Al
conditions (given that the main experiment had already demonstrated thairapeade
does not disrupt recall and givdrat there was no difference in the efficacy with which the
two types of leadn accentuated the impairment seen with an alternatngg list). The
same pattern was found: There was a main effect of Serial posi(igri75) = 89.07,
MSE=.02,p < .001,a main effect of Listype,F(1, 25) = 19.90MSE= .03,p< .001, no
main effect of Leadn, F < 1, but again a significant interaction between Lead-in and List-
type,F(1, 25) = 9.15MSE=.02,p < .01, whereby the talker variability effect was larger
with a leadin than without. As well as providing a useful replication of the novel aspect of
the main experimentthe impact of a leath on the talker variability effect—the results of
this supplementary experiment indicate that using a relatively festrgedion rate to
investigate the functional characteristics of the talker variability ei$aenlikely to

compromise the generalizability of the results.
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Discussion

The results of Experiment 1 confirm a prediction that is unique to the perceptual-
gegural mismapping account of the talker variability effect: The-iea@f either type) is
assumed to have promoted the perceptual incoherence of adjabemetoembered
items—and at the same time promote gegceptual coherence of nadjacent items-
thereby accentuating the mismapping betweerotter suggested by streaming and the
action requirements of the serial recall task. Accordingly, the talker vatyadifect was
significantly larger when an alternating voice list was preceded by arleAtithe same
time, the pattern of results is at odds with the predictions derived from the item-decay and
attentionalresource accounts. Itedecay accounts cannot readily explain how the
presence of a leaid could accentuate the talker variability effdadeed, if anything, one
might expect that prexposure to the attributes (e.g., frequency, timbre) of one (Skigle-
condition) or both of the voices (Alt-Alt condition) conveying the ensuing to-be-
remembered list-and particularly being pre-exposed to the temporal pattern of voice-
changes (as would be the case in theAMlttondition)—would facilitate the process of
either normalizing (Martin et al., 1989) or incorporating (Goldinger et al., 1991) those
attributes. Such facilitation should in turn have allowed greater opportunity ¢éshefr
decayprone itemrepresentations via rehearsal and hence reduce the magnitude of the
talker variability effect. The opposite pattern was in fact observed.

In relation to an attentionaésource account (e.g., Nea2900), this account
cannot explain why the impact of an alternatiogmpared to a singieoice list is greater
when preceded by a leadl It cannot appeal to the notion that a leagen sedepleted a
general attentional resource because aileddf ether type) had no effect when preceding
a singlevoice list. It is worth noting that this latter feature of the results also allows us to

reject the potential argument that the impact of a-ieramh the talker variability results
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from the leadn increasing the effective length of thelberemembered list and making
the task more difficult (for a similar argument in relation to the phonological similarity
effect, see, e.g., Baddeley & Larsen, 2007; but see Jones et al., 2007).

In Experiment 2, we turn to test a prediction that derives more directly from both
the itemdecay and attentionaesource accounts by varying the number of different voices
conveying the to-beemembered list, a prediction that again contrasts with that which
flows from the perceptual-gestural mismapping account.

Experiment 2

The itemdecay accounts of the talker variability effect are based on the notion that
the variation in voices in a talker-variable list increases the burden on rg@tind
rehearsing each item which inrtucompromises recall through increased decay. It follows,
therefore, that a strong prediction of these accounts is that the magnitude tiethe ta
variability effect should increase as a function of the number of different voitks to-
berememberedist. It seems plausible to assume that a general attentional resource (Neath,
2000) would also be depleted to a greater extent the greater the variation iracoosss
the list. Thus, this account makes the same prediction in this case as tdedctsgm
accounts.

In Experiment 2, therefore, we contrasted conditions in which the to-be-
remembered list could be conveyed in a single voice, in two (alternating) voidéesy or
voices. The four voices compristte female samples usedExperiment 1 (and 2) and
another three ‘voices’ generated by pitch-shifting those female (Flsamiown by 3
semtitones (hereafter:-Ir, up by 3 semi-tones (F+), and up by 6 sémnies (F++). The
singlevoice lists could be conveyed in either one of the four voices whdstltbrnating
voice lists involved an alternation between F and F+ (or F+ and F). fauheoice

condition eacheightitem list was conveyed in the following pattern of voices: F F+ F++
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F+ F F F F+(or its mirror imagefF+ F F F F+ F++ F+ . We purposefully pitch-shifted
the original female voice rather than usthgoriginal sets of male and female voices and
recording another two additional talkers so that the degree of acdiffgrence between
each successive pair afljacenitems across thevo and four-voice conditions was
roughly equal (this was also the reason for choosing the particular patternesthamges
used in the four-voice condition). If we had used recordings from four differentsdtke
used a different pattern) it would be difficult to know whether any difference found
between alternatingoice and four-voice lists was related to the number of different voices
across the list or a difference in the acoustic distinctiveness between Bigcitesss

across the two conditions. For each tigte, given that we have shown that the talker
variability effect is more robust when leats are used, each-tleremembered list was
preceded by a lead (again, a countdown) in which the voice or pattern of voices
conformed to that cliacterizing the ensuing4oe+temembered list. In short, the item
decay and attentional accounts would predict the following pattern of perfornsamgle:-
voice > alternating voices > fowoice.

In terms of the perceptual-gestural mismapping accoustregasonable to expect
performance to be poorer in both the alternating- and four-voice conditions than in the
singlevoice condition given the far greater perceptual incoherence in the two talke
variable conditions. However, in contrast to the i@y and attentional accounts, the
four-voice condition should not produce poorer performance than the alternating-voice
condition. In fact, perceptual grouping by voice—and hence perception-action
mismapping—should be stronger in the alternating-voice condition than in the four-voice
condition. This follows on the grounds that the likelihood of temporallyadjacent items
perceptually “capturing” one another into the same stream would be a function diidioth t

acoustic similarity and the number of tinteese similar items are encountered (see
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Bregman, 1990). Thus, given that in the alternatiaige lists there are six instances in
which nonalternating items are in the same voice whereas there are only two such
instances in the four-voice list, the propensity for adpacent items to perceptually
capture one another to form a coherent stream (and hence the degree of peyeshitsll
mismapping) is greater in the alternatimgmpared to the four-voice list. The pattern of
performance predicted by tiperceptualgestural mismapping account, therefore, is as
follows: singlevoice > fourvoices > alternatingoices.

The present experiment also serves as a test of a further possible interpadtati
the talker variability effect which, at first gland®ars a strong resemblance to the
perceptualgestural mismapping account: Greene (1991) suggested (but did not directly
test) the possibility that when presented with an alternatnge list, participants may
adopt a deliberate, but counterproductstetegy of grouping (or rehearsing) the to-be-
remembered items by voice (cf. Tulving a@dlotla, 1970). Although this deliberate-
grouping account and the perceptual-gestural mismapping account share ansmphasi
the role of sequential organization rath®an itemlevel factors, they are nevertheless
distinct: On the perceptualestural account, grouping by voice is a product of stoategic
(that is, obligatory) primitive auditory perceptual organization procesees, aeliberate,
voluntary, strategyMoreover, on the perceptual-gestural mismapping account, we assume
that this involuntary byoice grouping impairs the attempt to assemble the itetosin
rehearsal cohgrnhot by voice buby-order-ofpresentationin contrast, on the deliberate-
grouping account, the locus of the difficulty is at output: having deliberatelgnat=dthe
items by voice, the participant must somehownganize the items in an attempt to
reproduce the items in their original temporal order.

