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Abstract

The characteristics of speech that determine its greater disruption of serial
recall relative to non-speech (the irrelevant sound effect) are investigated (c.f.
Tremblay et al., 2000). Degraded non-words disrupted‘serial recall less than clear
non-words. Tasks show that both vowels and consonants of degraded non-words
were misperceived, with initial consonants misperceived to a greater degree.
Measures that followed showed that clear sequences of non-words, with changing
vowels were more disruptive than sequences with changing consonants. Degrading
vowel only changing sequences reduced disruption of serial recall to a level
observed with clear consonant only changing sequences, whereas degradation had
no effect on disruption by consonant only changing sequences. In further
experiments the acoustic complexity of speech was reduced while maintaining its
intelligibility by removing fundamental frequency information. Whispered speech
disrupted serial recall to the same degree as voiced speech. Alternating voiced and
whispered speech sounds within a sequence did not reduce serial recall
performance relative to a sequence of voiced-only speech sounds. Results indicate
the formant structure of speech sounds and not fundamental frequency information
is the important carrier of acoustic change. Reversing the fine structure of
whispered speech damaged its intelligibility whilst preserving acoustic complexity
and these sounds were as disruptive of serial recall as normal whispered speech.
This indicates that vocal tract resonances (formants) of speech and not its
intelligibility determine its disruptive power. The relative disruptiveness of speech
and non-speech sounds was then examined. Sounds were matched for acoustic
complexity, but their ‘speech-likeness’ was destroyed. Speech disrupted serial recall
more than did non-speech. Results indicate that the biological nature of speech
renders it more disruptive than non-speech. The findings refute the ‘changing-
state-hypothesis’ which is derived from the object-oriented episodic record model.
This hypothesis argues that it is the degree of acoustic variation within an irrelevant
stream and not the nature of its component sounds which determines its disruption
of serial memory. Biological sounds may disrupt serial memory to a greater degree
since they are of behavioural relevance and provide information about the
environment that may need to be attended to. The addition of an attentional
mechanism to the object-oriented episodic record model that regulates the re-

allocation of cognitive processing resources is proposed.
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CHAPTER 1

1 LITERATURE REVIEW: EMPIRICAL FINDINGS

1.1 INTRODUCTION: THE IRRELEVANT SOUND EFFECT

The attenuation in performance on working memory tasks when
performed in the presence of extraneous auditory information is known
as the “irrelevant sound effect” (ISE) (Colle and Welsh, 1976; Jones and
Macken, 1993, Salamé and Baddeley, 1982). The ISE was initially
observed in experiments where the interfering sounds were sequences of
spoken words or syllables (e.g. Colle & Welsh, 1976; Salamé & Baddeley,
1982). In a typical ISE experiment participants are presented visually
with a series of between seven to nine digits or letters on a computer
screen in sequence with an inter-stimulus interval (ISI), while irrelevant
sounds are presented concurrently over headphones. Participants are
instructed to ignore any sounds they may hear and are also notified that
no test of the content of the auditory information will be made. At the
recall stage, memory for the order of digits or letters is disrupted by the
presence of the irrelevant auditory information, even though they are
instructed to ignore the irrelevant sounds (e.g. Colle and Welsh, 1976;
Jones and Macken, 1993; Salamé and Baddeley, 1982; Campbell and
Dodd, 1984; Jones, 1994). In addition, irrelevant sound has been found to
disrupt serial recall of auditory items (Campbell, Beaman and Berry,
2002) and lip-read items (Campbell and Dodd, 1984; Jones, 1994) in the

same way as with graphically presented items.

The ISE has been widely and frequently replicated (e.g., Ellermeier
and Zimmer, 1997; Tremblay and Jones, 1998) and has been interpreted in

terms of attention, perception and their interaction with memory (Larsen



and Baddeley, 2003). Empirical evidence shows that there is no
habituation as within the serial recall task the effect remains stable over
numerous trials and when trials take place days apart (Hellbriick,
Kuwano and Namba, 1995; Jones, Macken and Mosdell, 1997; Tremblay
and Jones, 1998). This chapter provides a review of the theoretical
frameworks put forward to account for the effect of irrelevant sound on
serial memory and the empirical findings relating to the irrelevant sound
effect. The chapter aims to put across a body of knowledge regarding the
characteristics of sounds and their organisation within the irrelevant
stream that are known to influence the size of the ISE, and those which
are shown to be unimportant. Also the types of task affected by
irrelevant background sound and the practical implications of the ISE are

surveyed.

1.2 EXPLANATIONS OF THE ISE

1.21 THE WORKING MEMORY MODEL AND THE
PHONOLOGICAL STORE HYPOTHESIS

Baddeley and Hitch (1974) proposed a model of working memory.
The working memory model (WMM) comprises an executive controlling
attentional mechanism, known as the central executive, which directs and
coordinates two subcomponent slave systems, the visuospatial sketch
pad and the phonological loop. The visuospatial sketch pad is in charge
of encoding, processing and manipulating visual information.
Phonological information (speech stimuli) on the other hand is
manipulated by the phonological or articulatory loop (see figure 1). The
phonological loop is made of two components; a phonological store,
which maintains speech-like stimuli and the articulatory control process,
which manipulates inner speech. Representations in memory held within
the phonological store are subject to decay after approximately one-and-

a-half to two seconds and then become irretrievable. The articulatory






(Salamé and Baddeley, 1982). In contrast to the irrelevant speech sounds,
the visual TBR stimuli enter the phonological store through sub-vocal
rehearsal, using the articulatory control process and are thus converted
into a phonological code. The PSH assumes that all stimuli are
represented as phonemes and that the confusion between auditory and

visual phonemes results in the ISE (Salamé and Baddeley, 1982).

1.2.2 THE OBJECT-ORIENTED EPISODIC RECORD MODEL

An alternative view to the working memory model (WMM) is the
object-oriented episodic record (O-OER). According to the O-OER model
(Jones, 1993; Jones, Beaman and Macken, 1996) all auditory information
gains access to short-term memory. It is assumed that both auditory and
visual stimuli are represented by abstract representations, referred to in
the O-OER model as ‘objects’. These representations are object-orientated
because they are not modality specific. Rather they code all
characteristics (visual and auditory) of incoming information. Objects
from both the visual and auditory modalities are therefore represented in
the same way in a single storage system. This feature of the O-OER
model differentiates it from other models of Short-Term Memory (STM)
such as the WMM (Baddeley and Hitch, 1974), which argue for the
existence of two separate storage systems for auditory and visual items
(Jones et al., 1996). Cues, referred to as episodic pointers, which are
associated with each object in memory provide a code for their serial
order. Streaming occurs in the different modalities, where items are
assigned to either the same or a different source. The creation of episodic
pointers is determined by the number of acoustic changes in state from
item-to-item and once created, their strength decays over time. Episodic
pointers are generated pre-attentively for auditory information. In
contrast, episodic pointers are generated and preserved by a rehearsal

process for visual TBR information (see figure 2). Serial recall constitutes






rehearsal mechanism not because they generate competing phonological
codes, but because sequences of discrete sounds automatically create
competing cues to serial order. These rival ordering cues disrupt the
rehearsal of associations between objects in memory, causing

deterioration of serial recall (Beaman & Jones, 1997).

Arising from the more general O-OER model (Jones, et al., 1996) is
the changing-state-hypothesis (CSH) (Jones, et al., 1996). The CSH
proposes that the critical factor in the irrelevant sound effect is not the
nature of the sound, but the nature and extent of acoustic variation in

either timbre, tempo or frequency within an unfolding auditory stream

(c.f. Jones et al., 1992; Tremblay and Jones, 1999).

1.2.2.1 Interference by process account

The notion that disruption is determined by competing cues to
serial order lead to the idea that interference is a result of a conflict based
not on content, but on the similarity of process between irrelevant and
relevant streams (Jones, 1999; Jones and Tremblay, 2000). This
assumption was developed as a refinement of the CSH. Critically, it is
thought that the breakdown of selectivity occurs because of interference
between two synchronised processes of order maintenance (seriation).
Remembering the order of items in the serial recall task provides one
source of information. In addition, the second source of order
maintenance (seriation) is produced when there is variation in the
irrelevant auditory stream, as the processes related to the perceptual
organisation of sound produce information about the order of the
sounds. Two key predictions have been generated from these
assumptions. The first concerns the level of seriation involved in the
recall task, in that if the use of serial order is diminished; the level of
disruption by irrelevant sound will also decrease (Jones, 1999). The

second prediction of the ‘interference-by-process’ proposition is that if



the level of seriation in the irrelevant stream is reduced, the level of

disruption will be reduced.

1.2.2.2 PHONOLOGICAL DISSIMILARITY

The PSH predicts that as the phonological similarity between the
irrelevant stimuli and the to-be-recalled items increases, the degree of
interference should also increase (Salamé and Baddeley, 1982). However,
empirical data demonstrates that the degree of phonological similarity
between the relevant and irrelevant material is not a strong dictator of the
degree of disruption (e.g. Bridges and Jones, 1996; Jones and Macken,
1995a; Larsen, Baddeley and Andrade, 2000; LeCompte and Shaibe, 1997).
Only Salamé and Baddeley (1982) found evidence to support the
hypothesis that between-stream similarity serves to increase the ISE.
Rather, what determines disruption is not the similarity of the relevant
and irrelevant streams of information, but the degree of phonological
dissimilarity of auditory items within the irrelevant sound stream (Jones
and Macken, 1995a). For instance, a stream consisting of non-rhyming
words, where each successive item is distinct produces more disruption
than a stream of rhyming words. For example, at, cow, nest is more
disruptive than seq, flea, key (Jones and Macken, 1995a). In addition,
Larsen, Baddeley and Andrade (2000) replicated this phonological
dissimilarity effect, but not in all conditions tested. The absence of a
consistent phonological dissimilarity effect can be accounted for by the
‘token-dose’ — the number of auditory events presented per time unit in
each trial. Memory interference increases as the irrelevant within-stream
token-dose increases (Bridges and Jones, 1996). Jones and Macken
(1995a) used 34 tokens, whereas Larsen et al (2000) synchronised only one
speech token with each of the 6 to-be-remembered (TBR) items and the
token set may not have been large enough to be sensitive to a

phonological dissimilarity effect.



These findings refute the phonological interference account of the
PSH but are consistent with the claim of the CSH, that a stream of sounds
demonstrating a considerable degree of acoustical change will cause
more interference (Jones et al., 1992). Furthermore, the phonological
dissimilarity effect is considered within the CSH as a phonological
example of a less specific ‘acoustic’ changing-state effect. Specifically,
when speech tokens form an irrelevant auditory stream, disruption is not
a function of the similarity between tokens at an abstract phonological,
speech-based level of analysis but instead dissimilarity at an acoustic

level.

1.2.2.3 THE EFFECT OF PRESENTING NON-SPEECH SOUNDS

Recall is also disrupted by many types of irrelevant non-speech
sound, such as simple tones (Jones and Macken, 1993) or music (e.g.
Klatte, Kilcher and Hellbriick, 1995; Salamé and Baddeley, 1989),
presented either during presentation of to-be-recalled information or
during the post-presentation retention interval (e.g. Jones & Macken,
1993; Beaman & Jones, 1998). Moreover, research has shown that
irrelevant sounds which change physically produce memory interference,
regardless of whether they are speech or pure tones. In contrast, stimuli,
which change less, for example sequences of identical tones or speech do
not (Jones and Macken, 1993; Neath, Surprenant, and LeCompte, 1998).
The former changing sounds are described as ‘changing-state’ whereas
less changeable sounds are described as ‘steady-state’. Whereas there is
research that does not demonstrate a ‘steady-state effect” (e.g., LeCompte,
1996) some research has shown a steady-state sequence to produce more
disruption than a quiet control, an effect which has been shown to be
statistically reliable (e.g., LeCompte, 1995 and Hughes et al, 2005).
Similarly, music varying greatly in pitch or tempo interferes with
cognitive performance more than music comprised of numerous legato

variations (Klatte et al., 1995). It is argued then, that the primary



determinant of disruption is the degree of change within the irrelevant

sound stream.

1.2.3 INTEGRATED MODEL OF ATTENTION AND MEMORY:
DISRUPTION BY DIMINISHED ‘ATTENTIONAL
RESOURCES’

Cowan’s (1995) integrated model of short-term memory and
attention, which acts as a general approach to information processing, has
been used to attempt to account for the ISE. Cowan (1995) assumes that
immediate memory involves the activated area of what is deemed as a
more long-term store and that only a portion of the activated memory is
attended to at a given point in time. In terms of the irrelevant sound
paradigm, visual TBR items are activated through rehearsal, and
therefore are in the focus of attention. Incoming auditory stimuli, such as
irrelevant sound can disrupt the attentional focus by automatically
attracting attention and thus shifting processing resources away from the
attended-to visual TBR items. The model can then, account for the ISE in
terms of rehearsal disruption by auditory distraction. Cowan'’s (1995)
model predicts that changing-state sequences produce an ISE, whereas
steady-state (repetitive) sequences in general do not (Jones and Macken,
1995a; but see Hughes et al., (2005). Cowan (1995) proposed that a
changing-state auditory sequence produces more interference than a
steady-state sequence because the attentional mechanism will quickly
habituate to a repetitive sequence but not to a sequence that changes.
This is because sequences consisting of an identical repeated item would
not elicit an involuntary attentional, Orientated Response (OR), an
account which is in line with the critical assumption of the CSH
(LeCompte, 1995). In contrast, changing-state sound sequences would be
more distracting because the novelty of each item would bring about an
involuntary attentional OR. The level of effect of the OR is determined

by the goodness of fit between the features of the auditory and visual list



information and the degree to which these features are represented in the
cognitive representation. The mental representation of the TBR item

sequence is progressively established.

However, consensus exists on the balance of experimental
evidence that factors associated with the evocation of the attentional OR
have a small role in the realm of selective attention (e.g. Allport, 1989).
With regards to a repeated changing-state stimulus sequence, the
disruption would be assumed to occur at the early stage in the
development of the TBR item’s mental representation, but there is
nothing in the literature to support this possibility. Repeated
presentation of an irrelevant changing-state sequence of sounds does not
produce a reduction in the magnitude of disruption and there is no
modulation of the magnitude of disruption over trials (Ellermeier and
Zimmer, 1997). In addition, the changing-state effect does not diminish
over experiments which normally consist of several trials (Hellbriick et
al., 1995; Jones, Macken and Mosdell, 1997; Tremblay and Jones, 1998) or
between experimental sessions separated by a period of time (Banbury

and Berry, 1997; Morris and Jones, 1990).

The explanation of the ISE currently offered by Cowan’s (1995)
model is problematic due to its abstract description, which prevents the
formulation of testable a priori hypotheses concerning the ISE. For
example, it cannot predict in an a priori manner that although changing
speech and tones produce an ISE, speech has been found to be more
disruptive of memory (LeCompte, Neely and Wilson, 1997) Also, in its
current state it does not comply with findings regarding acoustic-based
manipulations of irrelevant sequences. The model argues an increase in
disruption and thus distraction is the product of the ‘novelty” of
successive items, not by the amount of acoustic change between distinct
items. It predicts that as the number of novel items within an irrelevant

sound stream increases, so should the level of disruption. However, two
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novel items in an irrelevant sequence cause a level of disruption
equivalent to that observed in the presence of five novel items (Tremblay

and Jones, 1998). This finding is inconsistent with the predicted OR of

Cowan’s model and thus cannot be explained.

1.2.4 THE FEATURE MODEL

Nairne (1990) developed the feature model of primary memory,
which has been used as a framework to account for the ISE (Neath, 2000).
The feature model operates in a primary and secondary memory
framework. Primary memory is a system that preserves and processes
features relating to the items entering memory. Here a ‘feature’ of an item
refers to an element of a sound. In primary memory items are
represented as a set of features, and are recalled from secondary memory,
which Neath (2000) refers to as ‘memory proper’. It is assumed that
primary memory representations are made of modality-dependent
features and modality-independent features. Modality-dependent
features encode an item’s physical attributes that are specific to
presentation modality. Modality-independent features encode the
internal responses to an item (e.g. converting a graphical item into a
phonological representation). Modality-independent features are not
modality specific in that they represent attributes of an item that are
identical regardless of from which modality they emanate from. This
distinction between an abstract form of representation and a form that
represents the physical aspects shares consensus with general models of

dual coding (Surprenant and Neath, 1996).