The contrast between the twand four-voice conditions in Experiment 2 should

allow us toadjudicate between the perceptgaktural mismapping account and the
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deliberategrouping account: Whilst an alternatimgice list would potentiallyeadilylend
itself to a strategy of deliberately assembling the items into twamlme groups, it would
seemless plausible to suppose that participants would adopt a strategy of grouping items
into four groups of two same-voice items. Thus, whereas the percepstalal
mismapping account prextis a marked decrement in the feugice condition (as well as
the alternéing-voice condition), it idess clear how the deliberageouping account could
explain a decrement in the feuoice condition.
Method
Participants
Forty undergraduaté®m Cardiff University took part in return for course

credits. Each participant reported normal hearing and normal or corteetedmal vision.
Apparatus and Materials

The apparatus and materials were identical to those used in Experiment 1 except
thatthree new sets of voice samples were generated byghtfting the original female
spoken items down by 3 semi-tones, up by 3 semi-tones, and up by 6 semi-tones (without
altering each item’s durationsing the ‘pitch-shift’ function in th8oundforge Boftware
Design

The experiment had a repeate@asureslesignwith two factors: Listtype (three
levels: Singlevoice, Alternating-voice, and Four-voicafid Serial position (eight levels)
Each participant undertook one block of 84 experimental trials (with an optional break of
up to 5 min after 42 trials) made up of 28 Single-voice trials (7 in each voice: F, Fad~+, a
F++), 28 Alternatingvoice trials in which the F voice alternated with the F+ voice (14
started with the F voice, 14 with the F+voice) and 28 Four-voice trials (14 forming the
pattern F F+ F++ F+ F-FF F+ and 14 forming the pattefi+ F = F F+ F++ F+ F). Each

given toberemembered list was preceded by a {gathat conformed to the same voice-
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format as that tdoe-remembered list. Trfferent triattypes were presented pseudo
randomly across the block with the constraint that none was presented more tham twice
succession. There were 8 practice trials before thei@dblock (one of each of the variety
of trial-types just listed)The procedure was identical to that of Expent 1
Results

Figure 2 shows serial recall performance across the eight serial pg4sitithe
three listtype conditions. It is evident that performance was markedly impaired in both
talkervariable conditions compared to the single-voice condition. More importantly, in line
with the perceptuagjestural mismapping account, and against the-dteoay and
attentionalresource accounts, performance was slightly but significantly worke in t
alternatingvoice condition than in the four-voice condition. A repeatedasures ANOVA
revealed a main effect of Serial Positiéif7, 273) = 120.72MSE= .03,p < .001, and of
List-type,F(2, 78) = 49.87MSE= .02,p < .001. As in Experiment 1, the Listpe by
Serial Position interaction also reached significaf€®4, 546) = 5.57MSE= .006,p <
.001, again possibly due to differences between conditions being obscured by primacy and
recency effectlannedepeatectontrasts showed that performance in the Four-voice
condition was significantly poorer than in the Single-voice condit¢h, 39) = 63.27,
MSE= .05,p <.001, and, importantly, that performance in the Alternating-voice condition
was significantly poorer than in the Fouice conditionf(1, 39) = 5.9MSE=.02,p=
.02.

Discussion

The results of Experiment 2 converge with those of Experiment 1 in providing
support for the perceptual-gestural mismapping account and are at variance with thos
predicted by the iterdecay and attentionaésource account¥he additional burden on

normalizing (Martin et al., 1989) or incorporating (Goldinger et al., 1991) the indexical
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attributes of four voices compared to two should have delayed further the process of
encoding items into a verbal shoetim store and-in the case of the voieacorporation
accournt—added to the amount of item information to be rehearsed. Hence, the talker
variability effect should have been accentuated by the addition of two further.vaices
fact, although we acknowledge that the difference between thediwe compared to four-
voice condition was numerically small, there was a significant effebeiopposite
direction: fourvoice lists were significantlipetterrecalled than twevoice lists. This result
also goes against an attentieredource account: it is difficult to envisage why
encountering four voices would deplete general attentional resoinradesser degree than
two voices.

The result is consistent, however, with the percepgeatural mismapping account:
Although percepon of true temporal order (i.e., of the immediately adjacent items) would
be impaired by the lack of a coherent common carrier in both talker-variable oosdttie
non-adjacent items in the alternativgice list conditior—due to their greater acoustic
similarity—would be expected to cohere more readily than was the case in the four-voice
condition (see Bregman & Rudnicky, 1975). The results of Experiment 2 also present
difficulties for a deliberate groupinigy-voice explanation of the talker variabjiéffect
(Greene, 1991): Assuming that participants would not readily be able to deipenatup
the items by voice in the four-voice condition, this account seeersctmunter difficulties
explaining the marked decrement in this condition comparduktsinglevoice condition.

It might at least have been expectedthis @count that the simpler tweoice grouping
would have caused lessipairment than a foweice groupingvhen it came to re
organizing the itemsto canonical order at output, an egfaion atodds with the pattern

obtained.
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The results of the series thus far support the contention that one key component of
the talker variability effect is an obligatory auditory perceptual organizatiohe items
that conflicts with the true tempdrarder of the items. The second key aspect of our
account is that the locus of the impairment is, ultimately, the gestgaknce output-
planningprocess: The process of assembling the items into a gestural analogue is fed
incompatible information regding the order of the items by an obligatory auditory
perceptual organization process. At this juncture, therefore, we turn to begimiggiime
gesturalplanning component of our account, once again using the standard model and
item-distinctiveness based approaches as theoretical counterpoints.
Experiment 3

The analytical device of examining whether two or more variables known to
independently affect serial recall combine to produce an additive cadhditive effect has
played an instrumental role the development of theories of shtetm memory (e.g.,
Baddeley et al., 1984; Jones et al., 20@hgmi, Richardson, & Aiello, 1993 For
example the non-additivity of the irrelevant sound effect (e.g., Colle & Welsh, 1976) and
articulatory suppression (e.g., Murray, 1968) is taken by both the percgpsialal view
and the feature model as indicating that they share a functional locus (albfEtentidne
in the two accounts; see Jones et al., 2004; Neath, 2000). By the same token, that the word-
length effect (Baddeley et al., 1975) is additive to the phonological similafieist €€.9.,
Baddeley, 1966; Conrad, 19a4as been taken by proponents of the standard model as
evidence that these two effects have distinct functional loci (Longoni 208B). In
Experiment 3, we examine for the first time the possible interplay between talker
variability and the phonological similarity effect on the grounds that theeperalgestural
view predicts their non-additivity whereas according to the competing ascinayt should

be additive.
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The phonological similarity effect is a benchmark finding in serial recall and
refers to the finding that phonologically similar iterbs g, v...) are more difficult to
serially recall than phonologically dissimilaes ¢, r, g...). Within the phonological loop
model—the most successful instantiation of the standard model (Nairne, 2002gHect
was the main catalyst for the notion of a paspivenological store and has been
considered thereafter as the chief empirical signature of its atihecause the
phonological store relies purely on a phonological code; similar codes present fe
discriminating features between items, leading to impaired retrieval and pecaét
(Baddeley, 1992, p. 9). In support oétherceptuatjestural view, however, more recent
evidence indicates that the phonological similarity affects the articulatorgresth@rocess,
perhaps through its promotion of speech-planning errors (Ellis, 1980; Jones et al., 2004,
2006), not an impaicecapacity to discriminate similar items in a separate, passive, store
An attribution of the phonological similarity effect to the rehearsal prd@d$reviously
been rejected on the grounds that the effect was still found when rehearsalchategdre
by articulatory suppression so long as the items gained obligatory access to the
phonological store by being presented auditorily (Baddeley et al., 1984). However,
recent studies hawgiggestedhat thephonological similarity effect found with auditor
presentation under suppression is better explained in terms of the parasitic @se of pr
phonological (i.e., acoustic) auditory perceptual organization processeaetitiewal from
a post-perceptual phonological store (Jones et al., 2004, 2006, 208&¢liaddeley &
Larsen, 200).

The different accounts of the phonological similarity effect held by tmelate
model (e.g., Baddeley, 2007) and the percepyaatural framework (e.g., Jones et al.,
2004) provides a further means of adjudicating betvteememdecay and perceptual

gestural mismapping accounts of the talker variability effect. A keyrfgnthat has been
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taken as support for the fractionation of the phonological loop into a passive post-
perceptual phonological store and an articulatory rehearsal processtigetphonological
similarity effect combines additively with the welength effect: “..articulatory duration
and the phonemic confusability of items to be remembered exert additive and independent
effects upon performance in immatk serial recall, and hence [this shows] that they
reflect distinct components of the workingemorysystem Longoni et al., 1993, p. 14).
Specifically, within the phonological loop model, whereas the phonological siwilari
effect reflects a confusieduring+etrieval between similar phonological itemaces in the
passive store, theawd-length effect reflects a race between articulatory rehearsal and item
decay.

The rationale for Experiment 3 was as follows: Given that the-dtecay
accounts of thealker variability effect appeal to the same derzgtyearsal mechanism as
used to explain the worgngth effect, they also predict that phonological similarity and
talker variability should exert independent (i.e., additive) effects. In contrashe
perceptualgestural view, although talker variability and phonological similarity magcaff
thesequence output-planningogess in rather different wayshe former by making it
difficult to initially assemble the items into a rehearsal cohort (or spgladh, the latter by
promoting speech-planning errors during the cyclical elaboration and executiat of t
speeckplan (for further discussion, see Jones et al., 2004)—the important point for present
purposes is that they nevertheless both affect the sequence output-planning phegess. T
view therefore predicts that the two effects will interact (i.e., will be awbdhitive): The
phonological similarity effect should be smaller with talikariable lists because the
speeckplanning process will have alrealdgen corrupted to some extent by talker

variability.
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Item-distinctiveness accounts of serial shierm memory, as with the standard
model, also construe the phonological similarity effect as being due toetdegstructural
overlap between phonologilty similar items making them more difficult to discriminate at
retrieval. For example, in the feature model, successive items will overwetarmther’s
features to the extent that they are phonologically similar (Nairne, 19%8h Na©00).
Regardlessf whether proponents of the feature model would in fact appeal to the
attentional parameter to account for the talker variability effect as we havdadpdcthe
item-distinctiveness approach generally cannot ascribe the talker variabiitylless the
phonological similarity effect to the concept of item distinctiveness. Blmas because,
as noted earlier, the concept of item distinctiveness would, contrary to the ddiizt, gore
facilitative, not a negative, effect of talker variability. Thusm-distinctiveness accounts
make the same prediction as the Hdaetay accounts: phonological similarity and talker
variability effects should combine additively.

Experiment 3, therefore, required the serial recall of 6 letters which ciéd be
phorologically similar or dissimilar and these two types of list were presented gither
single voice or in alternating voices. Whilst the percepgigsitural mismapping account
predicts an interaction between the two variables, both the standard motie &ed:
distinctiveness based accounts predict that their effects should be additive.

Method
Participants
Twenty undergraduates from Cardiff University took part in return for course
credits. Each participant reported normal hearing and normal or taxiteenormal vision.
Apparatus and Materials
Four listtypes were generated representing a factorial combination of

phonologically similarity and talker variability. Each list comprised 6 letters theg w



PerceptualGestural Mismapping3(

either phonologically dissimilak( g, h, y, r, mor similar @, d, t, v, b,  Female and
malespoken versions of the items (the same male and female that produced the digits
Experiment 1) were recorded, edited, and presented in the same manner as indexgderim
Design
A repeateemeasures damn was used with 3 factors: Serial position;

Phonological similarity (similar vs dissimilar); and Voices (single vs alternafiigre
were 2 blocks, one comprising 20 phonologically dissimilar lists and the other 20
phonologically similar lists. The oed in which these 2 blocks were undertaken was
counterbalanced across participants. Within each block, 10 lists were presemtg@ddle
voice (5 female; 5 male) and 10 in alternating ferma#de voices (5 starting with a female
spoken item; 5 starting with a madpoken item). Within each block, these 4 ‘voigpe’
lists (singlefemale, singlanale, alternating, female first; alternating, male first) were
intermixed pseudo-randomly with the constraint that no type of list was preserdednt
successin.
Procedure

The procedure was the same as Experiment 1 except for the following.detail
Following the procedure of Henson, Norris, PaagejBaddeley(1996), before each block,
the 6 consonants to be used in that block were presented in a circéesmneén for 2
minutes to allow the participant to familiarize themselves with the closeeseemhey were
also given 4 practice trials (one corresponding to each vgeehst) before the
experimental trials. The experiment took approximately 25 min.