During sequential presentation of items, items have access to the
primary and secondary store. Items located in primary memory referred
to as features are degraded as a consequence of retroactive interference.
If a feature of an irrelevant sound item is similar to a feature of a visually

presented TBR item, the feature of the TBR item will be overwritten. The
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model assumes no capacity limit and items are not subject to decay. At
retrieval, the item in secondary memory that best matches a degraded
feature in primary memory is located (Neath, 2000). Auditory
information does not share any modality-dependent features with visual
information. This is because memory representations of visually
presented items are generated internally (e.g. by sub-vocal rehearsal) and
thus convey only modality-independent features. Thus, it is argued the
impairment caused by irrelevant speech is determined by the modality-
independent features. It is assumed that the disruption of serial recall
performance is due to irrelevant sound items adding modality-
independent features to the cues of the TBR item representations. This
would decrease the likelihood of a match between their primary memory
representations and the correct secondary memory representations at

recall.

The feature model is supported by the finding that the word-
length effect is removed by irrelevant speech. The word length effect
refers to the finding that shorter words are recalled more accurately than
longer words. However, no difference in serial recall performance is
found for short and longer words learnt in the presence of irrelevant
speech (Neath, Surprenant and LeCompte, 1998). The observations that
adding a suffix (an irrelevant item at the end of a list) to a sequence of
repeated irrelevant speech produces a suffix effect above and beyond the
ISE and that a suffix effect occurs even when irrelevant speech items are
different (Surprenant, LeCompte and Neath, 2000) have provided
additional support for the general theoretical stance of the model. The
model is able to explain the finding of an ISE when the irrelevant sound
is presented during a retention interval (between list presentation and
recall) as well as when it is presented concurrently with visual TBR items.
This is because the feature model proposes that a feature is only

overwritten by another feature from an adjacent item (Neath, 2000).
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During the retention interval the TBR items are rehearsed and this allows

for the TBR items and irrelevant sounds to be analysed together.

The feature model predicts that disruption is due to interference
by content (Neath, 2000) and thus items in the irrelevant sequence which
are similar to those in the relevant sequence should produce more serial
recall disruption. However, irrelevant sounds and TBR visual items
which are phonologically dissimilar produce more serial recall
interference than when they are phonologically similar. For example,
irrelevant sounds which do not rhyme with the TBR items are more
disruptive than sounds which do rhyme with the TBR items (e.g. Jones
and Macken, 1995a).

The original model is also unable to simulate the CSH (Beaman,
2000) and cannot explain the effect of irrelevant non-speech stimuli on
serial recall (e.g. Jones and Macken, 1993; Jones et al., 1993). The effect of
irrelevant speech is explained in terms of feature adoption, which may
not be applied to the effect of irrelevant non-speech sounds. The feature
model can only provide an account of the differential effect of speech and
non-speech stimuli (e.g. LeCompte et al., 1997) if it is argued that speech
has more modality-independent features that are more similar to the
features of the TBR items. In addition, variations in pitch of items in both
speech and non-speech streams produces an ISE, an effect that the feature
model cannot explain by the notion of feature adoption. The modality-
independent features of the irrelevant sounds are argued to be adopted
into the modality-independent features of the TBR items. Pitchis a
modality-dependent (physical) feature and thus variations in pitch would

not result in feature adoption (e.g. Jones et al., 1999a).
In order to accommodate these effects the model has adopted an

attentional parameter, which mediates the overall level of attention or

available cognitive processing resources (Neath, 2000). The presence of
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irrelevant information, whether speech or non-speech, results in a dual
task paradigm where ignoring the sounds (secondary task) reduces the
availability of processing resources for the memory task (primary task)
(Elliot, 2002). This attentional element of the model allows it to account
for the ‘changing-state effect’ — the greater impairment of serial recall by
sequences of sounds which change more physically than sequences of
identical repeated sounds. Sequences which vary acoustically are argued
to re-direct more processing resources from the memory task at hand
because sounds which change more physically are harder to ignore than
repeated sounds (Neath, 2000). However, this adjustment is argued to be
underspecified as it cannot predict in an a priori fashion the amount of
attentional resources that will be recruited away from the memory task

by a particular irrelevant sound manipulation (Hughes and Jones, 2005).

1.2.5 TEMPORAL DISTINCTIVENESS THEORY

The temporal distinctiveness theory (TDT) (Glenberg and
Swanson, 1986) has also been suggested as possibly providing an
explanation of the ISE (LeCompte, 1996). The theory assumes that when
no other recall cues are present, temporal information is used to aid
retrieval of information from primary memory. Therefore, the number of
items in a search set determines recall performance. It follows that fewer
items in the search set will result in improvement of recall performance
(Macken, Mosdell and Jones, 1999). Temporal distinctiveness is therefore
characterised by the degree to which stimuli share a search set with other
stimuli. Fewer items in a search set are considered to be more temporally
distinct (Macken et., 1999). At recall, there exist temporal search sets that

incorporate both relevant and irrelevant information at a given point in

time.

The ISE is accounted for in terms of the irrelevant sound being

subsumed by the same search set as the TBR items. As a consequence
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memory interference is argued to be determined by the temporal
proximity of irrelevant sounds and TBR items. The additional load on
the search set by the presence of irrelevant sound results in cue overload
and reduced recall (LeCompte, 1996). It follows that irrelevant and
relevant items presented in the same temporal interval (e.g. presented at
the same time) are more likely to interfere with each other. However, this
cannot account for the disruptive effect caused by irrelevant sound
presented after TBR items in a retention interval between TBR item
presentation and recall (Miles, Jones and Madden, 1991). Interference
observed after list presentation is as marked as at the time of list
presentation, in spite of the fact that the amount of exposure to irrelevant
auditory information is equivalent (Miles et al., 1991). LeCompte (1996)
modified TDT in order to account for the post list presentation effect of
irrelevant sound. LeCompte (1996) proposed that the delay between
presentation of TBR items and their recall would act to diminish the
distinctiveness of the TBR items by widening the temporal window
which makes the search set. Furthermore, LeCompte (1996) argues the
delay would increase the overload of the recency portion of the search
set. As a consequence recall performance would be reduced, particularly
for the last few items of the list, which has been observed (e.g. LeCompte,
1994). Thus, a reduction in TBR items distinctiveness heightens the

susceptibility of the TBR items to interference by unattended sound.

The search set is argued to extend outside the TBR list and TDT
wrongly assumes that irrelevant sound presented before list presentation
will also impair recall. It is also incorrect in assuming the magnitude of
disruption produced will be equal to that produced when irrelevant
sound is presented after the start of the list. Macken, Mosdell and Jones
(1999) tested this assumption empirically. Five-second intervals of
irrelevant speech were presented during one of five intervals in a serial
recall task. Participants were exposed to irrelevant speech just before list

presentation, at the first half of the list, at the second half of the list, at the
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first half of a retention interval or during the later half of the retention
interval. TDT assumes irrelevant sound will have a greater effect the
closer it is to list presentation. Therefore, sound presented from the start
of the list should disrupt recall to a degree which is equivalent to
disruption observed when sound is presented after the list. Instead,
irrelevant sound presented before list presentation had a small effect on
recall of TBR items which was non-significant and the disruption was
statistically less than that which occurred when irrelevant sound was
presented directly after the list. Further, irrelevant sound was more
disruptive when it occurred during the last five seconds of the retention
interval than irrelevant sound played directly before the TBR list (Macken
et al., 1999). Irrelevant sound is also significantly more detrimental just
before recall, than sound presented at the first half of the TBR list.
Equally problematic for TDT, is that irrelevant auditory information
presented directly after the TBR list produced a more marked effect on
recall of the first half of the TBR list than when irrelevant sound was
presented at the first half of the list (Macken, et al., 1999). In light of the
empirical data, it seems TDT needs much refinement in order to account
for the ISE and the difference found with irrelevant speech and non-

speech stimuli.

1.3 ISE - MEMORY BASED LOCUS

Primarily, most ISE studies have investigated the detrimental
effect of irrelevant sound on visually presented graphic stimuli e.g. digits,
letters or words presented and read on a visual display unit (VDU).
These studies all have demonstrated a changing-state pattern of
interference (c.f. Jones, Beaman and Macken, 1996) in that a sequence of
sounds which vary physically is more disruptive of serial recall than a
sequence of repeated identical sounds. This observed pattern of
disruption occurs at an equivalent degree whether irrelevant sound is

presented currently or during a retention interval after the encoding of
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visual information (Baddeley and Salamé, 1986; Beaman and Jones, 1998;
LeCompte, 1996; Macken, Mosdell and Jones, 1999). It follows that
studies involving the recall of visual, graphic stimuli have established
that disruption occurs within memory rather than at perception or
encoding (Baddeley and Salamé, 1986; Miles, Jones and Madden, 1991).
This consensus is critical for the CSH, which assumes a changing list of
items disrupts recall by way of the order cues connecting the irrelevant
auditory events, which conflict with conscious efforts at seriation
(memory for order) of the TBR stimuli in memory, and therefore has no

mechanism to account for a perceptual effect (Jones et al., 1996).

Campbell and Dodd (1984) demonstrated approximately 14%
disruption of immediate recall of lip-read sequences from the single,
repeated utterance ‘bali’, presented concurrently with TBR material.
However, no reliable effect of a single utterance with a graphic visually
presented sequence was found. Further studies with lip-read lists have
shown a significant changing-state effect with sequences of distinct
successive sounds relative to a silent control condition, whereas a single
repeated utterance produced only a small non significant effect with
immediate recall disruption (Jones, 1994). Campbell, Beaman and Jones
(2002) have suggested that differences in the interference patterns found
by Campbell and Dodd (1984) and Jones (1994) may be explained by
reference to individual differences in sensitivity of participants tested

with irrelevant sound.

Campbell, Beaman and Berry (2002) conducted three experiments
which investigated the disruption of lip-reading by irrelevant auditory
utterances (bah, dah, gah, and lali) with the aim of distinguishing between
any effects of irrelevant sound interference at perception and in memory.
Using the stimuli of Jones (1994) they showed that a changing irrelevant
auditory sequence interfered with the perceptual identification of lip-read

items more than a steady-state auditory sequence. Campbell et al (2002)
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subsequently replicated the above result and implemented a tighter
experimental design, which prevented the occurrence of a memory effect
as a different randomisation algorithm was used. In this instance the
digits 1-9 were quasi-randomly sampled with replacement as opposed to
without replacement, in order to prevent the use of a memory strategy by
participants such as ‘checking off " in memory the digits which had been
presented. Further, the lip-read stimuli were screened for how
identifiable they were to control for the possibility that perceptual
irrelevant sound effects observed in their first experiment were produced
by stimuli that were already perceptually ambiguous. The third
experiment questioned whether or not the changing-state effect observed
with lip-read items was indeed an effect located at encoding as suggested
by the above experimental series, or in memory, as established by
previous studies (e.g. Jones, 1994). Irrelevant sound was presented in the
retention interval only. The findings demonstrated a disruptive effect in
memory, which is in line with previous experiments of delayed recall of
lists of visual, graphic items. This finding is also consistent with the
primary assumption of the changing-state hypothesis, that disruption is a
consequence of the conflict between two seriation processes within
memory. The findings in addition support the observations of Jones
(1994) on the assumption that a shared mechanism supports the
changing-state interference within memory for lip-read and graphically

presented information by streams of irrelevant auditory material.

The lack of a disruptive effect of steady-state sound challenges the
previous observations of Campbell and Dodd (1984). The disruptive
effect of changing sounds presented concurrently with lip-read TBR
stimuli can be accounted for if it is assumed that features of the irrelevant
sound overlapped with the representations of the lip-read stimuli, as
suggested by the feature model (Neath, 2000). This would result in a
reverse McGurk effect (audio-visual fusion), an ‘auditory blend’ illusion

(Campbell and Dodd, 1984). The McGurk effect was first demonstrated
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by McGurk and MacDonald (1976). These authors showed that when
video recordings of a speaker producing a syllable were combined with
audio recordings of syllables, so that they occurred simultaneously,
participants would perceive a third syllable. When the audio recording
of the repeated syllable ‘ba’ had been dubbed onto the lip movements of
the speaker producing the syllable ‘ga’, participants heard the syllable
‘da’. A reverse McGurk effect may have been more detrimental with the
numerous features of the changing auditory sequence than with the
repeated features of the steady-state auditory information. This would
account for the greater disruptive effect of changing sounds on memory
for lip-read items (e.g. Campbell and Dodd, 1984; Jones, 1994). However,
the feature model would need to be adjusted in order to explain the
results of Campbell et al (2002) as it lacks a mechanism to account for the

overlap of sound and TBR item features in memory (e.g. Beaman and

Jones, 1998; Macken et al., 1999).

It can be argued that the possible role of early (perceptual based)
and late (memory based) selection is not a primary issue. This is because
the primary task with regard to the degree of interference has been
viewed as a specific cognitive process as opposed to a technique of using

multiple cognitive resources.

The presence of irrelevant sound after list presentation has been
found to produce significant impairment in recall of the first half of the
TBR item list, more so than when irrelevant sound is presented
concurrently with the first half of the list (Macken et al., 1999). Therefore
the proximity of irrelevant sound to the TBR items does not determine
the disruption of recall. It is whether the TBR items are retained in
memory during the presentation of the irrelevant sound that matters.
TBR items at the beginning of the list will remain in short-term memory
(STM) as they are rehearsed. It is these items that are most disrupted by

irrelevant sound. This is contrary to the assumptions of the TDT, as
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unlike the CSH, this does not view rehearsal as a critical modulating

factor, but as a stage of recollecting encoded events.

Perceptual based organisational factors are important in
modulating the effect of irrelevant sound within memory as will be
discussed later. Therefore, the separate functioning of perceptual and
memory based processing is not clear. Moreover, the problem with
attempting to separate perceptual and memorial roles is emphasised
upon consideration of the fact that grouping factors involved in
perceptual organisation that are seen as pre-categorical have the same
effect as factors related to rehearsal in memory, rendering the difference

between pre and post categorical representation less obvious.

1.4 THE INTENSITY OF IRRELEVANT SOUND

Generally, empirical research converges with respect to several
aspects of the ISE. It is known that the intensity of the sound is not an
important factor at least within the range of 40 to 76 dB(A) (Salamé and
Baddeley, 1987; Ellermeier and Hellbriick, 1998; Tremblay and Jones,
1998) as it has been established that interference occurs with moderate
intensity levels (e.g., Colle and Welsh, 1976; Salamé and Baddeley, 1989).
This is true whether sound level is manipulated within or between trials
(Tremblay and Jones, 1999). Colle (1980) showed that there is no
difference in the amount of disruption produced by irrelevant speech and
only at the lowest level of 20 dB[A] does the effect disappear. It has been
suggested that the removal of the ISE at a level of 20 dB[A] was most
likely due to the auditory signal being only 12 dB above the detection
threshold of the listener (Ellermeier and Hellbriick, 1998), however, it can
be construed that 12dB is much above the detection threshold and the
removal of the ISE at 20 dB[A] may depend on the listener due to
individual difference beyond the detection threshold. The observation

that varying the intensity level of irrelevant sound has no effect on
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disruption offers support for a cognitive as opposed to a perceptual basis
of the ISE, which further demonstrates the role of pre-attentive
processing and acts as evidence against the role of arousal. The absence
of an effect of varying the intensity level of irrelevant sound in the ISE
paradigm also makes evident the difference between irrelevant sound
research and previous research investigating the effect of broadband
signals which demonstrated the objective effects of noise on cognitive
performance. Broadband noise produced reliable attenuation in
performance of vigilance and other mental tasks, only at high levels

(more than 85-95 dB), close to levels causing hearing damage (Smith and

Jones, 1992).

Ellermeier and Hellbriick (1998) replicated Colles’s (1980) finding
demonstrating that changing the intensity level of irrelevant sound has
no effect on the degree of serial recall disruption. Further, this finding
was extended to non-speech sounds (music). Although comparable
effects were found with irrelevant music, these were smaller than that
observed in the presence if irrelevant speech. Soft and loud conditions
did not statistically differ in error rates for either irrelevant speech or
musical backgrounds. Further, error rates produced under a control
condition of uniform pink noise, comparable in loudness to the loud
speech and music conditions did not differ statistically to error rates
produced under the silent control. The absence of an ISE in the presence
of pink noise is consistent with no effect of intense broadband uniform
noise (e.g., Salamé and Baddeley, 1982, 1989). At what signal-to-noise
ratio (SNR) the ISE disappears with respect to everyday listening
environments, in which background noise is always present was also
investigated. As an effect of music and speech is found, which is not the
case with uniform pink noise (Salamé and Baddeley, 1989); this suggests
that the time-varying acoustic changes in irrelevant sound are important
in determining the relative level of disruption by irrelevant sound. This

led Ellermeier and Zimmer (1998) to propose that adding additional
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uniform pink noise to the signal would decrease the ISE, even though
loudness increased (speech kept at a constant level). The ISE near the
masked threshold was examined by manipulating speech-to-noise level
(Ellermeier and Hellbriick, 1998). The masked threshold is the level of
degradation below which speech sounds are not detected and are thus
masked by noise. Above this masked threshold the speech sounds are
detected. Three SNRs of auditory items were generated and went from
just beneath the threshold of detectability to perfect discrimination of
auditory objects within the irrelevant auditory stream, by varying the
level of added uniform pink noise, with the level of the speech signal at a
constant level. Over a range no greater than 16dB, the ISE increased from
no disruption to maximum disruption. As the level of pink noise mixed
with the signal increased, so that the SNR was reduced, a decrease in

error rate was observed.

Ellermeier and Hellbriick (1998) went on to reveal the shape of the
function linking SNR to the magnitude of the ISE. More SNRs were
generated to isolate the range that diminishes the ISE from the highest
level of interference to no interference at all. The addition of uniform
pink noise systematically to reduce the SNR at higher levels of noise
addition removed the ISE. Thus, Ellermeier and Hellbriick’s (1998)
revealed that loudness plays no role in the ISE and when masking the
speech signal the ISE disappears even though overall loudness increases.
The removal of the ISE by decreasing the SNR may be explained by the
assumptions of the CSH in that there are more non-interfering aspects of
the auditory signal than interfering changing-state characteristics of the
auditory signal which, when audible disruption cognitive performance.
It follows, that masking time-varying acoustical structure of sounds will
act to diminish its effect on immediate serial recall and that changing-

state sounds are the basis of the generation of the ISE.
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It is known that a binaural advantage in intelligibility and
detectability is seen when the auditory system can utilise differences
between auditory inputs at the two ears (Moore, 2004). Ellermeier and
Hellbriick (1998) used the binaural unmasking method to investigate
whether a binaural gain in processing the speech signal would serve to
reduce recall performance. Conditions of binaural unmasking can be
created by presenting the signal to one channel (ear) only and noise in
phase to both channels. This situation creates a gain in detectability of
the speech signal and is referred to as a dichotic stimulus (Ellermeier and
Hellbriick, 1998). This is compared with the situation where both noise

and signal occur at both ears in phase, an example of a diotic stimulus.

Ellermeier and Hellbriick (1998) reasoned if masking the time-
varying properties of irrelevant speech reduces the negative effect
irrelevant sound has on serial recall performance, then the removal of the
effect by masking brought about by binaural listening would result in a
reduction in serial recall performance. In Ellermeier and Hellbriick’s
(1998) study two diotic listening conditions were tested, in which speech
and masking noise were presented in phase to both ears. In addition, two
dichotic listening conditions were tested; where one auditory channel
was fed speech and noise which was electronically mixed, and the other
channel was fed only noise (which ear received the speech was
counterbalanced across participants). Both dichotic and diotic conditions
were created for two low SNRs, thus four conditions of speech in the
presence of masking noise were constructed. In addition to the four
signal-to-noise conditions, silence and speech alone were presented as
controls to permit analysis by the level of the ISE. The error rates found
at the four signal-to-noise ratio conditions and silence were not
statistically different from each other. The main effect of sound input
was a function of the increase in errors produced by clear speech alone.
However, Ellermeier and Hellbriick (1998) argued that the pattern of

results produced by the diotic and dichotic listening conditions was at
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least in line with a binaural unmasking explanation of the ISE in a
qualitative meaner. The findings reveal that when the binaural
mechanism is able to partially distinguish the speech signal from the
background noise, the error rates increase by about 10 per cent. The
binaural-monaural difference is removed at the higher signal-to-noise
ratio of -4dB, which was expected due to the fact that the binaural
advantage in loudness tends to vanish as the speech signal level is above
threshold. It was proposed that the binaural mechanism plays a small

role in relation to the magnitude of the ISE (Ellermeier and Hellbrtick,

1998).

The finding that loudness is irrelevant to the ISE and that the effect
can be removed, even when overall loudness increases provides strong
evidence for the CSH in that the relative mixture of steady-state and
changing state sound predicts the level of the ISE. To a degree, this result
can also be explained by the phonological store hypothesis (PSH), which
assumes disruption is determined by the confusion between phonemes in
the phonological store (Salamé and Baddeley, 1982; 1989). This theory
would assume that fewer phonemes may enter the store as the speech
signal is increasingly masked by noise, which would result in a reduction
in the interference between the phonologically transposed visual items
and the automatically registered sound items. However, the monotonic
linear relationship between SNR and memory interference seen
(Ellermeier and Hellbriick’s (1998) is evidence against a speech filter
model that detects phonemes by way of categorical processing. If a
threshold of SNR needed to be exceeded in order for the phonemes in the
speech signal to be intelligible, a discontinuity in the SNR and memory
performance function would have been observed as opposed to a
monotonic function. In practical terms, this study suggests adding
uniform noise masks the disruptive changing acoustic components of
irrelevant sound when presented during a serial recall task. However,

annoyance produced by the noise would need to be measured, though
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difficult to quantify, during different cognitive tasks in order for this to
be considered as an effective noise abatement technique in the work

place.

Ellermeier and Hellbriick’s (1998) demonstrated that a rise in the
SNR provided by the binaural hearing mechanism in the near-threshold
range during a dichotic listening condition does not produce an ISE that
is statistically different from that obtained by diotic listening, which is

when both speech and noise is presented in phase to both ears.

1.5 THE ROLE OF NON-ACOUSTIC FACTORS IN THE ISE

Research evidence seems to clarify that the semantic similarity
between the irrelevant sound and the to-be-recalled items is not a
primary factor in producing interference. For instance, two experimental
examples can be given here, both of which afford adequate experimental
power. First, if streams of digits are presented concurrently with either
two-digit numbers, non-words made of the phonemes of the digits, or
words with phonemes that were similar to those of rehearsed digits, no
difference in recall disruption is evident (Buchner et al., 1996). Second, if
the type of the TBR items is the same as the irrelevant sound items,
manipulating the degree of similarity between the modality streams does
not increase the magnitude of performance disruption. Buchner et al
(1996) found recall performance after presenting a visual stream of TBR
digits, along with irrelevant spoken digits which were either in the same
range as the TBR digits or a different range was statistically

indistinguishable.

Empirical research concerning the meaning of sound (when speech
is presented) has established that meaningfulness plays a small role, if
any, in the effect (Buchner, et al., 1996). For instance, in terms of the

meaningfulness of the irrelevant sound sequence itself, when comparing
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narrative speech in the participant’s native language with a foreign
language, no significant differences in disruption have been observed
(Colle and Welsh, 1976; Jones, Miles and Page, 1990; Salamé and
Baddeley, 1982). Likewise, reversed speech produces a level of
interference relatively similar to forward speech (Jones et al., 1990). Only
one study observed an effect of meaningfulness in a serial recall task
(LeCompte et al., 1997), but the manipulation of meaning was poor and
the size of the effect was small (Jones, 1999). The irrelevant meaningful
speech in one experiment of LeCompte et al (1997) featured the words
chair, sky, box and egg. The meaningless condition comprised reversed
versions of the words in the meaningful condition. It follows that the
meaningful words may have disrupted serial recall more than the
meaningless reversed words because the speech-likeness of the reversed
stimuli was reduced as opposed to the meaningfulness of the words
having a greater effect. However, Jones et al (1990) found no difference
between the disruptive effect of speech played forwards and backwards.
Jones (1999) has argued that LeCompte et al’s (1997) study does not carry
much empirical weight alongside studies which have manipulated large
features of the irrelevant sound stream (e.g. Jones, Miles and Page, 1990;
Salamé and Baddeley, 1982). LeCompte et al’s (1997) study is
inconsistent with other studies that do not show an effect of meaning as it
suggests that weak manipulations of meaning modulate the size of the
ISE whereas more substantial manipulations of meaning do not. Another
cause to reject the notion of an important effect of meaningfulness
concerns the finding that changes at the supra-segmental level do not
determine the degree of interference, rather the level of disruption is
determined by variation at the item-to-item level, a notion clearly
demonstrated by the finding that looping a short sequence many times

does not attenuate the magnitude of the ISE (Jones, Madden and Miles,
1992; Tremblay and Jones, 1998).
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In contrast to studies of the susceptibility of tasks incorporating a
serial recall element, meaning has been found to have an effect in terms
of increasing disruption patterns in a primary task in which semantic
processing is important, such as in tasks requiring memory for prose, or
in some proofreading tasks (Jones et al., 1990). Oswald, Tremblay and
Jones (2000) found meaningful and meaningless irrelevant speech
interfered with a reading comprehension task, but meaningful speech
caused more disruption. Given that rehearsal and semantic processes
required during reading comprehension are subject to the disruptive
effects of meaningful speech, it can be assumed that semantic properties
of irrelevant sound increases interference in cognitive tasks that require
meaning to be processed. Therefore, tasks involving memory for prose
are likely to be disrupted by the semantic properties of irrelevant sound,
as opposed to serial recall tasks where meaning is not required to be
processed. In other words, whether the magnitude of disruption is
determined by either acoustic or semantic attributes of the sound is
dictated by the type of cognitive processing elicited by the task, which is

in the attentional focus.

Buchner and Eldfelder (2005) found irrelevant low frequency
(infrequent) distracter words disrupted serial recall to a greater degree
than did irrelevant high frequency (frequent) distracter words. This
effect of word frequency refutes the assumptions of working memory
models that do not include the operation of an attentional mechanism,
such as the modular working memory model (Baddeley, 1996) and the O-
OER model (Jones, 1993). These models argue linguistic, non-acoustic
based features of sounds will not influence performance during serial
recall and that the probability of an intact representation of a TBR item
should not vary due to distracter word frequency. These notions are not
supported. The modular working memory model (Baddeley and Hitch,
1974; Baddeley, 1986) proposes irrelevant speech gains automatic and

privileged entry into a phonological store. Immediate serial recall of the
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visually TBR items requires them to be converted into a phonological
representation (since the memory module features representations of
phonologically based codes), which indirectly enter the store through a
process of sub-vocal rehearsal using the limited capacity phonological
loop component of working memory. Memory interference results from
competing maintenance of phonological representations leading to
confusion between irrelevant and TBR phonemic codes (Salamé and
Baddeley, 1982). This model cannot account for the effect of word
frequency since there is no indication of how low frequency words would

be encoded more than high frequency words and thus cause more

confusion (Buchner and Eldfelder, 2005).

The object-oriented episodic record (O-OER) model (Jones, 1993;
Jones et al., 1996; Jones and Macken, 1993) assumes the important process
during serial recall is that of maintenance of the order of the TBR items.
The TBR items temporarily enter an episodic surface and are represented
by abstract memory representations referred to as ‘objects’. These objects
are linked by a series of production rules. These act as cues to their
temporal order and are referred to as episodic pointers. The objects
representing in memory the TBR items and the links forming connections
between them form via articulation. Importantly, the representational
formats of objects on the episodic surface are of an amodal nature. This
refers to the idea that no information with regards to the modality they
emanated from is provided. Irrelevant speech items form auditory
objects on this episodic surface through preattentive segmentation,
separating the sounds into individual auditory objects. A reduction in
serial recall performance is a consequence of the acoustic links generated
automatically between auditory objects interfering with the links
established among visual TBR objects (Jones et al., 1996). The O-OER
model would assume that a memory representation in working memory
is either accessible if a link points to it or not, which would be where an

irrelevant sound successfully competes for that link. This model,
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however, does not predict that memory representations, or objects as it
refers to, can be degraded and so it assumes irrelevant speech items will

not effect the probability of successful redintegration (reconstruction) of a

TBR item (Buchner and Eldfelder, 2005).

The feature model (Nairne, 1990; Neath, 2000) can account for an
effect of word frequency because it includes an attentional parameter that
can be adjusted according to the amount of processing resources
available for immediate memory. It can be argued that processing low
frequency (rare) words in comparison to high frequency (common)
words attracts more of a limited attentional resource and therefore results
in less of an attentional focus on the visual TBR items. Although the
proposed attentional parameter can be included to model effects of word
frequency, Cowan’s (1995) integrated model of attention and memory
provides the best theoretical framework in which to make sense of the
effect of non-acoustic characteristics of sound on serial recall. This model
would predict that low frequency words would result in more of a
reduction in memory for order because the likelihood of a TBR item
representation being intact is further diminished if the TBR items are
presented along side low frequency words, which automatically attract
attention and re-direct processing resources away from the TBR items
due to the irrelevant sounds being rare. These infrequent words would

act to elicit more of an involuntary attentional oriented response (OR).

Buchner and Erdfelder (2005) proposed that Schweickert’s (1993)
process model of immediate recall can account for the disruptive
difference observed between low and high frequency words because it
argues that the identity of TBR items can be reconstructed by successfully
matching degraded memory representations with long-term memory
traces. During immediate recall it may be possible for an intact
representation of a TBR item to remain and therefore it would be recalled

successfully. This would happen on the basis of a probability estimate of
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successful recall at each serial position in Buchner and Erdfelder’s (2005)
explanation. This means that the probability of an item being
successfully recalled can vary for items at different serial positions. A
separate parameter is assumed for each serial position and this allows the
likelihood of an intact memory representation to differ at different serial
positions (Buchner and Erdfelder, 2005). A degraded memory
representation could still occur depending on whether or not the item
representation can be redintegrated (reconstructed). An additional
parameter represents a general likelihood of accurate reconstruction,
equivalent for all items at the different serial positions. This parameter
would successful predict how distracter word frequency influenced the
level of difficulty attached to reconstructing the TBR items from
degraded short-term memory (STM) representations, which would be
dependent on the level of degradation of the TBR item representations.
The accessibility of the long-term memory (LTM) traces determines the
likelihood a TBR item in its degraded form in STM will successfully be
matched with a representation in LTM. Therefore, high frequency words
have more accessible LTM traces than low frequency words and would in

turn be more easily reconstructed in working memory.

Other studies have found evidence revealing how linguistic
features can serve to moderate the influence of irrelevant sound on
immediate memory, through supposedly modulating attentional based
resources. Elliott (2002) demonstrated that as age increased memory
interference caused by the presence of irrelevant sound was reduced.
This was explained with reference to processes of selective attention
improving with age in children. Buchner et al (2004) discovered that
positive and negative emotionally valent irrelevant words produced
more immediate serial recall interference than neutral words. In turn,
negative emotionally valent words were more disruptive than positive

emotionally valent words.
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Buchner, et al (2006) provided a replication of Buchner et al.’s
(2004) study in order to rule out a possible confound of differences that
exist between acoustic profiles of naturally spoken words related to
different emotional expressions. They reasoned negatively valent words
may slightly differ in how they are articulated. This might map onto
differences in fundamental frequency, the energy envelope or vocal
energy between the sounds. Acoustic difference due to emotional
expression may be construed as moderating the number of perceived
acoustic changes-in-state, which does indeed mediate serial recall
performance (e.g. Jones et al., 2000). Artificial associations of negative
valence were made with meaningless non-words. The first part of the
experiment involved valence induction. Non-words were also associated
with neutral valence or were trained to be heard as irrelevant. The
valence induction occurred as participants were required to classify non-
words by their final consonant. For each trial the consonant judgement
task required participants to respond as to whether the final consonant of
the non-words presented was I or Z. Three different classes of non-words
were formed, depending on the vowel they contained (which was either
‘a’, ‘e’ or ‘0’). Participants learnt that negative non-words required a
correct and fast response or their score for the ‘game’ would be markedly
reduced. Participants learnt that they could take as long as required
when responding to the neutral non-words as consequences of making a
correct/wrong response would only result in small increments or
reductions in game their score. For the irrelevant non-words,
participants were not required to make a response. The three classes of
non-words then featured in a serial recall task. Buchner et al (2006) found
that negatively valent non-words interfered with serial recall of visual
TBR items more than did neutral or irrelevant non-words. This data
successfully replicated the findings of Buchner et al (2004). In addition,
consistent with an effect of emotionally valent words on the modulation

of attention stems from the emotional stroop task, which demonstrates

that emotionally, loaded words delay the naming of the print colour of a
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word more than neutral words (Pratto and John, 1991; Wentura,

Rothermund and Bak, 2000).