Results

Figure 3 shows serial recall performance across the six serial positithesfour

conditions. It is apparent that whereas with single voice lists there vy kge

phonological similarity effect, the effect is attenuated markedly with attaghaoice lists.
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Thus, the data exhibit a na@uditivity of phonological similarity and talker variability in line
with the perceptuagestural mismapping account but at variance with the predictions of
competing accounts. The results of a repeategisures ANOVA supported the foregoing
observations. There was a main effect of Serial posifi#),95) = 83.39MSE= 0.03,p <
.001, a main effect of Phonological similarig(1, 19) = 68.51IMSE=0.11,p<.001, a
main effect of VoiceF(1, 19) = 16.15MSE= 0.04,p < .001, and, most importantly, a
significant interaction between Phonological similarity and Vdigé, 19) = 13.16MSE=
0.03,p < .01. The interactions between Serial position and each of the other two variables
were also significantvhich were subsumed within a significant thieay interaction
between all three variables(5, 95) = 3.72MSE= 0.01,p < .01, which may, speculatively,
be described in terms of the phonological similarity effect with siaglee presentation
becoming moremphatic across the curve whereas with alternating voices its (generally
decreased) magnitude is more constant across the curve (especially aabpssaans 3
6). We would not want to attach too much theoretical significance to these interactions
involving serial position however: None of the accounts, as far as we are awaté make
particular predictions with regard to the interaction of the two main variableseurith
position.
Discussion

Experiment 3 showed thtdlker variability andgphonological similarity interact (i.e.,
are nonradditive) consistent with the view that both effects have the same functional locus.
The results are therefore at odds with the predictions of item-decay acbasetson the
standard model, at least as exdified by the phonological loop model (Baddeley, 1986):
If the phonological similarity effect is the empirical signature of a passioeghbgical store,
there is no reason to expect it to interact with the talker variability effect whoeh,this

perspective, has been attributed to the articulatory control process l{abawtvordlength
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effect; e.g., Martin et al., 1989). Note that the fact that there was ndessglaephonological
similarity effect regardless of talker variability (albeit a significantly smaltes in the
alternating voice conditions) means that the results canrastdmeinted foby supposing that
the hypothetical phonological store is abandoned under difficult conditions (see e.g.,
Baddeley, 2000, 2007; Baddeley & Larsen, 2007).

The interaction found between phonological similarity and talker variakslgyso
inconsistent with an iterdistinctiveness approach. This approach explains the phonological
similarity effect in terms of decreased inteam distinctiveness. Given than this
approach, thgreaterinter-item distinctiveness characterizing an alternating voice list should
improve performance, the approach must appeal to a mechanism (e.g., atteasonae
depletion; Neath, 2000) other than itelstinctiveness to explain the talker variability effect.
Thus, as with the standard model, the non-additive effect found in this experiment is
troublesome for this approach.

In contrast, the noadditivity of talker variability and phonological similarity effects
is consigent with the perceptualestural account. On the view that talker variability impairs
the capacity to populate the speech plan with the items in the correct order taery fur
speeckplanning errors—which we have argued elsewhéegrimarily responsibléor the
phonological similarity effecJones et al., 2004)—woultk expected to have less impact on
performance.

Experiment 4

On the perceptual-gestural mismapping accatmetassembly of items into a
rehearsal cohort (@equenceutput plan in the pance of the perceptuglestural view)s
a prerequisite for the effect: Thenpairment is based anconflict betweetby-voice
perceptual organization and the tendency to generate a seguepaeplarthat mimic

the true temporal order of the itenTdus, according to this account, a talker variability
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effect should only be produced (or at least be much more pronounced) iteshmort-
memory taskshat engage a sequengetput planning process in supportaotier
reproduction.

In contrastpn the itemdecay approach, expression of the talker variability effect
should not depend on the requirement for the reproduction of orelead &call is
vulnerable to talker variability not because of the requiremersdoal recall per sebut
because such variability increases the loss of-itemtity, one consequence of which is a
difficulty in retrieving the items in correct serial order if the tasétructions happen to
demand it. For example, according to the phonological loop model, both item- and order-
based short-term verbal memory tasks rely on the phonological stemeon et al. (2003)
contrasted performance on a task emphasizing memory for the identityit@ntisewith
that on a task emphasizing order memory and noted that “the observation that both tasks
were performed less accurately when probed reeadre [phonologically] confusable
provides useful confirmation that they were accessing phonologicaltehortnemory.”
(p- 1316). Thus, according to any account that conceives of the tallailigrieffect as
reflecting the increased decay of items in phonological gkort-memory, a verbal shert
term memory task should be vulnerable to talker variability regardless ohevhe
involves the reproduction of serial order.

Similarly, on the @entionalresource account derived from the feature model, there
IS no reason to assume that the requiremergdoal processing is critical for the talker
variability effect. This follows from the fact that in the feature model’s simulatiadhe
changng-state irrelevant sound effect in serial reealfhich appeals to the attentional-
resource parameter (Neath, 200Q@ke-serial nature of the focal task is of no consequence:
The value of the attentional parameter is decreased under conditions of cletatgng-

sound regardless of whether the task has a serial component (Neath, 2000).
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To date, there exists only scant and equivocal evidence pertaining to whetier talk
variability effects are found in short-term memory tasks that do not callder oetention
(and hence, from our standpoint, gestural-sequencing). For example, Watkins antgsWatki
(1980) found impaired recall of early list items in a talker variable conditionr direte
recall instructions whereadartin, Mullennix, Pisoni, and Summers (198ited in
Goldinger et al., 198 found thabrdered but notfree-recallwas vulnerable to a talker
variability effect. To complicate matters further, despite the fact that, nogifrek recall
requires recall of items in any order, performance of theitasften supported by ate®
rehearsastrategy(Bhatarah, Ward & Tan, 2008; Beaman & Jones, 1998; Kahana).1996
Thus, the free recall task does not hermetically isolate item from order ratpriicesses
and cannot therefore speak unequivocalltheissue of whether talker variability affects
non-order based tasks. ThereforeEkperiment 4to examine the role of sequence output-
planningin the talker variability effect, we adopt the oftesed device of contrasting two
tasks in which the presentation conditions and output requirerenidentical but the
requirement to retain order information differs (e.g., Henson et al., 2003; Jones &nylacke
1993).

We contrast the impact of talker variability op@bed recaltask (Waugh &

Norman, 1965), which, like serial recall, requires order retention, with that assanp

item task which requiregem, but not order, retention (e.eaman & Jones, 1997,
Buschke, 1963Hughes et al., 2007; Jones & Macken, 1993; Klapp, Marshburn, and
Lester,1983; Macken & Jones, 1995; Murdock, 1993). In the misserg-task, items

from a closed set are presented (gagrmutations ol-9) and the task on each trial is to
identify which item was left off the list. In this task, then, the emphasis lies withingta
which items were presented so as to be able to identify which one was not: it does not

require that the particular order of the itebesretained and it is generally assumed that the
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task is not performed by recourse to processing their order (e.g., Beanaes; 1997,
Macken & Jones, 1995; LeCompte, 199B)e probed recall task involves the same
presentation conditions and the same output requirements as the ressitgsk (.e., to
produce one item; thiatter feature making it a better comgamtask than serial recall)
but, at test, one item from the jystesented list is rpresented and the task is to report the
item that followed it in the list. Irhis task, thereforet is the order of the items that is
critical andaccording to the peeptualgestural view, performance of this taskke serial
recall butunlike the missingtem task—would be supported by a process of converting the
incoming sequence into a gestwatjuenceutput plan. On the basis of the perceptual-
gestural mismappmaccount, therefore, a talker variability effect should be produced in
the orderbased task (probed regdtiut not in the item-based task (missitegn recall).
This is because only in the probed recall task can talker variability possibly praduce
incompatibility between a sequential perceptual organization defined by vaice a
deliberatesequence output-planning process. In contrast, on thediéeay and attentional
resource accounts, talker variability should impair both tasks equally.
Method