This finding is compatible with models of working memory that
specify a role of attention in preserving the order of TBR items for serial
recall (e.g. Cowan, 1995 see also Neath, 2000). Within Cowan’s (1995)
integrated model of attention and memory the visual TBR items are in the
focus of attention as they are being rehearsed and are therefore
maintained at the highest level of activation. It can be assumed that
emotionally charged words attract more attentional resources than do
neutral words and that negative words cause more of a shift in attention
from simultaneous cognitive demands of the primary task than positive
words. Emotionally valent distractor words thus attract and redirect
processing resources to states of the environment that need to be
attended to. The cognitive system is alerted to these states of the
environment by the emotionally valent sounds and this acts to disrupt
cognitive processes such as serial recall of TBR items. (Rothermund,
Wentura and Bak, 2001). The finding of a significant difference in level of
serial recall disruption when comparing the effect of negative and neutral
non-words is evidence for them acting to signal a threat in the
environment. It follows the emotional valence of the non-words is the
important variable mediating the influence of irrelevant sounds as
opposed to simple stimulus-response associations, as both negative and
neutral non-words required a response in the consonant judgement task
in the valence induction phase, whereas irrelevant distractor non-words

did not and yet negative non-words were more disruptive.

The feature model (Nairne, 1990; Neath, 2000) can explain the
effect of the emotional valence of words, with reference to its additional
attentional parameter. This parameter is indicative of the processing
resources available for serial memory. It suggests that re-directing

attention from the maintenance of the order of the TBR items to the
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emotionally valent distractor sounds uses more attentional based

resources than does re-directing attention to neutral and irrelevant

distractor sounds.

The modular working memory model (Baddeley, 1986) and the O-
OER model (Jones, 1993) cannot explain the observed differential effect
between emotionally valent words because they argue only
phonologically-based characteristic of sounds moderate immediate
memory for order of TBR items. Furthermore, they do not include an
attentional mechanism. The modular working memory model (Baddeley,
1986) does outline an attentional system that of the central executive, but
this is argued not to be associated with STM storage of information
(Baddeley, 1990). As valence of distractor sounds does indeed influence
serial recall performance, Meiser and Klauer (1999) argue for the modular
working memory model to be extended to incorporate the central
executive, whose role is to coordinate and supervise information
processing and storage. The foundation of this suggested extension was
the observation that tasks with lower demands on the central executive
disrupted serial recall less than secondary tasks demanding a lot of
central executive function. An extension of the model assuming
attentional based and STM storage processes are not managed by
separate modular components would move away from the modules

central premise, that being the modularity of working memory function.

The O-OER model (Jones, 1993) could be developed so that
seriation of objects in memory requires attention and is subject to the
detrimental effect of attentional redirection of processing resources to
environmentally relevant irrelevant sounds. But seriation of TBR objects
would also still be susceptible to competing auditory processes of

seriation occurring on the amodal episodic surface use also the maintain

the order of TBR items (Buchner et al., 2006).
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1.6 ROLE OF WORKING MEMORY CAPACITY:
INDIVIDUAL DIFFERENCES AND THE ISE

A general assumption regarding the basis of the ISE is that a link
between working memory capacity and the magnitude of the ISE should
exist. This assumption stems from several of the models attempting to
account for the effects of irrelevant sound which assume a limited
immediate memory capacity. Irrelevant sound either fills the restricted
capacity of the phonological store (Baddeley, 1986) or an episodic space
(Jones et al., 1996). From this notion the prediction that individuals with
a low memory capacity would be impaired more than those with a high
memory capacity was derived. Thus, an effect of irrelevant sound would
stem from the restricted capacity of memory space left for the
maintenance of TBR items. Supportive of this prediction is the
observation that increasing the number of items within an irrelevant

auditory sequence results in an increase in the size of the ISE (Bridges

and Jones, 1996).

Ellermeier and Zimmer (1997) examined individual differences by
asking participants to memorise lists of visually presented digits in the
presence of foreign speech, pink noise and silence. These auditory
conditions were randomly mixed from trial-to-trial. Individual ISEs were
a function of the difference in recall errors obtained in the presence of
speech and in the quiet control condition. The numbers of recall errors
were normally distributed over a wide range and after four weeks the
finding of individual differences in serial recall errors was replicated.
Both large and reliable individual differences were documented in the
participants’ levels of susceptibility to disruption by irrelevant sound. In
the presence of irrelevant speech the number of recall errors on the serial
recall task increased by 50% and the effects were stable over time and the
reported individual differences in levels of serial recall interference were

independent of gender differences. That is, no difference was observed
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between serial recall errors for males and females. Ellermeier and
Zimmer (1997) failed to find a correlation between working memory span
and susceptibility to auditory distraction, as have several other studies
adopting different measures of working memory capacity (Beaman, 2004;
Elliott and Cowan, 2005; Neath, Farley and Surprenant, 2003). Therefore,
the degree of serial recall interference is not influenced by working
memory span. If this was the case, experiments manipulating the
characteristics of irrelevant sound, such as the experimental series of this

thesis, would have to match participants for working memory span.

Complex working memory capacity tasks have been shown to
modulate the effect of unattended speech in dichotic listening tasks
(Conway et al. 2001). Dichotic listening tasks have often adopted the
‘shadowing’ method. Here participants are asked to shadow the to-be-
attended sequence presented in one ear whilst arguably ignoring
irrelevant sound presented to the other ear. Studies of dichotic listening
have shown that participants are unable to detect the task-irrelevant
speech if it is foreign and if it is reversed (Cherry, 1953). In terms of
shared phenomenon, foreign and reversed speech has been demonstrated
to disrupt serial recall to the same extent as does speech played forwards

(Jones et al, 1990).

Conway et al (2001) used the operation span (OSPAN) task as a
measure of working memory and examined whether this could predict
performance on a dichotic listening task. The OSPAN task was
developed by Turner and Engle (1989). Here a mathematical problem is
shown along with a word. The participants are then asked to read aloud
the problem and the word and then indicate whether the operation is
correct. After a succession of trials, the participant is prompted to recall
the words in the correct serial order. The thinking behind using this
more complex task is that it would measure the participant’s ability to

coordinate resources between processing and storage needs. The results
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demonstrated that participants with a low working memory span were
more likely than those with a high working memory span to detect their
own name presented to the ignored ear. This was argued to occur
because the role of working memory capacity is to maintain activation of
relevant information and suppressing irrelevant sounds. Therefore
differences in the emergence of the cocktail party effect as referred to by
Cherry (1953) can be accounted for in relation to how participants differ
in their ability to control their attention; an ability to keep relevant items
in the focus of attention, whilst stopping attentional resources from
shifting to task-irrelevant sounds. Thus, OSPAN represents a measure of
the modulation of an attentional control mechanism. This view is
consistent with Cowan’s (1995) attention based model of immediate
memory where the ISE is the product of diversion of attentional resources

from the processing of TBR items by irrelevant sound.

Beaman (2004) questioned whether the type of memory span
measure was of importance and whether a more complex working
memory task as opposed to number correct in a silent control condition
(Ellermeier and Zimmer, 1997) may reveal a relationship between
working memory capacity and disruption by irrelevant sound. Beaman
(2004) took advantage of the fact that the irrelevant sound paradigm
shares a characteristic of dichotic listening, that being they both involve
examination of the extent of analysis carried out on task-irrelevant
speech. It was assumed that if an affect of memory capacity was found in
dichotic listening situations it might also explain individual differences in

the affect of irrelevant sound on serial recall performance.

Inconsistent with this was the absence of an effect of OSPAN on
the size of the ISE. If executive control of attention, reflected by working
memory capacity, mediated the individual differences in the size of the
ISE, it was too weak to be detected by using the OSPAN task (Beaman,
Bridges and Scott, 2007). Beaman (2004) did, however, find OSPAN

36



predicted the size of the ISE when the disruption was reflected in the
number of intrusions from the irrelevant speech sequence mistakenly
recalled in a free recall task as present in attended list of visually
presented items. The attended list was constructed from low-exemplars
of a specific category. The task irrelevant speech stream in the related
condition consisted of high exemplars of the same category. In the
unrelated condition, the irrelevant stream consisted of high exemplar
members of a different category. High span participants were less likely
than low span participants to recall irrelevant speech tokens when the
irrelevant speech and TBR items were members of the same category, and
thus semantically related. There was no confound of guessing, as the
probability of a categorically-linked item being mistakenly recalled in the
silent control condition would be reflected by the number of intrusion
errors occurring in silence. Contrary to this, for the unrelated speech
condition the probability of an item related to the same category being
mistakenly recalled is represented by the number of intrusions occurring
in the presence of categorically-unrelated speech items (Beaman, 2004).
Therefore, the silent condition acts as a conservative measure of guessing,
whereas the unrelated speech condition is a measure not as conservative,
when a decrement in recall occurs and resistance to semantic intrusions is
weakened in decision processes whilst recalling TBR items. It seems the
finding that the ISE was affected by working memory capacity was due
to the semantic analysis applied to the task-irrelevant speech and it is
therefore semantic processing of irrelevant speech which is mediated by

working memory capacity (Beaman, 2004).

The lack of a link between working memory capacity and
susceptibility to distraction by irrelevant sound refutes the claim that
dichotic listening and the ISE paradigm examine the same mechanism of
interference. This can be explained in terms of disruption by supposedly
unattended speech in the two paradigms stemming from two different

mechanisms, at least when the standard ISE is considered. Previous
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research has shown that meaning does not modulate the disruption of
serial recall by irrelevant speech. Further, non-speech sounds have been
found to be sufficient to produce the standard ISE during serial recall and
counting tasks (Buchner et al, 1996; Buchner et al, 1998) of which
demonstrate no meaning. The only crucial factor in bringing about the
ISE is that acoustically changes occur between each successive item (Jones
and Macken, 1993; Jones et al., 1990). Beaman et al. (2007) points out that
Conway et al. (2001) measured the occurrence of hearing one’s own name
in the unattended channel and Beaman'’s (2004) study involved recalling
an intruding irrelevant speech item, both of which are examples of
meaningful and indeed intelligible speech. Beaman et al. (2007) suggest
that individual differences in distraction in the cocktail party effect and in
the number of semantic intrusions during free recall (Beaman, 2004) can
be construed as evidence of a shared interference or inhibitory control
mechanism required to ignore irrelevant meaningful speech. Itis
suggested that a different mechanism modulates the ability to screen out

the disruptive variable acoustic characteristics of task-irrelevant speech.

1.7 THE TOKEN-DOSE AND TOKEN-SET SIZE EFFECT

Evidence exists suggesting the degree of disruption is related to
the number of tokens per time unit in the irrelevant stream, referred to in
the literature as the token-dose effect. A token is another term for an
irrelevant sound. If, within an irrelevant stream the number of tokens
presented per time unit increases, whilst the length of the signal is at a
constant, the degree of disruption will improve. However, no such effect
is observed for a repeated sequence (c.f. Bridges and Jones, 1996). This
finding supports a key assumption of the habituation hypothesis
embedded within Cowan’s (1995) integrated model of attention and
memory, in that the involuntary attentional oriented response (OR) to
irrelevant sound should take longer to habituate as more information is

presented (see section 1.6 on Cowan’s model). The greater speech effect
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observed by LeCompte et al (1997) is therefore explained in terms of
speech having more inherent attention-recruiting properties than tones.
However, the model cannot account for the equivalent disruptive effect

of speech and tones observed by Jones and Macken (1993).

Empirical data suggests that habituation only plays a small role in
the ISE. The habituation hypothesis states that the level of disruption
should increase as the number of different tokens in the irrelevant sound
stream increases. However, research on token-set size demonstrates that
disruption increases substantially when a set of discrete tokens increases
from one to two, and beyond this the magnitude of interference does not
increase significantly. One study presented sequences with set-sizes of
one, two, five and seven tokens and demonstrated a non-linear disruptive
function between token-set size and disruption for speech and tones
(Tremblay and Jones, 1998), which is evidence against the habituation
hypothesis (Cowan, 1995) but supports the CSH (Jones, 1993). The
concept of habituation also suggests that the ISE should decrease as trials
are repeated, but empirical data demonstrates no evidence of reduction in
disruption within (Jones, Macken and Mosdell, 1997) and between
experimental sessions (Tremblay and Jones, 1998). Tremblay and Jones
(1998) experimental series also showed that token-set size effects are
statistically equivalent in nature over adjacent trials. That is,
performance has not been demonstrated to improve at a faster rate in
trials composed of few tokens relative to trials consisting of many tokens.
Furthermore, the ISE cannot be due only to distraction of attention from
the task, as the nature of the task accounts partially for the degree of

disruption (e.g., Beaman and Jones, 1998).

Factorial combinations of token-set size and token-dose reveal no
interaction between these two factors, which is problematic for the
habituation based OR theory’s mental model framework. Instead, a

strong effect of dose and no viable effect of set size is observed (Tremblay
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and Jones, 1998). The changing-state hypothesis (CSH) can readily
account for this lack of an interaction by assuming that the first contrast
between two mismatched (distinct) tokens provides information
concerning memory for order. Thus, increased token-dose as opposed to
token-set size results in more information regarding memory for order

that subsequently conflicts with cues to seriation in the serial recall task.

The effect of token-dose is problematic for the O-OER model,
which predicts it is the number of changes between successive different
items and not the nature of the sound changes is critical. In contrast, the
PSH is not developed enough to account for the effect of token-dose or
token-set size and the original feature model cannot account for the
token-dose effect as it does not possess a mechanism for relating the

probability of overwriting to the number of irrelevant items displayed

(Bridges and Jones, 1996).

1.8 AN ‘ORDER-INCONGRUENCE EFFECT’

As previously discussed, Buchner et al’s (1996) research indicates
that the semantic similarity between the irrelevant sound and the to-be-
recalled items is not a primary factor in producing interference in a serial
recall task (see page, 24-26). Hughes and Jones (2005) found that serial
recall of visual digits was disrupted more by the irrelevant auditory
presentation of the same lexical set of digits than by the presentation of
consonants as irrelevant sound, but only when the order of the irrelevant
digits was incongruent with that of the TBR digits, an effect referred to as
an ‘order-incongruence effect’. Thus the content of items in the irrelevant
sound stream per se does not result in an increase in the size of the ISE.
Rather, This novel effect was replicated and it was also demonstrated
that interference was a function of the number of order-incongruent
transitions (number of digits in a serial position that differed from the

serial position of the same digits in the irrelevant stream, as opposed to
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the number of distinct items within the irrelevant auditory stream
(Hughes and Jones, 2005). This is compatible with an effect of ‘token-
dose’ (Bridges and Jones, 1996) and is consistent with the notion that
acoustic variation between successive items is viewed as the critical factor
in the modulation of the ISE’s magnitude (Tremblay and Jones, 1998).
Evidence of no token-set size effect was indicated by the finding that the
presentation of eight different consonants and eight digits whose order
was congruent with the digits in the TBR list produced no more memory
interference than presenting two different irrelevant consonants. The
absence of an effect of token-set size is consistent with the CSH’s view
that acoustic change between two successive items is key to determining
the magnitude of the ISE and that the addition of tokens thereafter would
produce no more interference. In contrast, there was a clear incongruent-
transitions set-size effect. As the addition of more tokens into the
irrelevant sequence (from the same set used to generate the TBR item list)
invoked more transitions that were incongruent with transitions in the
TBR item stream, memory for the order of the digits was reduced
(Hughes and Jones, 2005). Therefore, the eight digits incongruent order
condition disrupted serial recall performance more than the two digits
incongruent order condition. For instance, when the eight digit relevant
TBR sequence (e.g. 5,1,7,3,8,4,6,2) was presented along with eight
identical irrelevant digits, but whose order was incongruent with the TBR
sequence (e.g. 7,4,1,5,3,2,8,6), serial recall was disrupted reliably more
than when an irrelevant sequence of only two digits, whose transition
was incongruent with the transition of the digits in the TBR sequence was
presented (e.g. 4,74,74,74,7). Interestingly, the presentation of an
irrelevant stream that consisted of two transitions that were incongruent
with those in the TBR stream caused more memory interference than two
consonants, but also more interference than conditions with eight items,
but where there was no order incongruence (8 digits congruent order and
8 consonants conditions) (Hughes and Jones, 2005). This demonstrates

that the presence of an irrelevant stream whose tokens are identical to
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those of the TBR list causes more interference only if their order is
mismatched with the order required by the memory task. Therefore, this
adds additional weight to the consensus that the ISE is not driven by the

number of items or the content of the irrelevant and relevant item lists.