Participants

Twenty-six participants from Cardiff University took part in a repeateshsures
design in return for course credits. Each participant reported normal or edrAectormal
vision and normal hearing.
Apparatus and Materials

The apparatus and negitals were identical to those used in Experiment 1 except for
the following alterations. The Hoe+temembered list for each trial consisted of eight digits
taken from the 9tem set 19 with the item missing from each list, or the item tpb=bed,

chosen randomly for each trial.
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Design

The experiment had a repeategasures design with two factors: Ligpe (single
or alternatingvoice), and Task (missing item or probed recall task). Each participant took
part in two blocks of 36 trials. In one blo¢ke task was to identify and recall the missing
item whereas in the other block an itemg{eobe’) was presented from the-be-
remembered list and participants were required to recall the item that hadeflitowv the
list. Within each block, there @ve 18 singlevoice trials (Single9 female, 9 male) and 18
alternatingvoice trials Alt: 9 starting with a female item, 9 with a male item). Within each
block, no trialtype was presented more than twice in succes$tomorder in which the
two blockswere undertaken was counterbalanced across participants. There were two
practice trials (1 Single, and 1 Alt) preceding each block.
Procedure

The procedure was identical to that of Experimer8steept for the response

phase in both blocks. For one block of trials participants were presented with the visual cue
“which item was missing?” 50 ms after the offset of the last auditory item. Panti€ipad
10 s in which to indicate—using a keyboarthe-digit they thought was missing from the
list just presented. For the other block, participants were visually presented with the
question “which item followed?” (wherex represents one of the digits presented in the to-
be-remembered list). Participants had 10 s in which to press the numeric kegnépge
the digit they thought followed As soon as a response was made, or after the 10 s time
limit, a 200 ms tone sounded to signal to the participant that the presentation of the firs
digit of the next tebetremembered list was imminewith the inclusion of an optional 5
min break between the two blocks, the experiment lasted approximately 20 min.

Results
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Figure 4 shows the percentage of responses in which the missing item (for the
missingitem task), and correct digit given the propeoped reca)l were identified in each
List-type condition. It is evident that the magnitude of the talker variabilitytaenuch
greater for the probed recadisk than for the missingem task.This was confirmed by a
repeateemeasures ANOVA which showed a maineeff of Listtype,F(1, 25) = 55.14,
MSE =.009,p < .01, and Task;(1, 25) = 10.14MSE =.022,p < .005, and, most
importantly, a reliable interaction between Higpe and Task:-(1, 25) = 11.40MSE=
.009,p < .005, reflecting the fact that ttedker variability effectvas larger in th@robed
recalltask.However, simple effects analyses (LSD) showed that performance was better
with singlevoice lists than with alternatirgpice lists in both the missiAgem (p = .005)
and probed recalp(< .001) tasks.

Discussion

The results oExperiment 4provide partial support for the perceptggstural
mismapping account: The effect of talker variability was significantly largdreprobed
recalltask than in the missing-item task but both tasks were nevertheless impaired. One
possible reason why an effect was found in the missemg-task is that even though the
retention of order is not an explicit requirement in the misgem task, serial rehearsal
may nevertheless be used to some extent to supgdormance in this task (see, e.g.,
Norris, Baddeley, & Page, 2004)jowever, anothgpoossibilityis that theparticular
demands of the missing item task may have produtatkar variability effect’that is of a
qualitatively distincform from thatfound in the probed recdlbr serial recall) task.
Specifically, theuse of two voicesnay have split the list into two stgets within which the
search for the missing itehrad to be conductedhat is, with an alternatingoice list,
there is always more than one item missing from within each voice (or eadh sstns

plausible that this places an additional burden on identifying the missing item. Thus,
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according to this ‘twesets hypothesis’, an alternatimgice list does not impair missing
item recall by rendering the list perceptually incoherefais we argue is the case with serial
recall and probed recathsks—but rather because the list is simply not homogeneous in
terms of voice. This analysis yields a clear prediction which is testexbi@rment 5:
Having two voices convey the list should impair missiega recall regardless of whether
the list is rendered perceptually incoherent.
Experiment 5

This experiment tests the tvaets explanation of théalker variability effectin
missingitemrecall by using, instead of an alternatvgjce list, a ‘separatedoices’
condition in which all the items spoken in one voice were spoken before the items spoken
in the other voice. Such a condition creates two sets of items but would not render the
suaessive items perceptually incoherent. Thus, if the impairment of migemgecall in
the alternatingroice condition irExperiment 4vas the result of a twsets problem (and
not perceptual incoherence), then the same impairment should be founganedest
voice condition. This hypothesis gains some credence from a study by Klap(i1683)
which found that missingem recall showed a numerical (but rRsignificant) impairment
when a verbal list was divided into two sets by the insertion of a temporal defhegy in t
middle of the list. Conveniently for analytical purposes, the opposite outcome can be
predicted for the probed recadisk: In order retention tasks such as praeedll, it is well
established that presenting items in sequentiallyndisgroups—where the groups are
separated by, for example, a temporal gap or, indeed, by veiteances recall (e.g.,
Frankish, 1985, 1989; Hitch, Burgess, Towse, & Culpin, 1996; MayPanmentier, &
Jones, 2002; Ng & Maybery, 200Ryan 1969).Thus, compared to the singleice
condition, wepredicted that separatetices presentation would facilitate performance in

the probed recathsk whilst impairing performance in the missitgm task.
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Method

Participants

Twenty Cardiff University undergradues took part in a repeateseasures design
in return for course credits. Each participant reported normal hearing andl morma
correctedto-normal vision.
Apparatus and Materials, Design, and Procedure

All these aspects of the methodology were identwdéhose used iBxperiment 4
except for the following alteration: The alternatwgice list condition was replaced with a
separatedroices condition whereby one voice conveyed the first four digits of the list and
the other voice conveyed the last faligits. For half the trials in this condition, the first
four digits were presented in a female voice and the second four digits in a malanic
vice versa for the other half of trials.

Results

Figure 5 shows the percentage of probed aisding itens identified correctly for
the two listtype conditions. The pattern of results is straightforward: Compared with
Experiment 4, the talker variability effect in the context of the misgerg task remains
whereas for the probed rectdkk, separatedoices lists were better recalled than single
voice lists. A repeated measures ANOVA showed that whilst there was no fheatnoéf
List-type,F(1, 19) = 1.66MSE= .005,p > .05, or TaskF(1,19) = 1.60MSE=.043,p >
.05, the critical interaction betweerst-type and Task was significaft(1, 19) = 19.63,
MSE= .005,p < .001. Simple effects analyses revealed that silaglé separatedoices
conditions differed from one another in both the missiag: (p < .05) and the probed

recall (p < .001) tasks but in opposite directions.
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Discussion

The results oExperiment 5are consistent with our hypothesis ttieg mechanism
by which talker variability impa&d performance of the missiAgem taskin Experiment 4
is distinct from that involved in tasks caltj for order retention: Probedaall—which calls
for order retentioa~was markedly impaired when the voices were alternaixgériment
4) but was facilitated when the voices were separated into two sequentiaigtdists
(Experiment $as compared uh performance ira singlevoice condition The facilitative
effect of grouping on probe®call is consistent withumerous studies showing grouping
benefits in order retention tasks (e.g., Frankish, 1985, 198 et al., $96; Mayberyet
al., 2002; Ran, 1969). Although the precise mechanism responsible for groefiects
remains a matter of debatmpirically it seems to reflect, at least in large part, a reduction
in the probability of transpositions (a type of serial order error in which two neigigbori
items are switched; cf. Henson, 1998) between items that traverse the boundages bet
the ‘minklists’ created by the grouped presentation. In terms of the percegestalral
approach, the benefits of grouping may be understood in termsadi@ufarly good
mapping between the organization of ffniesented materiator the type ofjyestural
organizationt promotes—and the temporally-based prosodic habits used in natural
language which we assume areagted to support serial recall (Jones et al., 2004).