The above findings are problematic for the phonological store
hypothesis (PSH) (Salamé and Baddeley, 1982) which argues that
disruption stems from the content of the irrelevant sound. Interference
resulting from phonological confusions between items cannot account for
the order-congruence effect just as it cannot explain the standard ISE.
Likewise the feature model (Neath, 2000) cannot address Hughes and
Jones’s (2005) data. This is because the additional disruption from order-
incongruence between the task-irrelevant and relevant sequences is not
the result of the content of the irrelevant sounds overwriting the memory
representations of the TBR items. Theories advocating that sounds divert
attentional resources away from the memory task by an involuntary
attentional orientating response (OR) (e.g. Cowan, 1995; see also Neath,
2000) do not predict an order-incongruence effect. These theories cannot
account for why irrelevant auditory digits interfere with the serial recall
of the TBR digits to a greater degree than do other unattended sounds
(such as consonants) when the digits in both attended and unattended
streams are incongruent. This suggests that any theory advocating
distraction as the sole cause of interference is an inadequate theoretical
framework within which the effect can be abstractly explained (Hughes

and Jones, 2005).

Hughes and Jones’s (2005) data can be linked with the
interference-by-process account of the interference between irrelevant
and relevant information (Jones and Tremblay, 2000). The task of serial
recall requires the serial rehearsal of an episodic record containing the
order cues linking the representations of the TBR list of items. Changing-

state auditory sequences pre-attentively generate strong order cues and
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these must be inhibited to prevent them from suppressing the rehearsal
of the episodic record of the TBR items. The larger ISE obtained under
changing-state sounds is explained in terms of the automatic seriation of
irrelevant order cues, a process that is congruent and thus conflicts with
the general requirement of the primary task, that of maintaining the order
of TBR items. However, at the same time, the irrelevant order cues are
incongruent with the need to maintain serial order of the TBR items as
seriation of the irrelevant cues uses articulatory transitions in a different

order than those which are required for seriation of the TBR items.

The order-incongruence effect can be explained in terms of there
being a mismatch between relevant and irrelevant episodic records
containing seriation cues during the processing of the order of the TBR
items. To illustrate, when a TBR stream consists of the digit list, 5, 7, 2, 4,
then during an order incongruent condition the irrelevant order cues
(information in the unattended sound) would reflect transitions that are
highly congruent with the type of articulatory transitions that are
required to rehearse the order of the TBR information. For example, the
serial articulatory rehearsal transitions between the digits 7,4,5,2 are
highly congruent with those of 5,7,2,4, which make up the TBR digit list.
The transitions within the irrelevant auditory stream of digits would in
turn be incongruent with the transitions needed to recall the TBR items in
their correct order. This is referred to as the ‘action’ required by the
primary task (Hughes and Jones, 2005). Therefore, the order-
incongruence effect is assumed to be the product of the irrelevant sounds
being congruent as well as incongruent with the processes of order
maintenance during serial recall, and hence require more inhibition. This
is not what occurs when irrelevant sounds are unrelated to the TBR
items, for which less inhibition is applied (e.g., Jones and Macken, 1993;
LeCompte et al., 1997; Jones et al., 2000).
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These observations are compatible with a ‘selection-for-action’
approach to selectivity in attention and interference between competing
objects. The disruption from irrelevant sound does not stem from a
limited-capacity module or phonological store (e.g., Baddeley and
Salamé, 1986) becoming ‘full” or the redirection of limited attentional
resources (e.g., Cowan, 1995). Instead, disruption of memory for order is
the consequence of an inhibitory system that acts to stop irrelevant
sounds that are congruent with serial rehearsal processes required by the
serial recall task, but incongruent with the maintenance of order of TBR

items., from taking control of the seriation process (Hughes and Jones,

2005).

This approach can also provide a framework from within which
the effects of unattended speech on performance during a dichotic
listening task (requiring participants to shadow verbal information
presented to the other ear whilst ignoring information in the unattended
ear) can be explained. It is thus reasonable to assume that attentional
selectivity plays a role in mediating the ISE. Disruption of serial
rehearsal processes by irrelevant sound represents the activity of
attentional mechanisms that afford the primary task of seriation of the
TBR items to take control of task-directed cognitive processing (Hughes

and Jones, 2005).

Bridges and Jones (1996) did not find more interference during the
presence of irrelevant auditory tokens that were identical to the TBR sets
of permutations of the digits 1-9 than when the irrelevant tokens were
unrelated disyllabic words. Hughes and Jones (2005) suggest that this
was because these words would elicit more order cues due to sharp
acoustic mismatches between syllables within each word. These would
therefore produce a larger changing-state effect than the auditory digits
1-9 and in turn may have prevented the emergence of an order-

incongruence-effect. Hughes and Jones (2005) intuitively point out that
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the unrelated disyllabic words (such as bed, sap, pick and stop) presented
by Bridges and Jones (1996) have a bilabial (/P/), velar (/k/) or
palatoalveolar (/t/, /d/) offset and thus it is likely that they displayed
sharper energy transitions at word boundaries and more reliable seriation
cues than the digits 1-9, which all apart from ‘eight” have an alveolar

offset (/s/, /n/, /v/) or vowel offset.

1.9 TYPE OF MEMORY TASK AND THE ISE

Research has demonstrated that tasks that encourage or rely on a
serial rehearsal strategy, such as serial recall are more susceptible to
interference than tasks which do not (e.g., Beaman and Jones, 1997, 1998,
Jones and Macken, 1993). One technique (Beaman and Jones, 1997; Jones
and Macken, 1995b; 1995c¢) allows the same sequence of visually
presented TBR items, such as a list of days of the week, to be presented in
two different ways and thus requiring a different method of recall
strategy. Participants may be presented with Friday/ Tuesday/ Saturday/
Wednesday/ Sunday/ Thursday. The missing item requires information
regarding item identity, with no reliance on order information. This is
tested by asking participants to recall the missing day from the list of
days presented, which would be Monday. In contrast, memory for order
information can be tested using a probe. When given the list of days as
above and a probe features at the end, participants are required to specify
the day following the probe in the list. If presented with the same
sequence of days, but given the probe Thursday, the item following it
would be Wednesday. When these tasks are performed in the presence of
irrelevant sound the probe task is disrupted more by irrelevant sound
than is the missing item task (Beaman and Jones, 1997; Jones and Macken,
1995b; 1995¢). The probe version of the task involves seriation, which is
susceptible to disruption by irrelevant sound due to the order of
changeable sounds being automatically encoded and thus conflicting

with seriation of the visual TBR items. This is in line with the prediction
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of the CSH in that irrelevant sound is more disruptive of tasks that call on

memory for serial order (Beaman and Jones, 1997).

Beaman and Jones (1997) found a small but significant effect of
irrelevant sound on a missing item task, where lists of digits from the
sequence 1-9 were presented. Informal reports of participants revealed
that a ‘checking-off’ strategy was the primary mnemonic strategy
adopted. That is, mentally removing digits from the stimulus list as they
were presented. Although this task involves memory for items and not
their presentation order, rote rehearsal was used by some participants. In
order to clarify whether the effect irrelevant sound was indeed due to
some participants engaging in rote rehearsal, two variations of the
missing item task were contrasted. Here stimulus lists were either learnt
in a fixed order or a random order. Learning lists in a random as
opposed to a fixed order meant that participants could not rely on a fixed
order representation of the stimulus lists in memory which lead them to
encode their order. An effect of irrelevant sound was found for the
random order condition. In contrast, irrelevant sound had no effect on

memory for items in the fixed order condition (Beaman and Jones, 1997).

Other tasks relying on memory other than strict serial recall, such
as the missing-item task (Beaman and Jones, 1997, Jones and Macken,
1993) and memory for prose (Banbury and Berry, 1998) are adversely
affected by irrelevant sound but to a lesser degree (e.g., Jones and
Macken, 1993). Further, tasks that do not rely on seriation or memory, for
example perceptual tasks (e.g., Baddeley and Salamé, 1986; Burani,
Valker and Buttini, 1991) were found to be unaffected by irrelevant
sound. The sensitivity of memory for order to disruption is further
emphasised by the observation that other demanding tasks, interrupted
in other ways by selectivity in attention, remain unaffected by the

presence of irrelevant sound (Jones, 1993).
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An important finding with respect to theoretical considerations is
that robust irrelevant sound effects have only been demonstrated in
experimental tasks requiring memory for the serial order in which the to-
be-recalled items are presented (Beaman and Jones, 1997). Tasks
requiring memory for the order of items (seriation) are described as
having a “serial component’. Irrelevant sound has been found to effect
free recall, recognition and paired-associate tasks (LeCompte, 1994).
However, participants undertaking tasks that do not directly require
seriation may still use serial rehearsal as a memory strategy (Beaman and
Jones, 1997; 1998). It has been suggested that in a free recall task, where
participants are instructed to recall the list items in any order, serial
rehearsal may be the dominant strategy adopted in free recall based tasks
(LeCompte, 1994). Thus, if the primary strategy used in such a task
involves serial recall, this would account for the observed disruption by
background irrelevant sound (c.f. Beaman and Jones, 1997, 1998;
LeCompte, 1994). It follows that the disruptive effect of irrelevant sound
in free recall is on order as opposed to item errors (Beaman and Jones,

1997).

In a recognition task, participants were presented with a list of
words (Beaman and Jones, 1997). After an eight second delay
participants were given two words, one which was from the list and one
which was not. Participants had to report which word had featured in
the stimulus list. Half the participants had to engage in articulatory
suppression by repeating aloud the alphabetical sequence of A-G during
list presentation and at recall. Articulatory suppression was used to
attenuate the reliance on serial rehearsal at recall. It is argued that the
articulatory loop, a component of the working memory model (WMM) is
used by participants to subvocally rehearse the presentation order of
items (Salamé and Baddeley, 1982). The other half of the participants did
not perform articulatory suppression. The performance of participants

who engaged in articulatory suppression was improved in the presence
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of irrelevant sound, whereas the performance of those who did not was

disrupted, though not reliably (Beaman and Jones, 1997).

In a paired associate task lists of pairs of words are presented.
After each list, the left word from one of the pairs is presented and
participants are asked to report the word that had been presented
alongside this cue word. As in the recognition task, half of the
participants engaged in articulatory suppression during list presentation
and the other half did not. Suppressing sub-vocal rehearsal using
articulatory suppression resulted in a non-significant effect of irrelevant
sound on the paired-associates task (Beaman and Jones, 1997). On the
basis of the above findings the effect of irrelevant sound on a recognition
and paired-associate task found by LeCompte et al (1994) can be
attributed to the predominance of rote rehearsal as a recall strategy

(Beaman and Jones, 1997).

Henson et al. (2003) distinguished between the effects of irrelevant
sound on a list probe (LP) task and an item probe (IP) task, with reference
to several computational models of verbal short-term memory (e.g.
Brown et al., 2000; Burgess and Hitch, 1999; Page and Norris, 1998).
These models suggest the existence of a ‘timing signal’ that reflects serial
order information over time and consider the coding of items and their
order to entail separate processes. The timing signal emanates from a
group of internal temporal oscillators and allows for the serial position of
items to be encoded. Patterns of errors in memory tasks requiring
phonological output, for example the recall of verbal items, can be
accounted for by the action of the oscillators during encoding and

retrieval of verbal information.

During the LP task a list of items is presented. A probe list is
subsequently presented in sequence and participants are required to state

whether it is the same or different from the original list. The probe list is
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always constructed of the same items as the original list and when it
differs this is due to a difference between the transpositions of two
contiguous items only (Henson et al., 2003). It is postulated this would
require a serial processing strategy in that participants would contrast
contiguous items in the probe against their memory of the original list. In
contrast, the IP task tests for item information as participants are
presented with a list of items, followed by the presentation of a single
probe, of which they respond by stating whether or not the probe
featured in the list (Henson et al., 2003). In both LP and IP tasks the
participant responds with a yes or no answer. Performance under the IP
task has been accounted for by direct access and how much the item
representations are subject to decay. So as to avoid the adoption of serial
rehearsal strategies and only require item information, retention intervals
were short and items were presented rapidly. It was argued that the LP
task rather than the IP task would involve a timing signal, and thus any
characteristic of irrelevant sound (which has a temporal component) that
moderated the timing signal would affect the LP task more than the IP
task. It was observed that performance was reduced under both LP and
IP tasks, but the affect on performance was greater for the LP than the IP
task (Henson et al., 2003). This is congruent with previous studies
indicating tasks that require the adoption of serial rehearsal and thus
maintain serial order to be particularly susceptible to disruption by

irrelevant sound (Beaman and Jones, 1997; Salamé and Baddeley, 1990).

For the LP task, half of the probe lists were positive and the other
half were negative. A positive probe was a probe list that matched the
experimental list in order. Negative probes were probe lists that did not
match the order of the original list. The errors induced in the presence of
irrelevant speech were mainly associated with positive probes. It was
assumed processing the irrelevant sound increased transpositions in the
order of items in STM, leading to participants making incorrect no

responses to list probes that actually were identical to the original list.
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For this reason, fewer errors, inconsistent with item transposition, were
made for responses to negative probe lists (Henson et al., 2003). Reaction
Time (RT) as a function of the serial position of probes measured the
degree of serial rehearsal, if adopted, in each task. The reaction time
function observed for the IP task was indicative of varying amounts of
decay occurring for each item, as opposed to serial scanning (see McElree
and Dosher, 1989). The shape of the function for the LP task
corresponded to an increase in reaction time over serial position of items
in the probe list. This resembled the rate of sub-vocal rehearsal observed
for familiar monosyllables (e.g. Baddeley, 1986) and is evidence that LP

makes use of a serial rehearsal strategy.

Phonological similarity was manipulated in the probe lists. For
the LP tasks a phonologically confusable probe was one where the
adjacent transposed letters were phonologically similar. For the IP task,
however, a phonologically confusable probe was where at least one of the
items in the original list was phonologically similar to the probe item.
Performance under both tasks was impaired when probes were
phonologically confusable, which is evidence that both tasks had
accessed phonological STM (Henson et al., 2003).

Interestingly there was an effect of irrelevant speech on the IP task.
Henson et al (2003) suggest that this may be due to the unattended
speech having different interfering effects. As the IP task was affected as
well as the LP tasks, this may be because of a general distraction of
attention by the irrelevant sounds as well as unattended sound having a
more specific effect on seriation processes that only affects the LP task.
This assumption would be compatible with Cowan’s (1995) integrated
model of attention and memory and Neath’s (2000) use of the feature
model, which both propose that all tasks requiring attention and memory

are susceptible to the detrimental effect of irrelevant sounds.
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1.10 THE ORGANISATION OF AUDITORY OBJECTS:
STREAMING EFFECTS

The role of seriation in the perceptual organisation of sound
becomes clearer when the findings of studies into the organisation of
sound are considered. Auditory stream segregation results in the
perceptual organisation of sounds in the environment. That is sounds
emanating from different sources are streamed apart, and form separate
streams (Bregman, 1990). The auditory scene is therefore partitioned into
relatively stable and temporally extended perceptual objects. As an
extension to partitioning the sound into separate perceptual objects, the
process of perceptual organisation of objects also incorporates the
maintenance of order in which acoustic events occur in each object. An
example of an auditory ‘object’ would be words produced by a single
speaker. It seems that perceptual streaming incorporates two concurrent
processes, one partitioning the acoustic objects (e.g. voices), and the other
maintaining the order of events within the streams produced by those
objects. Crucially, it is thought that this process of order maintenance is

performed automatically and is thus rendered obligatory (Bregman,

1990).

The link between the perceptual organisation of irrelevant sound
and the maintenance of the order of TBR items has been demonstrated
experimentally in two ways. First, the finding that when items within an
unattended auditory stream are similar and hence less distinct, the level
of interference is attenuated in a monotonic linear manner (Jones et al.,
1999) is empirically robust. However, it is misleading in that one may
assume that a sequence whose object members are highly dissimilar
would be more detrimental than a sequence which comprises indistinct
objects. Empirical data however does not support this assumption. Jones
et al (1999a) states that in contrasting the disruptive effect of a stream of

indistinct vowels, spoken in the same voice with neutral intonation with
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a stream of different musical instruments (e.g. horn, guitar, violin and
trumpet), it is the vowel sequence that is more disruptive. This could be
regarded as problematic for the ‘distinctiveness” assumption, that argues
as auditory objects become more distinct, so does memory impairment

Increase.