In contrast, the missingem task was impaired by talker variability regardless of
whether the two voices alternated or formed two sequentially distinct sesgdattern is
entirely in line with our hypothesis that the difficulty imposed by talker vaityain the
missingitem task is caused by having two sets within which to have to search before
identifying the missing item and is not restricted therefore to tal&gable lists that are

sequentially incoherent. Thus, only whesguenceutput plannings likely to be a
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dominant component of the task (serial recall and probed task#) does talker
variability impair performance by its action of rendering the list perceptualbhierent.

The results of Experiments 4 and 5 pose further problems for item-decay accounts
of the talker variability effect. Given that these accounts suppose thatdberesults from
the greater loss of the integrity of item information, it is far from clear why the mgissin
item task—which would seem to renre that the identity of the presented items be retained
so ago identify which item was missingis not susceptible to the ‘classical’ talker
variability effect. Indeed, it could be argued that the misgem-task, according to the
item-decay accountshould be more, not less, susceptible thamptbked recaltask (or
serial recall), in which memory for item content is negligible. Howeves, mssible
objection from the perspective of the standard model upon whichdiégeiay accounts are
baseds that whilst both itemand ordebased tasks are assumed to be supported by a
labile verbal store (Henson et al., 2003), only ofased tasks (such as trebed recall
and serial recall task) involve articulatory rehearsal@mg such tasks should, tledore,
be susceptible totalker variability effectSuch an argument would be consistent with the
assumption within the standard model that rehearsal is a precondition for theengtid-
effect, an effect also explained in terms of a race between decay and rehearsae{Badd
2007; Baddeley et al., 1975). In this way, itleen-decay accountas well as the
perceptualgestural mismapping view could account for why only the obdeed task
showed a talker variability effect. However, a problem with ¢bisnterargument is that
given that iterrbased tasks rely on retrieval of degagnetraces from ghonological
store (sed¢denson et al., 2003), it is far from clear wihpse tracesnly need to be
refreshed by articulatory rehearsal when tloedter alsoneeds to be retained.

An attentional-resource based account (e.g., Neath, 2000) also fails to expfain w

the particular demands of the task has a critical impact on the talker varialbddy &f
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cannot easily be argued that the missing item tasknweais quantitatively demanding—
and thus required more attentional resources—thaprtteed recaltask and contend on
this basis that talker variability could not exert as much damage. This is eétdnath
Experiments 4 and 5, performance levels for the two tasks in the baseline (i.e-ysiogle
condition) were nearly identical. We suggest that the interactions observezehabgk
and talker variability are, therefore, more parsimoniously ascribed wuidéatively
different requirement for sei order (and hencgequence output-planning) in the probed
recall (and serial recall) tasks compared to the misggm task.

In sum, the results of Experiments 4 and 5 complement those of Experiments 1-3
and, as a set, we suggest that the series provides compelling evidence #iithe t
variability is a joint product of obligatory auditory perceptual organizatrmhthe
deliberate attempt to assemble the items into a gestural sequence designed toamimic th
true temporal order.

General Discussion

The results of the present series of experiments may be summarized as:follow
Experiment 1 showed th#te presence dither a singleor alternatingvoice leadin
preceding an alternatingpice list accentuates the talker variability effect. Accordothe
perceptualgestural mismapping account, the leasl promoted the perceptual incoherence
of the list thereby exacerbating the poor mapping between automatic percegéasal
encoding and the need to generate a gestural (articulatory) analoguéroé tteenporal
sequence. Iterdecay accounts of the talker variability effect based on the standard model
(see Matrtin et al., 1989; Goldinger et al., 1991) and an attentional-resource account based
on the feature model (NeatRO00) would have predictedat the leaens should have

reduced rather than augmented the effect.
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Experiment 2 showed that the recall of fmaice lists was significantly better than
that of a twevoice (i.e., alternatingoice) list despite the fact the feuoice list would be
expected to impose a greater burden on item-encoding or attentional resources. The
perceptualgestural mismapping account can readily account for this finding by redourse
the fact that obligatory grouping by acoustic similarity (e.g., provideddmnanon
voice}—and hence a misleading subjective perception of order—would be stronger in the
alternatingvoice compared to the four-voice condition (Bregman, 1990). The results of this
experiment are also not readily accounted for in terms of a deliberateumi¢igroductive
strategy of rehearsing the items by voice (Greene, 1991): It seemdytiikiethe four-
voice lists would lend themselves to suachktraegy and yet a marked impairment was still
evident in this condition.

Experiment 3 showed that tatkeariability reduces the phonological similarity
effect in line with the perceptuglestural view that both effects are located in the gestural
sequencing process. At the same time, thisaduitive effect is inconsistent with the item
decay and itendlistinctiveness accounts which view the two effects as having different
functional loci. Finally, Experiments 4 and 5 together provided further convergenhegide
in favor of the perceptual-gestural mismapping account overderay and attentional
resourceaccounts by demonstrating that the (classical) talker variability effectyis onl
found when the task involves order retention and hence gestural rehpeobab(recall
than when the task only calls for item retention (missieqy task).

Implicationsfor ItemDistinctiveness/Attentional Resource Accounts

The basidalker variability effectvould appear to pose a problem facouns of
short-term memory performance couched witmnrdluentialclass of theory that appeals
to thesimilarity between items in a li¢e.g., Brown et al., 200Farrell & Lewandwosky,

2002; Nairne, 1990; Neath, 2000he greater discriminabilitgetweentems in a talker
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variable list should affordf anything,better, not poorer, recallowever we suggested
that the feature model, at least, might be able to appsttad, t@nattentionalresource
basedaccount: talker variability mighisurp general resources as represented by the
attention {@’) parameter included in the model (Neath, 2000).