It is well established that changing sounds produce more
disruption than repeated sounds (e.g. Jones and Macken, 1993; Neath,
Surprenant and LeCompte, 1998). This effect can be changed, by the
perceptual organisation of sound with regard to spatial location. The
sequence of syllables ‘x, j, w’, when presented to both auditory channels
simultaneously is perceived as a fixed coherent stream, and in keeping
with the changing-state effect sequences such as this are very disruptive
of immediate serial memory. However, if each of the three syllables is
presented from a separate auditory location in space, so that the ‘x” is
presented in the left auditory channel, ’j’ in the centre of the head and the
‘w’ in the right auditory channel, then three streams are perceived, each
consisting of a repeated auditory object. Therefore, when these streams
of extended auditory objects feature as irrelevant sound, serial recall
interference is reduced (Jones and Macken, 1995b; Jones, Saint-Aubin and
Tremblay, 1999b). This reveals how auditory streaming can mediate the
disruptive potency of irrelevant sound. Thus, the link between memory
for order and dissimilarity is non-monotonic, such that as sounds elicited
by the same source, such as a voice become increasingly different,
temporal order information is improved. However, beyond a threshold
of change when the auditory items become separate objects (such as
different musical instruments) and thus form separate streams of

repeated items, order information is diminished.
Pitch is another characteristic of sound that can be manipulated so

that either one coherent changing stream or multiple steady-state streams

are perceived. If the pitch difference between successive tones or vowels
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in an irrelevant stream is increased, initially serial recall interference
increases. However, as the pitch difference exceeds the threshold of
change, which might be referred to as the binding threshold, the level of

serial recall disruption decreases (Jones et al., 1999a; Macken et al., 2003).

These findings show that small variations on an attribute shared
by sounds provide more order information than a sequence which
comprises sounds from very different sources. Order information is
produced automatically when change exists in an irrelevant auditory
stream, and this therefore conflicts with order information generated
from the sub-vocal rehearsal of TBR item lists in the serial recall task.
This is consistent with the changing-state hypothesis (CSH) which
incorporates the role of the perceptual organisation of sound in

explaining the ISE (Jones et al., 1996).

Early research has shown that individuals have great difficulty in
judging the order of attended to auditory objects if the sounds within the
auditory stream come from a variety of sources (Broadbent and
Ladefoged, 1959; Warren and Obusek, 1972; Warren, et al., 1969). For
example, participants have difficulty judging the order of a looped
sequence of four unrelated sounds (burst of white noise, a tone, a vowel
sound and a buzz), despite the fact that the sounds are unrelated and
distinct. Interestingly, memory for a sequence reveals a 50% increment in
accuracy of order judgements if the sequence features two objects that are
variations of one another and if they feature adjacent to each other within
the irrelevant sequence (e.g. white noise, a high pitched tone, a low
pitched tone, a vowel sound and a buzz). In this instance, memory for
order is good, because two of the auditory items making up the sequence
differ on an attribute shared by the tones, that being their pitch (Warren
and Obusek, 1972; Warren, et al., 1969). Although these examples of
sequential ordering are based on the retrieval of attended sounds, they

demonstrate the same non-monotonic relationship between dissimilarity
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of auditory items and seriation observed with unattended sound in the

ISE paradigm.

1.11 PRACTICAL IMPLICATIONS OF THE ISE

The rationale and generation of interest surrounding the study of
the ISE has centred on the finding that the processing of sound is
obligatory, requiring no conscious control or effort. The obligatory
processing found with unattended sound has several implications not
just theoretically, but of a practical nature. Irrelevant sound research has
many important implications for the understanding of noise interference
in a range of settings. Banbury et al (2001) point out that the number of
manual jobs has decreased as the number of jobs involving cognitive
tasks has increased, where the accuracy of short-term memory,
particularly memory for order is important. Irrelevant background
sound is an inconspicuous cost to both industry and individuals.
Irrelevant sound research can aid the development of methods of acoustic

alteration, which aim to diminish the variability of extraneous sound

(Banbury et al., 2001).

As irrelevant speech has been shown to affect a range of cognitive
tasks such as serial recall, reading comprehension and reasoning to name
a few (Beaman and Jones 1997; Oswald et al. 2000), it is reasonable to
assume that its presence in an office environment will reduce work
performance. This research has had the particular aim of looking at how

to reduce the effect of irrelevant speech on cognitive performance.

Reverberation is the product of multiple sound reflections
produced by the signal bouncing off of the surfaces of objects within a
room. It is defined as is the time taken in seconds for a sound to drop
60db below its original level before decaying (Beaman and Holt, 2007;

Perham, Banbury and Jones, in press). Single sounds come into contact
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with various surfaces which either absorb (e.g. soft ceilings) or reflect
(e.g. hard ceilings) depending on the absorption rate of its physical
properties. Auditory reflections occur on large surfaces, such as ceilings,
walls and windows. A room which causes reverberation to a higher
degree will in essence prevent the sounds from decaying and thus it
would take longer for the sounds to attenuate by 60dB. In contrast, in a
highly absorptive room, sounds drop more quickly. Soft acoustic ceilings
that are applied to offices act to attenuate reverberation and also reduce

the intensity of sound, but leaving speech comprehensible (Beaman and

Holt, 2007).

Reverberation has often been thought to be detrimental to the
working environment. This has lead to the instalment of acoustically
treated ceilings and wall panels which act to attenuate the level of
reverberation. For example, engineers have installed soft ceilings which
absorb rather than reflect sound (Beaman and Holt, 2007). However,
recent research has clearly shown that reverberation, at extremely high
levels is less disruptive than low level reverberation. Beaman and Holt
(2007) ran a serial recall experiment using a high and low level of
reverberation and a silent control as irrelevant auditory conditions.
Highly reverberated speech interfered with immediate serial memory no
more than the level of error found during the quiet control condition.
The CSH is able to account for this finding if one considers how
reverberation acts to smooth the profile of the waveform envelope,
effectively attenuating the abrupt multidimensional acoustic changes in
the speech signal. The effect of longer reverberation times on speech is
similar to that found with ‘babble’, which is where multiple speakers are
present within the irrelevant auditory stream. Jones and Macken (1995c¢)
varied the number of voices making up the babble from five to eight and
observed error rates that fell between those found for performance in
silence and performance in the presence of a single speaker. The addition

of more voices made the irrelevant sound more noise-like, arguably
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because this too acts to smooth the temporal envelope of the sound.
Babble both reduces and attenuates the peaks and troughs in the speech
signal, and therefore this reduces the number of acoustic based ‘changes-
in-state’ (Jones and Macken, 1995¢). The increase in number of voices
masks the onset and offsets of individual sound elements, which reduces

acoustic change.

However, Perham, et al (in press) argue that the high
reverberation level of 5 seconds used by Beaman and Holt (2007) is not
one which typically acts on background sound within open plan offices,
but are instead those experienced in large auditoriums and concert halls,
which is good for musical performances as it creates a richer sound, but
degrades intelligibility. Perham et al (in press) ran an experiment with
reverberation times that were more representative of an office
environment. The experiment consisted of a high, low and no
reverberation condition and a quiet control. The primary memory task
was the typical immediate serial recall task. The high reverberation
condition consisted of the multiple reflections of a speech signal
mimicking that produced by bouncing off a hard ceiling. The
reverberation time for the high level condition was at 0.95 and 0.75 for the
low reverberation condition, which as Perham et al (in press) argue, are
more representative of the typical office reverberation time of between
0.45-1 seconds. In contrast, multiple echoes of a signal produced in the
presence of a soft ceiling were used to reflect low reverberation levels for
the low reverberation condition. It was found that there was no
difference in performance between low (soft ceiling) and high (hard
ceiling) reverberation conditions (Perham et al., in press). This
demonstrates that soft ceilings which contain sound absorptive materials
that reduce reverberation time do not act to reduce the deleterious effects
of irrelevant sound to a reliable degree in comparison to hard reflective

ceilings. Instead, both reverberation times disrupted memory relative to
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a silent control, revealing reverberation times were not long enough to

attenuate disruption.

The use of automated systems in aviation has also increased the
amount of cognitive tasks the pilot has to engage in. These automated
systems have increased the amount of irrelevant sound in the cockpit by
these systems outputting auditory messages. Research evidence indicates
the importance of seriation in a pilot’s ability to sustain adequate
situation awareness of the aircraft systems, with regards to both the

prediction of future systems states and immediate comprehension of

situation (Endsley, 1995).
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CHAPTER 2

2 LITERATURE REVIEW: THE EFFECT OF SPEECH AND
NON-SPEECH SOUNDS

21 INTRODUCTION

Empirical findings relating to the processing of unattended sound
is reviewed in this chapter. As this thesis looks at which characteristic(s)
of the speech signal can explain its greater disruption of serial recall in
comparison to non-speech (e.g. LeCompte et al., 1997 and Tremblay et al.,
2000), the literature that looks at the effect of speech and non-speech on
serial recall will be discussed. Sounds within the irrelevant stream have
been manipulated in various ways. For example, both speech and non-
speech has been degraded systematically and the effect of degradation on
the level of serial recall interference will be examined. The characteristics
of irrelevant sounds that have been manipulated, such as the phonemes
that change within a sequence of speech sounds to determine their
relative disruptive power will also be discussed. The chapter closes with
a statement of the aims of the present research and predictions generated

by existing hypotheses.

2.2 HEMISPHERIC PROCESSING OF UNATTENDED AND
ATTENDED SOUND

Long-standing accounts regarding the processing of attended
auditory information converge on making a distinction between speech
and non-speech and the role of the left and right cerebral hemispheres
The majority of the literature concerning the hemispheric location of

mental functions (e.g., Kimura, 1961a; 1961b) refers to the speech
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dominant left hemisphere and the non-speech dominant right

hemisphere.

Kimura’s research has been used as a theoretical framework to
investigate the existence of a distinct processing mechanism for
unattended sound. Kimura (1961a; 1961b) conducted dichotic listening
tasks and showed that the majority of right-handed participants were
able to shadow or identify verbal material which was presented to the
right ear more accurately than when the same stimuli were presented to
the left ear. Kimura referred to this observation as the right ear
advantage (REA). The finding that performance is more accurate or
faster for verbal information presented to the right auditory channel than
it is when presented to the left auditory channel is argued to indicate
functional asymmetry, in this case demonstrating specialisation of the left
hemisphere for language processing (Voyer and Flight, 2001). The REA
indicates stronger transfer of auditory information to the contralateral
hemisphere. This shows that contralateral as opposed to ipsilateral
connections are stronger (Voyer and Flight, 2001). Evidence
demonstrating this functional distinction comes from other sources
including behavioural studies using brain damaged patients which have
identified a clear functional dichotomy between the two cerebral

hemispheres (e.g., Baum, Pell, Leonard, and Gordon, 1997).

Other studies focusing on the processing of sound have also
provided evidence for contralateral activation during monaural auditory
presentation. This has been observed when Consonant-Vowel-
Consonant (CVC) syllables and tones have been presented monoaurally
(to one ear only, e.g. the right ear) (Jancke, Wustenberg, Schulze, and
Heinze, 2002). This research also supports the idea that sound presented
monaurally activates the contralateral hemisphere faster and more
efficiently than when auditory information is presented binaurally (e.g.

Hirano et al., 1997; Jancke et al., 2002). The contralateral direction of
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processing for auditory information is further made stronger because
ipsilateral routes are suppressed, or access to them is prevented by the
presence of contralateral auditory stimuli. Verbal information played to
the left ear, which is processed by the right hemisphere is routed to the
left hemisphere to be sufficiently processed. However, this route is

suppressed by concurrent verbal stimuli received at the right ear

(Beaman et al., 2007)

In contrast, Voyer and Flight (2001) put forward an alternative
account of the processing of sound, which argued that attentional factors,
due to individual predispositions, act to bias or attenuate the occurrence
of the REA in dichotic listening tasks. It is also known that when the
right ear is stimulated by verbal information, the processing regions of
the left hemisphere are activated, which then prime this speech-dominant
hemisphere to receive more information from auditory space. In turn,
the increased activation of the left hemisphere increases the participant’s
awareness of the right side of both visual and auditory space, and thus

results in more accurate reports of items presented to this side.

Data from imaging studies indicate verbal STM to be
predominately localised in the left hemisphere (Baddeley, 2003; Henson
et al., 2000; Logie et al., 2003; Paulesu et al, 1993). For example, Paulesu et
al (1993) found neural correlates of the verbal mechanisms of Baddeley’s
working memory model in the left inferior parietal cortex, the left
premotor cortex and the right cerebellum regions. In addition, Hickok
and Buchsbaum (2001) have argued for the involvement of temporal lobe
speech perception systems in verbal working memory. On the basis of
this evidence it was originally assumed that if irrelevant speech was
presented to the right ear only this would be afforded direct and
obligatory processing by verbal STM. Further to this, irrelevant speech
presented to the left ear only may follow a weaker transfer route to gain

access to the left hemisphere and would disrupt memory less. This is

60



said to be due to suppressed or blocked ipsilateral connections between

the left hemisphere and left ear (Haddlington, Bridges and Darby, 2004).

The CSH (Jones et al, 1996) argues that it is the time-varying
acoustic makeup of the irrelevant sound, as opposed to its nature, which
is the basis of the interference seen in the ISE. In view of the literature on
the behavioural affects of unattended sound in dichotic listening tasks, if
speech holds special status in the ISE paradigm, irrelevant sound
presented to the right ear and thus processed in the left hemisphere
should produce a larger ISE. Hadlington, et al. (2004) and Hadlington,
Bridges and Beaman (2006) investigated whether the sound’s physical
composition as opposed to its nature is an essential element, as assumed
by the CSH in determining obligatory processing. If this were the case
sound would be processed more efficiently in the right as opposed to the
left cerebral hemisphere. This assumption is based on the right
hemisphere specialisation for the processing of the structural
characteristics of sounds (e.g. Kimura, 1961a, 1961b). Hadlington et al
(2004) and Hadlington et al (2006) observed a left ear disadvantage (LED)
for the processing of irrelevant sound. A speech sequence made from the
letters B/I/J/N/Z and a sequence of tones differing in pitch played to the
left ear produced more immediate memory interference than when these
sequences were presented to the right ear. This effect was demonstrated
using a mental arithmetic task and a serial recall task. An LED was not
found, however with steady-state unattended sounds (Haddlington et al.
2006). These results provide further support for the main assumption of
the CSH, that it is not the nature of the sound but the changeable acoustic
structure of the sound that is the critical determinant of the interference
seen in the irrelevant sound effect (Jones and Macken, 1993, and Jones et
al, 2000). Also, an LED contradicts the hypotheses derived from the
dichotic listening and imaging literature, detecting a left hemisphere
specialisation for both speech processing and verbal working memory.

Beaman et al (2007) infer that this is further support for the notion that
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unattended sound in dichotic listening situations is processed differently
from unattended sound in the ISE paradigm. In addition, all sounds
presented to the left ear only produced more interference than sounds
presented to both ears. One inference was that processing of sound in the
right hemisphere is modulated when both hemispheres receive the same

input (Beaman et al., 2007).