Onedifficulty with thefeature model’s appe#d an attentional parameter (or the
concept of attentional resources more generalthat it has oftemotbeen clear, a priori,
when an impairment of performanad! be attributed to aepletion of attentional
resoucesor to item-distinctivenessnechanismgsee, e.g., Jones & Tremblay, 2004 a
discussion of this issue in relation to the irrelevant sound gffeéey advantage of the
present study in this regard is thaving talkefvariableto-be-remembered itemshould
clearly exert an impact atem-distinctiveness based mechanisthat is, it should
decrease feature overwritigtween modalitglependent featured successive item$or
details, see Neath, 2000). Thusstmulate he basic talker variability effecit would have
to be assumed that the depletiomedourcesesulting from talker variability produces
systematically greater cost than the benefit that the model otherwise pshdictdbe
foundwith talkervariable lists Again, it seems that sucln assumption can only be made
in an ad hoc manner. Moreover, evewd accepthis additional assumptionhe
attentionalresource account fails to explain tineredetailed empical signatureof the
phenomenon as revealed in the present siliogre mayof coursebe ways other than
appealing to general attentional resources by which proponents of itemioistiess
accountsnight seek t@xplainthe basidalker variability effectHowever, wesuspect that
the particular pattern of findings revealedthe present studythe role of perceptual
organization; the noadditivity of phonological similarity and talker variability; and the
particular vulnerability of ordebased tasks-maypresent a&onsiderablehallenge tsuch

accountsWe hopethatthe present results will catalyze efforts to meeich achallenge.
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Implications for Standard Model-Based Accounts

Current accounts of the talker variability effect set within the framewotkeof
standard, decay-rehearsal, model of verbal sieont-memory (e.gAtkinson & Shiffrin,
1968; Baddeley, 1986) appeal to the concept of deoay(Goldinger et al., 1991; Martin
et al., 1989; Nygaard et al., 1995). Based on the present results, atettaynapproacto
the effectseems no longer tenabk,least in te context of the typical (pure) serial recall
setting However, as noted in the Introduction, although an decay approacto the
talker variability effect in pure serial recadl logically consistent with the standard model,
the itemdecay account&soldinger et al., 1991; Martin et al., 1989; Nygaard et al., 1995)
weremotivated initiallyby resultsderivedfrom an arguably atypical serial recall task: each
trial comprisedLO unique wordsn each trial and a fregutput procedure was adopted (i.e.,
items could be output in any order but they had to correspitinthtely totheir correct
input positions). Moreover, in thalkervariable condition in thee studies, each item was
spoken in aifferentvoicealthough it is not clear whether (different) limand female
voices nevertheless alternatéds therefore difficult toassesshe extent tavhich the
effects found in tis atypicalsetting ardunctionallysimilarto those observed in the
present experiments (and in Greene, 19Baj).example, presging aunique set of items
on each trial meanthat the taskunlike pureserial recall, imposea relatively large burden
onitem memoryThus,thetalker variability in this settinghayaffectitem, not order,
memoryeven though performanegas scored mthe basis of aorrectcorrespondence
between each item’s input and output positimecfusdorgetting and failing to output an
item would stillhave been registered as an errttris also possibletherefore, thaitem-
decay—basedossiblyonitem-level perceptual factorroice normalization/incorporation;
e.g., Goldinger et al., 1991)—may indeed contribute to the effect fouhd mtypical

serial recalsetting. However, such an account would still have to explain why it is that
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other tasks calling for item memory (e.g., the misstag task) seem invulnerable to a
‘standard’ talker variability effect (preseBkperiments 4 and)5

An alternativepossibility that would be consistent withe perceptuagestural
mismappingaccount is that althoughe atypical serial recall setting (e.g., Martin et al.,
1989)places a large burden @dem memory, talker variability nevertheless impairs that
componenbf the taskthattaps intothe efficacy oforder processingnd tence of a
sequence output-plannipgocessSeveral aspects of previous resultsiarkne with this
analysis First, in both free recall (Watkins & Watkins, 1988nd in the atypical serial
recall task (e.g., Martin et al., 1989), talker variability only afféuesrecall of that part of
the list—the early par-thathasbeen found to be supported $grial rehearsal (even in
free recall;Beaman & Jones, 199Bahana, 1996 Indeed, the serial position curve
obtained in the atypical procedure (see, e.g., Martin et al., 1989) resembles a tmafposi
that found in serial recall and free recall: It exhibits both a large, extepdetcy portion
(as in serial recall) and a large, extended, recency effect (as in free recall, seatBaat
al., 2008. Second, wen the rate of presentationsiswed dowrsubstantiallyto beyond 1
item/2000 or 4000msthe effeciof talker variability in the atypical setting reversesto
positive effec{Goldinger et al., 1991 his may be explicable in terms ai articulatory
serial rehearsal strategy usedtilrelatvely fast rates (e.g., 1 item/250ms: Goldinger et al.,
1991; 1 item/350ms: present studying way—particularly given the use of a unique set
of semanticallyrich items (nouns) for each trial—soqualitativdy different, perhaps
semantiebasedstrategyat much slower presentation rateswhichthe differentvoices
can now be exploitetb enhance tention(e.g.,by associating eacttifferentvoice tem
with a person’s name; Lightfoot, 1989, cited in Goldinger et al., 1991).

Whilst the extahstandard moddbased accounts of the talker variability effect do

not fare well when applied to the effect found in pure serial reaballe may be other
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means byvhich the standard model (particularly the phonological loop model; Baddeley,
1986, 2007) could potentially account for thesicphenomenon. For example, one
possibility might be t@ppeal tacomputational models of how the phonological loop
retains and reproduces serial order, a consideration that haslfypsah seen as
complementary, bugecondaryto the core iterrbased architecture of the underlying
functional-level theory (see, e.g., Baddeley, 200us, alker variability might be seen as
disrupting one of theeveralmechanisms that have been proposed to support serial order in
the phonological loofe.g., gorimacy gradiet) Page & Norris, 1998n oscillatotbased
timing signal;Burgess & Hitch, 1999). Indeed, sueh approach hasreadybeenadopted
in relation to the disruptive impact of@levant speech on serial req@lolle & Welsh,
1976; Salamé & Baddeley, 1982). In principle, therefore, the same approach mighnbe take
in relation to the talker variability effedndeed, such an approach woaldeas@llow the
standard model to explain our finding that orbesed tasks aggarticularly (or, more
arguably, uniquely¥usceptible to the effedExperiments 4 and)5

However,an approach that appeals to orderchanisms but nevertheless adheres to
the notion of a passive phonological stea&uld still seem to face diffidties with the
interaction we observed between phonological similarity and talker dyig&xperiment
3). In computational models of the phonological loop, the phonological content of the
items—the similarity between which, on this approach, is responsible for the |plgoad
similarity effect—occurs at a stage that is independent of the mecharespensible for
representing ordgiPage & Norris, 1998). Thus, if talker variabilisyassociated with the
orderstoring stagethen it should leave thépnological similarity effectinscathed,
contrary to our data. Furthermore, the role played by perceptual organizatcasges in
the effect (Experimestl-2) would alsoappear problematic for the approach. The standard

model has not, historically, invekl the action of perceptual organization proce¢edy.,
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Baddeley, 1986, 2007), presumably because such processes are clegrgcifiatto
verbal input (and hence not uniquely ‘phonologicBfegman, 1990). Howevaelt,is
possible that the model could éxtendedso ago include a further module at the front-end
of the phonological store to accommodate the impact of perceptual organizatissspsoce
(e.g., Page & Norris, 2003p.erceptual organization may then be seen as impacting upon a
representatio of order within the phonological store in some way. Howeherdifficulty
with taking such a step is tha$ anncreasing number of serial recall phenomenéabareg
explained by recourse tgeneralpurpose prgghonological acoustic (i.e., auditory
streaming)processesoupled witharticulatory (or more generallynotor-) planning
systems, it ibecomingess cleawhat additional explanatory power is gairmd
postulating a distinct, post-perceptual, memory structure (the phonologicallstated n
betweerthose perception arattionsystemgfor a convergent view from a neuroscientific
perspective, seBuch®aum & D’Esposito, 2008).
Towards an Embodied View of Shtetm Memory