Hadlington et al’s (2004; 2006) demonstration of a LED for the
processing of irrelevant sound is in line with the original notion that
irrelevant sound may have a fundamental area of disruption located in
the right hemisphere, or certainly may have some of its direct pre-
attentive processing occurring within the right hemisphere. According to
the assumptions of the CSH, this would be perceptual attributes related
to the prosodic, spectral and temporal form of the sounds presented (e.g.,
Jones et al., 1999a; Jones et al., 2000). The greater disruption of memory
for order that is observed when irrelevant sound is presented to the left
ear can be accounted for by previous theoretical ideas concerning the ISE
and the functional specialisation with respect to different processing
preferences of each cerebral hemisphere. The findings of Hadlington et al
(2004; 2006), provide support for the suggestion that the right hemisphere
is specialised for processing stimuli in a non-relational or holistic way.
Taking this evidence along with the assumption that the content of
irrelevant sound is not processed (e.g. Buchner, Irmen, and Erdfelder,
1996; Jones and Macken, 1995a) and the finding of a LED for the
presentation of both speech and non-speech sounds is particularly
damaging for the PSH (Salamé and Baddeley, 1982; 1989) which describes
interference as resulting from phonological confusions within STM. Also,
these observations do not fit with the original prediction that because the
left hemisphere is specialised for processing speech and maintains the

neural correlates of working memory function, a right ear disadvantage

would be observed.
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Imaging studies have used positron emission tomography (PET) to
investigate the location of the ISE (Gisselgard et al., 2003; 2004).
Gisselgard et al.’s (2003) study featured visual TBR items presented
concurrently with irrelevant speech. The baseline for a comparison of
performance with serial recall was a digit repetition task. When neural
activity in the speech conditions was contrasted with that occurring
under a silent control, high activation was observed bilaterally in the
superior temporal region. Changing versus steady-state (sequences of
identical sounds) speech comparisons demonstrated a significant
decrement in activation in the left superior temporal cortex and a weaker
but still significant decrement in the left inferior parietal cortex, bilateral
secondary auditory and inferior /middle fontal areas. These observed
reductions in activation during the serial recall task were related to the
effect of ‘changing-state’ irrelevant speech and are consistent with
Hadlington et al’s. (2004; 2006) data indicating a right hemisphere
preference for processing unattended speech in the ISE. Gisselgard et al.
(2003) observed the decrement in levels of activation was greater in the
left than in the right superior temporal area. They also assumed that the
little activation apparent in the left parietal cortex in serial recall
compared with that seen during the digit repetition may be linked to an

overall inhibitory effect of varying irrelevant speech (Gisselgard, 2003).

The neural processing of unattended speech has been easier to
decipher using PET studies regarding speech perception in the presence
of irrelevant competing speech, because only the processing of two types
of sound is examined. The advantage of this is neural activity is not
confounded by memory based tasks (e.g. Gisselgard et al., 2003; 2004).
These studies provide data that convey no evidence upon which to
conclude that the neural processing mechanisms devoted to attended
speech would differ from those analysing and processing unattended
speech (e.g. Narain et al., 2003; Scott et al., 2000). In contrast, the right

superior temporal lobe is activated in the presence of sounds
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demonstrating dynamic pitch changes, independent of intelligibility

(Patterson et al., 2002; Scott et al., 2000; Zatorre et al., 1992). Ifitis the
dynamic pitch changes processed in acoustically changeable irrelevant
sounds then this would provide a framework within which the critical

assumption of the CSH can be explained.

2.3 THEIMPORTANCE OF DYNAMIC PITCH VARIATION

Speech demonstrating sufficient change between adjacent items
results in the ISE whether or not speech is intelligible (Tremblay et al.,
2000). Thus the appearance of the ISE is independent of an effect of
intelligibility. Changing-state sounds convey abrupt and variable pitch
changes which steady-state (repeated) sounds do not. The largest ISE is
produced through the presentation of sound at the left ear. In terms of
speech perception, analysis of speech varying in pitch is observed
through the activation of the right superior temporal gyrus (STG). Scott
et al. (2004) examined whether or not the above finding for speech
processed in the focus of attention matched that of unattended speech.
Listeners had to shadow a female speaker in the presence of either a male
speaker or continuous noise. When neural activity whilst listening to
speech in the presence of unattended speech was examined much
bilateral activity was observed, compared to neural activity elicited when
listening to speech in the presence of unattended continuous noise. The
bilateral activation observed by Scott et al.’s (2004) supports the findings
of Gisselgard et al. (2003; 2004) who compared neural activity in
changing-state and steady-state (repeated) speech conditions with a silent
condition, even though the cerebral activity observed by Gisselgard et al.
(2003; 2004) was confounded by additional neuronal excitation by a digit
serial recall task. The bilateral activity found by Scott et al.’s (2004) could

have been the product of the semantic analysis of the unattended speech

or its acoustic analysis.
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Scott et al (submitted, cited in Beaman et al., 2007) examined the
processing of lexical-semantic characteristics relative to the acoustic
processing of unattended speech masking the to-be-attended speech.
This was conducted to investigate whether or not the findings above
were in some way dependent on the masking stimulus chosen. Here the
to-be-attended speech (female speaker) was presented simultaneously
with three different types of unattended masking stimuli. These were
speech (male speaker), spectrally rotated speech (male speaker) generated
using a spectral inversion technique (Blesser, 1972) or unattended signal
correlated noise (SCN) versions of the speech spoken by a male speaker.
All versions of the unattended sounds were amplitude modulated, so
that periods of silence appeared for all unattended auditory sequences.
Therefore, in all conditions, silent gaps would afford glances at the
unattended sounds, which was not possible for the SCN condition in
Scott et al’s (submitted, cited in Beaman et al., 2007) study. Spectrally
rotated speech acted as the baseline for a more precise investigation of
how attended and unattended sound is differentially processed by the
auditory system. The signal inversion (rotation) transformation maintains
the spectral and temporal structure of the speech signal whilst rendering
it unintelligible (Narain et al., 2003; Scott et al., 2000). Figures 3a and 3b
display the spectrograms for the untransformed and spectrally rotated
versions of the non-word /lowch/ (16J) as an example (see appendix 5

for examples of disc phonetic symbols).

65






in the presence of unattended speech relative to speech in the presence of
unattended SCN led to bilateral activity in the STG. This shows that
unattended speech was subject to more analysis than unattended SCN.
When neural activation in the presence of unattended spectrally-rotated
speech relative to unattended SCN was examined most activation was in
the right STG. This supports Hadlington et al.’s (2004; 2006) data, where
an LED was documented, indicating greater processing of unattended
sound in the right hemisphere. This comparison also directly
demonstrates the neural processing applied to irrelevant spectrally-
rotated speech with pitch changes is equivalent to irrelevant
untransformed speech (Beaman et al., 2007). Therefore, right hemisphere
processing of pitch variation must be related to the ISE. Irrelevant
spectrally-rotated speech which is unintelligible, but conveys the same
pitch variation as untransformed speech is processed in the right
hemisphere. This is evidence that processing of unattended speech
occurs solely at an acoustic level and is based on the analysis of pitch
variation, as opposed to analysis being at a lexical-semantic level (Scott et
al., submitted, cited in Beaman et al., 2007). Beaman et al (2007) argue that
changes in pitch analysed by the right hemisphere represent the
changing-state characteristics of unattended sound that result in the LED

in the ISE (Hadlington et al., 2004; 2006).

2.4 IRRELEVANT SPEECH AND NON-SPEECH IN THE ISE

Jones and Macken (1993) directly compared the disruptive effect of
speech and non-speech stimuli. In their second experiment they
presented quiet, irrelevant pitch varied tones or irrelevant speech (i.e.,
random sequences of the four syllables (C, H, ], and U) while participants
saw and then recalled a series of letters in serial order. Relative to the
quiet condition, the presentation of both the irrelevant tones and
irrelevant speech substantially impaired recall performance.

Furthermore, there was no significant difference between the effect of
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speech and tones. As an extension to this test, Jones and Macken (1993)
compared the same four tones with the utterance “ah” spoken at four
different pitches. The results were consistent with their previous
experiment. It was concluded that speech is not critical to producing the
irrelevant sound effect and that speech and non-speech equally impair
recall of visually presented stimuli. This supports the CSH notion that
tones and speech are coded in the same way and are therefore equally
capable of disrupting serial recall. Even when a syllable is repeated,
changes in pitch are sufficient to cause changing-state effects. Jones and
Macken (1993) challenge the differentiation between speech and non-
speech (tones) suggested by the PSH. Furthermore, the evidence that a

sequence of tones impairs recall is evidence against a speech-based store

(Jones and Macken, 1993).

The suggestion that speech and non-speech stimuli have
equivalent affects on primary memory is not compatible with data on the
suffix effect. The suffix effect refers to the finding that when a redundant
item, such as the word ‘go’ (stimulus suffix) is presented at the end of an
auditory list, recall of the final list item is significantly attenuated
(Surprenant, LeCompte and Neath, 2000). A speech suffix impairs recall
more than does a non-speech suffix (e.g., LeCompte and Watkins, 1995;
Neath, Surprenant and Crowder, 1993). For example, Neath et al (1993)
manipulated whether or not a speech suffix was heard as speech or non-
speech. The sound “’ba’ could be perceived as spoken by the speaker
who read the auditory list preceding the suffix or as a sound produced by
a sheep. The “’ba’’ sound was presented along with other lists that did
feature real animal sounds. When “’ba’” was interpreted as speech, recall
of the final item was dramatically reduced relative to when “’ba’” was
interpreted as an animal sound. The proposition that speech and non-
speech stimuli affect memory to the same degree is also inconsistent with
primary memory findings outside the suffix effect. For example,

LeCompte and Watkins (1993) observed that speech tokens (e.g., spoken
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words whistle, bugle, and lorn) were recalled at nearly twice the rate of

non-speech tokens (e.g., sounds of the above words).

LeCompte et al (1997) questioned the findings of Jones and
Macken (1993). First, in Jones and Macken’s (1993) manipulation, the
irrelevant speech sequence consisted only of the utterance “ah” at four
different pitches. It has been shown that when a sequence of background
speech consists of phonologically similar items, the degree of the
disruption produced by irrelevant speech is greatly diminished relative
to phonologically dissimilar irrelevant speech. Thus, the repetition of a
single syllable, even at different pitches, may have resulted in a weak
irrelevant speech effect. Furthermore, the participants may not have
interpreted the sound ‘ali” at four different pitches as speech (LeCompte
et al., 1997). LeCompte et al. (1997) also suggest that Jones and Macken'’s
(1993) use of a small participant sample may account for their failure to
observe a difference between the effect of speech and tones due to low

statistical power and so they used a larger sample of participants.

The results of LeCompte et al. (1997) had higher statistical power.
Contrary to the results of Jones and Macken (1993), LeCompte et al.
(1997) found that an irrelevant sound background consisting of a series of
four frequency-changing tones caused less impairment than a random
arrangement of the words, ‘hey’, “‘you’, ‘me’, and ‘'no’. Likewise, it was
demonstrated that meaningful speech impaired recall more than did
tones or nonsense syllables. They went on to show that meaningless
speech (reversed speech) disrupted recall more than did tones, which
further emphasises that the critical factor in this speech/non-speech
distinction cannot be the semantic content of the words. These findings

led these authors to suggest a special role for speech in the ISE.

Investigation of the auditory stimuli used by Jones and Macken

(1993) and LeCompte et al. (1997) suggests an alternative account of the
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differential findings obtained is an account that is in line with the CSH.
The words that LeCompte et al. (1997) presented vary in timbre,
frequency, envelope characteristics, such as attack (rise time) and decay,
and spectral complexity. This contrasts with the tones used by Jones and
Macken (1993) that changed in frequency only. In particular the words
were dissimilar (non-rhyming), began with different consonant sounds
and within the theoretical framework of the CSH demonstrate a higher
degree of change than the stream of tones. In contrast, the nonsense
syllables were relatively acoustically similar to each other. This
assumption can account for the equivalent impairment produced by
nonsense syllables and tones (LeCompte et al., 1997). Therefore, the
finding that a series of frequency-changing tones impaired serial recall as

much as did a series made of four phonologically similar vowels is

consistent with the CSH (c.f. Jones and Macken, 1993).

Jones and Macken (1993) and LeCompte et al. (1997) used small
stimulus samples (4 items per condition) in their experimental series.
Clark (1973) have argued that treating linguistic variables such as words
as having fixed effects in analysis of variance is fallacious. Clark (1973)
suggest that any effect may be due to attributes of the words used (such
as age of acquisition (AOA), frequency, etc) and this must be taken into
account, as well as the variability of participant’s responses. This means
one cannot assume the difference between speech and tones observed by
LeCompte et al. (1997) generalises to other stimuli, since the words
chosen for the speech conditions were selected from a wider population.
Thus Clark (1973) would argue the finding that words disrupt serial
recall more than frequency-changing tones (c.f. LeCompte et al., 1997) is
not a fixed effect but a random effect. It follows that if another sample of
words were chosen, it could be the case that a difference between speech
and tones would no longer be observed. However, contrary to Clark’s
(1973) suggestions, robust irrelevant sound effects have been shown with

various sounds in the irrelevant stream, including different words (c.f.
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Jones et al., 2000 and Tremblay et al., 2000) and non-speech (c.f. Jones and
Macken, 1993; Jones et al., 2000 and Tremblay et al., 2000). The literature
shows that the irrelevant sound effect does not depend on the words in
the irrelevant stream at all; rather, it is the identification of the items in

the irrelevant stream as speech that determines the size of the ISE.

The comparison of two different types of background sound,
which change along different physical characteristics emphasises a
critical weakness in the CSH. It is not clear whether a prediction of
distinct variation along one physical attribute between the repeated
components of one stream will result in more or less robust connections,
than a stream that varies across a number of dimensions (Divin et al.,
2001). Furthermore, LeCompte et al’s (1997) research was a direct
replication of Jones and Macken (1993). However, the findings revealed
that a sequence of changing consonants caused more impairment than
four frequency varying tones. It could be argued that the mismatch
between a series of consonants occurs along more physical dimensions
than do the tones, which change only in frequency. Therefore, a sequence
of changing consonants may have been more disruptive than a sequence

of tones changing in frequency only because they vary more acoustically.

The disruption of serial recall of graphically presented items by
tones of different frequencies that contain no phonological information
has been extended to lip-reading (Divin et al., 2001). This finding
provides further evidence against encoding occurring on a phonological
basis, but supports the CSH. First, the CSH predicts that tones will
impair recall performance. Second the two devices suggested by the PSH
do not fit with current data. The filter hypothesis of the PSH could
explain why tones enter the store since they may be viewed as not noise,
but that disruption within the store would occur due to phonological
similarity is not consistent with empirical evidence (Jones and Macken,

1995a). Likewise, a speech detector may allow tones entry on the basis of
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some physical attribute that renders them speech-like. However, an
additional non-speech store would be required (Salamé and Baddeley,
1989). Therefore, only the CSH predicts the pattern of impairment, as the
only way in which the PSH could account for the data is if tones are
recoded phonologically, which is highly implausible or that the
underlying representations are not phonological. Divin et al. (2001)
found a significant interaction between the two background sound
conditions of speech and tones at the last two serial positions. Although
small, this difference is not consistent with Jones and Macken’s (1993)
assumption that speech and tones produce equivalent impairment.
However, a critical difference between this study and previous research

is that lip-read digits were presented, thus suffix interference needs to be

considered (Divin et al., 2001).

It has been suggested that the enhanced recency effect of lip-read
and auditory lists is due to phonetic or speech processes occurring in a
module peripheral to working memory (c.f. Frankish, 1996). Therefore,
even if speech and tones have equivalent memorial effects, differences
may occur because the irrelevant speech items, not the tones, enter this
speech module. The finding that tones impair recall is incompatible with
the assumption that the short-term storage system is speech-based, as can

be inferred by the access given to tones.

Tremblay, Macken and Jones (2001) investigated whether the
disruptive effect seen at low levels with periodic sounds (speech/tones)
can be demonstrated with aperiodic sounds. When irrelevant sound
consisted of broadband noise, in which the centre frequency changed
with each noise burst, serial recall was substantially impaired. In
contrast, a stream of irrelevant sound in which the same band-pass noise
burst was repeated did not cause significant disruption. Furthermore,
serial recall for both visual-verbal and visual-spatial items was

susceptible to the increase in interference caused by changing irrelevant
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noise. These findings demonstrate a changing-state effect, showing that
sounds that are mainly aperiodic can cause significant impairment of
serial recall similar to that caused by the presentation of periodic sounds.
These results challenge the idea of a memory system limited to the
storage of periodic sound information. This system proposes that a filter
allows access of tonal items rendering aperiodic sounds, for example
noise to be excluded (Salamé and Baddeley, 1989). This study provides
further evidence against the phonological store explanation and the
feature model that are derived from the assumption that similarity of
identity is a primary factor, as no content is shared between the irrelevant
noise bursts and either the visual spatial or visual-verbal to-be-recalled

stimuli (Tremblay et al., 2001).