The appeal in our perceptugdstural framework to generplrpose proesses
involved in perception and action that are co-opted to meet the demands of a short-
memory task (for similar views, see Glenberg, 1997; Reisberg et al., 1984nV&i Fox,
2007) resonates with a current shift in cognitive science towards embodymigaog
(e.q., Clark, 2006; Pecher & Zwaan, 2D0Bhis shift has emerged as a reaction to the
received view of cgnition asthe action of static, central, and contéee processingnd
storagestructures/resources that are divorced from theatled “peripheral” processes of
perception and action (e.g., Clark, 1999; Hurley, 2001). Instead, an embodied analysis
focuses on the dynamprocesses involved igoaldirected and coherent engagement with
the environment given the constraints and capacities of the organism’s seowri-m

apparatus. Thus, in this spirin@way of fleshing out the gestural component of our
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accountof shortterm memorys to suppose that sequence output-planningébearsa)
reflects the operation of a motactionemulator Recent work on motor control suggests
that in order for motor-action to be executed in a fluent mamandorwardmodel’ of the
action—consisting of both the instructions to the effectors and, importantly, the sensory
sequela®f the actior—is generatedo that themminentaction can be compared with the
intended actiorfe.g., Grush2004; Shubotz, 2007). An importdeature of these modeis
the current contexs that they can be run without being implemented, that is, they may be
runin emulation node without necessarily resulting in any overt action (e.g., Jordan &
Rumelhart, 1992).

Thus, wecontend that the tendency to engage in articulatory reheasakerbal
serial recall task does not reflect the fact tteahsare represented in a labfiem in a
staticphonologicaktore (see also Reisberg et al., 1984). Rather, such engagement reflects
the fact that the monophonic and heneeessarilysequenal natureof speeckor of the
emulation of the movements of the vocal tract) endows theidiucl with an ideal
medium for takinga series of largely sequentiallyrelated verbal items and placing them
onto a common carrier, that is, a single, relatively more sequentially-cohacgah.In
addition, when the to-beemembered material is aualiy-verbal, the actionf perceptual
organizatiorprocesses-which are not distinctly phonologicalean alsacome into play to
shape performanc¢as evidenceth the present study (see also Hughes & Jones, 2005;
Jones et al., 2004; Nicholls & Jones, 2002)e talker variabilityeffect appears to reflect
an impairment in the auditoyotor mapping process (Buchsaum & D’Esposito,
2008)whereby the process of populating a necessarily abst@or-output emulator
systemwith specific contenits misinformel by the auditoryperceptuabrganizatiorsystem

(for other examples of thele d pre-phonological perceptual organization processes in
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serial shodterm memory, see, e.g., Jones, Alford, Bridges, Tremblay & Macken, 1999,
Jones et al2006 Nicholls & Jones, 2002).

Encouragingly, conclusions from severasearch programmesher than our own
are now converging on an embodied conceptualization of sfrantmemory. For example,
Wilson and Fox (2007) recently found that serial recall of novel sequences of handsgesture
(that seemed unlikely to be mediated by their verb#elling) exhibits several of the
effects that are, putatively, hallmarks of a specifically verbal gbart memory system,
namely, the “phonological” similarity effect, the “artiatbry” suppression effect and the
“word” length effect. Such results led the authors to suggest that “(r)atdremiolving
hardwired and dedicated components, working memory may instead consist of thacstrateg
recruitment of cognitive resources, detared on the fly by the immediate demands of the
task (Wilson & Fox, 2007, p. 478 A trend toward the view that there is distinctshort-
term/working memory system is also emerging within the neuroscientific liter&tore
example, it has been traditialto view the frontal cortex (especially the prefrontal cortex) as
the seat of a dedicated shtetm/working memory systeife.g., Goldman-Rakic and Leung,
2002; Logie & Della Salla, 2003However, more recent evidenagggests that activity in
these working memory’areas may instead reflesbn-mnemonic sensory, attentional, and
actionrelated functions involved in an organism’s immediate interaction with the
environment (fomreview, see Postle, 2006; see also Buchsbaum & D’Esposito). 2008
Given such convergence of viewthe time seemspe for a shift in research focus awaym
delineating the properties of bespoke shertn structures and mechanistasexamining
how thecapacities and constraints on perceptual and aptamming processeafictate

sequential behavior over the shtetm.
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Footnotes
1. The term ‘talker variability effect’ has been used in sevdwanains (e.g., in the context
of longterm recognition tasks; see Gulder, 1996). However, in the present article, when

using this term, we are referring specifically to the effect in the contextiaf secall.
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Table captions
Table 1.A schematic representation of the six conditions contrasted in Experiment 1.
Single = Single vice; Alt = Alternating voices. For conditions@3 the first part oeach
conditionnhamerefers to thevoice presentaticformatof the leadin whilst the second

refers to that for the tberememberedist.
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Figure captions
Figure 1.Mean percentage of items correctly recalled at each serial position in the six

conditions of Experiment 1 (see Table 1 for an illustration oStkheonditions).

Figure 2.Mean percentage of items correctly recalled at each serial position in the Single

Alt- (Alternatingvoice), and Fouxoice @nditions inExperiment 2

Figure 3.Mean percentage of items correctly recalled in the siragld alternating/oice
(Alt) conditionsfor phonologically dissimilar (Diss) and phonologically similar (Sim) lists

in Experiment 3.

Figure 4.Mean percentage of items correctly recalled in the siragld alternating/oice

conditions in the Missing Item arfobed recaltasks inExperiment 4

Figure 5.Mean percentage of items correctly recalled in the siragld sepratedvoices

conditions in the Missing Item arfobed recaltasks inExperiment 5
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Table 1
Condition Voice Lead-in To-be-remembered list
1. Single Female (or male) voice 6 527 1483
2. Alt Female (or maleyoice: 6 2 1 8

Male (or female) voice: 5 7 4 3

3. SingleSingle Female (or male) voice: 8 76 5432165271483
4. Alt-Alt Female (or male) voice: 8 6 4 2 6 2 1 8
Male (or female) voice: 7 5 3 1 5 7 4 3

5. Alt-Single Female (or male) voice: 8 6 4 2 6 5271483
Male (or female) voice: 7 5 3 1
6. Single-Alt Female (or male) voice: 8 76 543 2116 2 1 8
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