2.5 EFFECT OF DEGRADATION ON IRRELEVANT SOUND

Several studies have degraded stimuli by gradually reducing the
amount of variation within the irrelevant stream. For example,
Ellermeier and Hellbriick (1998) investigated changes in the signal-to-
noise ratio (SNR) of the irrelevant sequence, where the degree of change
was manipulated by adding more or less uniform pink noise to a speech
sequence. The speech sequence consisted of a 15-min recording of a
Japanese male speaker reading a text. The participants did not
understand Japanese. The findings were consistent with the CSH as
when the SNR became smaller, the degree of interference was reduced
and thus a monotonic relationship was found between degradation and
memory disruption. Further analyses revealed that speech mixed with a
low level of noise produced an ISE that was statistically equivalent to that
found when only speech was present. Both speech alone and speech with
low level noise produced more interference relative to speech mixed with
noise at a lower SNR and the control conditions of pink noise alone and
silence. When speech was mixed with noise at a lower SNR the

detectability of speech was at the absolute hearing threshold and the
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degree of acoustic change within the speech signal is reduced

dramatically compared with speech mixed with low level noise.

The linear decrement in serial recall performance found with
speech degraded by the addition of different levels of pink noise has also
been observed with non-speech stimuli. In an experiment conducted by
Ellermeier and Wolski (1998, cited in Ellermeier and Hellbriick, 1998)
Japanese speech sounds used by Ellermeier and Hellbriick (1998) were
replaced by sinusoidally frequency-modulated (FM) tones. The same
linear decrement in level of disruption was found as different levels of

pink uniform noise were mixed with the tonal signal.

It can be assumed that sequences of noise-masked stimuli have
less prominent acoustic features, and therefore the degree of variation is
reduced gradually as the signal-to-noise ratio is reduced. Therefore,
some of the items would be more susceptible to masking than others,
resulting in the signal-to-noise ratio being reduced. These tokens would
be reduced to a level below audibility within the noise, which would
result in fewer tokens being perceived. Therefore, adding noise reduces

the number of tokens rather than the relative degree of change.

Jones et al. (2000) demonstrate a clear relationship between the
degree of change within the irrelevant sequence and interference. This
was found by degrading a stream of words spoken by the same voice by
low-pass filtering. The rate of roll-off of the filter was manipulated,
which acted to progressively attenuate the frequencies above the
fundamental. The sound was never totally obliterated and therefore, the
token dose remained constant at all degrees of roll-off. To-be-recalled
lists consisted of the random arrangement of nine letters. As the degree
of filtering was increased more acoustic attributes of the sound stream
were removed. That is the difference between irrelevant sounds would

be reduced. Eventually the stream heard was not intelligible. As the
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degree of filtering was increased, there was a monotonic improvement in
performance. This reveals the continuous nature of changing-state
stimuli, as there was no evidence of a threshold above which disruption
was more pronounced. These results are consistent with the notion that
the ISE is not determined by the phonological identity of the sounds. If
the occurrence of the ISE was dependent on the phonological identity of
the sounds, a discontinuous function would have been observed in the
relationship between the level of stimulus degradation and the level of
memory interference. In other words, the observed linear pattern of
interference indicates that a particular level of signal degradation did not

have to be reached to obtain an ISE.

Jones et al (2000) point out that the low-pass filtering technique is
problematic. First, it is difficult to apply when contrasting stimuli that
differ in complexity. For example, when contrasting the effects of
degradation of a speech sequence with that of a sequence of instrumental
tones, substantially different degrees of roll-off for each auditory
sequence would have to be applied. This is because the distribution of
energy across the auditory spectrum is narrower in a typical musical
instrument. Auditory stimuli would need to have the same fundamental
frequency, which would not be the case when contrasting speech and
non-speech (e.g. tones). Different ranges of levels of roll-off may not
produce the same effects with each stimulus (Jones et al., 2000). Jones et
al. (2000) responded to these disadvantages by using a common metric.
Digital signal processing was used to digitally sample speech and cello
notes. The polarity of each of the sample points making up the stimulus
was reversed with a certain probability. By systematically changing the
likelihood of reversal a range of degraded speech and cello notes were
generated and at one point the stimuli consisted of amplitude-modulated
noise. A linear effect was observed; as the stimulus degradation was
reduced, disruption of memory by background sound increased. This

finding replicates the linear relationship observed between degradation
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and serial recall disruption when irrelevant speech sounds were
progressively low-pass filtered. It also provides further evidence
supporting the notion that categorical processing of lexical, sub-lexical
and phonological items cannot explain the ISE due to there being no
discontinuity in the effect of degradation on disruption when changing
speech sounds form the irrelevant stream. These findings are consistent
with the notion that the ISE is not a function of the semantic, lexical or

phonological identity of the sounds.

Further evidence in support of the claim that irrelevant speech and
non-speech differ in their effect on serial memory is provided by the
finding that fully degraded speech was more disruptive than fully
degraded cello notes. One explanation is that fully degraded speech
tokens still have some spectral changes from item-to-item because of
different amplitude envelopes associated with the different speech
tokens. Although levels of performance differed for speech and cello
notes, a linear relationship between degradation and disruption was
observed for both classes of sound. That is, as speech sounds and cello
notes are disrupted, memory disruption is reduced. This is evidence that
although speech is found to be more disruptive of serial recall (e.g.
LeCompte et al., 1997; Jones et al., 2000 and Tremblay et al., 2000) speech
and non-speech are functionally similar in producing disruption of serial
recall. Other evidence for the functional equivalence of speech and non-
speech is the fact that the same relationship between token-set size and
disruption is found for speech and non-speech (Tremblay and Jones,

1998).

The evidence that speech holds no special status within the ISE
paradigm matches the predictions of the CSH. Rather, perceptual
variations between distinct and segmentable auditory items are crucial
for the appearance of the ISE. It can be assumed that the effect of
degrading the sounds within a stream, either by lowering the SNR or
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reversing the polarity of sample points at varying degrees, acts to remove
the time-varying features of the sound. This is argued to be the basis for
the removal of the ISE as opposed to a loss in segmentation of the
auditory items. A loss of segmentation account is refuted by the finding
of an ISE in the presence of a continuous sequence of vowels, linked by

smooth formant transitions, where no pauses featured in the signal.

One generalisation that has arisen from these studies is that the
degree of change seems to determine the manner in which the brain
automatically processes information about the order of events. The
relationship between distinctiveness and memory for seriation has been
found to be non-monotonic. When sounds produced by the same objects
(e.g., a voice) become increasingly different; seriation information is
enhanced, whereas consistent with an explanation that when acoustic
change is very great, the events are streamed into separate objects, (e.g.,
different voices), seriation information is diminished (Jones et al., 1999b).
The assumption is that incoherent streams consist of unconnected
‘objects’. Therefore, although the objects are intelligible, information
about their order is relatively reduced, and so their effect on serial recall
is relatively small. For example, in contrasting the disruptive effects of
indistinct vowels produced by the same voice in a monotone with that of
a stream of different musical instruments, the vowel series is more
disruptive. Thus, it could be argued that speech may indeed be special in
some way because it produces disruption even when there are relatively
small variations within the irrelevant stream. Furthermore, modest
variations on a common fundamental produce more information about

order than do sound sequences from very different sources (Jones, 1999).

A slightly more objective approach was adopted by Tremblay et al
(2000). The disruptive effect of speech was compared with that obtained
by two sine-wave speech conditions. Sine-wave speech is an ambiguous

stimulus consisting of a number of sinusoids that resemble speech
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formant features. Sine-wave speech has been used to provide a more
objective test of the speech/non-speech distinction and the CSH. Sine-
wave stimuli exclude some of the spectro-temporal acoustic attributes of
natural speech, but maintain the global pattern of the first three formants
over time (Remez, Rubin, Pisoni and Carell, 1981; Remez and Rubin,
1990). Untrained listeners typically indicate that the sine-wave stimuli
sound like electronically generated sounds, or music, but when made
aware of the ‘speech-likeness’ of sine-wave stimuli, listeners find
intelligibility to be good even though sine-wave speech is like a sketch of
speech, with significantly less information than natural speech (Tremblay
et al., 2000). This shows how top-down knowledge processed by
experience-driven mechanisms guides and changes the perceptual
experience. One condition had participants that were trained to perceive
the sine-wave speech as speech, whereas in the other condition, listeners
were unaware of its ‘speech-likeness’ (Tremblay et al., 2000). The
findings revealed that there was no significant difference between the
two sine-wave speech conditions and that natural speech was
significantly more disruptive than either of the two sine-wave speech
conditions. This finding refutes the finding of no difference between the
magnitude of disruption produced by changing speech and frequency-
changing tones (c.f. Jones and Macken, 1993), but is consistent with
LeCompte et al’s. (1997) observation of a significant difference between

the effect of speech and tones.

Tremblay et al (2000) suggest the greater disruption of serial recall
by speech relative to sine-wave speech is due to the greater acoustic
complexity of the natural speech signal, an explanation in favour with the
CSH. More elements change between items in natural speech than in the
relatively acoustically simpler sine-wave speech. Natural speech is still
more complex than sine-wave speech and because sine-wave speech

perceived as speech is not as disruptive as natural speech, this suggests a
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distinctive perceptual attribute which is more prominent in natural

speech, such as timbre, or acoustic energy.

In addition, sine-wave stimuli heard as speech was numerically
more disruptive than sine-wave stimuli perceived as non-speech.
Tremblay et al (2000) argue that this highlights the potential for a small
role of top-down knowledge, which in this case is the awareness of the
‘speech-likeness’ of the irrelevant sound and therefore, over-learned
acoustic properties inherent within the signal. The familiarity with the
speech signal may act to mediate the power of the irrelevant sound to
disrupt immediate memory for order. Tremblay et al (2000) argue that if
top-down processing from familiar variables within speech accounted for
its greater disruptive power an observed statistical difference between
sine-wave stimuli perceived as speech and non-speech would be
expected. Several studies have reflected the importance of bottom-up
knowledge, such as primitive streaming and acoustic changes as opposed
to semantic attributes in producing memory interference (e.g. Jones and
Macken, 1995b, Jones et al., 1999a; Jones et al 1999b; Jones et al., 2000).
More specifically, top-down or context dependent processing may have a
larger role in the disruption of cognitive tasks of a higher order than
memory for order (Tremblay et al., 2000). This is evident when semantic
processes feature in a memory task, where meaning is manipulated and
affects the magnitude of the ISE. For instance, irrelevant speech
presented in a participant’s native language produces no more serial
recall disruption than irrelevant speech presented in a language that is
unfamiliar to participants (Jones et al., 1990). However, a semantic effect
is observed during a free recall task for words grouped in semantic

categories (Neely and LeCompte, 1999).
The emotional valence of distractor words has been found to

increase the effect of irrelevant speech on serial recall (Buchner et al, 2004

and Buchner et al., 2006). However, experiments that have manipulated

79



meaningfulness by, for example, comparing the disruptive effect of
irrelevant speech in the participant’s native language with a foreign
language have found no differences in serial recall disruption (e.g. Jones
et al., 1990 and Salamé and Baddeley, 1982). Experiments that have
manipulated the effect of the meaningfulness of sounds in the irrelevant
stream differ from those that have manipulated the emotional valence of
the words in the irrelevant stream. Valent words signal behavioural
demands and thus give information about the environment that needs to
be attended to (Buchner et al., 2006), whereas words that are meaningful
in the sense that they are in a participant’s native language as opposed to
a foreign language, for example, do not give such environmental

information.

If, when speech and non-speech stimuli are matched for spectral
complexity, speech disrupts serial recall more than non-speech then this
may indicate that some form of top-down processing is involved during
pre-attentive processing of irrelevant speech. The presence of
supposedly unattended sounds that are speech-like may have the
additive effect of acting to signal possible behavioural demands in the
environment, and consequently may attract attention. This seems
plausible because the effect of speech is moderated by how emotionally
valent it is, as negative words or non-words are more disruptive than
positive words, which again are more disruptive than neutral words
(Buchner et al, 2004; Buchner et al., 2006). Moreover, linguistic
knowledge of speech sounds held in long-term memory may interact
with pre-attentively processed speech sounds in STM in order to form
more stable and integral mental representations (Buchner and Erdfelder,
2005; Schweickert, 1993). If this is the case, the interaction between STM
and LTM may provide more cues to serial order, rendering speech more

disruptive than non-speech stimuli.
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Advocates of the CSH hypothesis hold that speech is more
complex than non-speech sounds such as tones due to the rapid spectral
variation in speech (e.g., Jones et al., 2000). The critical issue here is the
identity of the perceptual attribute that needs to be changed in speech,
and whether this attribute is more detailed and variable within the
speech signal. Spectral variation over time is an acoustic feature required
for speech comprehension, however, acoustically transformed speech can
be understood (e.g. Shannon, et al. 1995). This emphasises the

redundancy inherent in an untransformed clear speech signal.

2.6 THE EFFECT OF VOWEL AND CONSONANT CHANGES
IN THE IRRELEVANT STREAM

Hughes, Tremblay and Jones (2005) using Consonant-Vowel-
Consonant (CVC) syllables as irrelevant speech items investigated the
disruptive power of changes only in the final consonant, initial
consonant, or in the vowel of each item (Hughes et al., 2005). The
findings indicate that vowel changes, as opposed to consonant changes
are the dominant source of disruption, an effect referred to as the ‘vowel-
changing-state effect’. Furthermore, it was found that consonant
variations do not cause more impairment than a steady-state irrelevant
sequence and that vowels must change-in-state from token-to-token. The
observation that vowels must change from one token to the next and are
the important source of disruption is problematic for the CSH, which
claims any acoustical change between mismatching tokens should cause

more disruption than a repeating token (e.g., Jones et al., 1992).

Jones et al. (1999a) and Jones et al. (1999b) argue that the primary
variable is not any form of acoustical change, but acoustical change
carried on an attribute common to the sounds in an irrelevant stream.
The suggestion that only variations on a shared quality cause substantial

interference is plausible if it is thought of along with the phenomena of
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auditory perceptual streaming (Jones et al., 1999a; 1999b). When all the
distinct sounds in an irrelevant stream are presented to both ears a
changing-state effect is observed, as the sounds are perceived as forming
a coherent changing stream. However, when an unattended auditory
stream of changing-state items is presented, so that the different items

traverse different spatial locations, the changing-state effect is diminished

(Jones and Macken, 1995b; Jones et al., 1999b).

Research demonstrates that great difficulty arises when attempting
to identify the order of auditory objects if those objects are perceived as
originating from different auditory sources (Bregman, 1990).
Furthermore, variations between temporally successive sounds that
traverse separate perceptual streams, such as sounds presented from
widely spaced frequency bands (Jones et al., 1999a) will produce little if
any detail about serial order causing serial recall performance to remain
relatively immune to the irrelevant sounds. This is because the irrelevant
sounds would be perceived as separate streams of steady-state (repeated)
sounds. The idea that it is acoustical change occurring on a shared
fundamental that is important for the changing-state effect to occur
provides an explanation for the difference between the effects of

consonant and vowel variations.

Research on the perceptual organisation of speech has led to the
suggestion that the perceptual integration of different speech utterances
spoken by the same voice over time is based on a continuity in some
percept (e.g., timbre) shared by the periodic (voiced) vowel sounds.
However, unvoiced consonants make up the aperiodic, noisy onsets and
offsets of these periodic utterances (c.f. Bregman, 1990). Asa
consequence, it is argued that changes between mismatching vowels
produced by different vocal tract shapes which are carried on this

common attribute (e.g. fundamental frequency (f0) and formant
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structure) may elicit serial order cues and are therefore more likely to

interrupt recall than changes between consonants (Hughes et al., 2005).

A difference in spectral complexity between vowels and
consonants may account for the vowel-changing-state effect (Hughes et
al., 2005). The assumption that vowel changes are an important factor in
producing a changing-state effect because vowel changes are more likely
to provide serial order cues is further supported by research investigating
the serial recall of items which feature changes in consonants only. A
variety of experiments have demonstrated that vowel-only-changing
items are better recalled in order than consonant-only-changing tokens
(e.g., Surprenant and Neath, 1996). One indirect inference that has been
drawn from these findings is that attended-to items that can be easily
recalled in serial order are more likely to be more disruptive when
implemented as irrelevant sound (Hughes et al., 2005). This indirect
assumption is in line with the disruption by seriation processes account

of the ISE (e.g., Jones et al., 2000).

In the light of the contradictory evidence in regard to the
speech/non-speech distinction it is argued that in acoustic terms even
simple speech sounds are typically more complex than non-speech
sounds. Jones et al (2000) demonstrated a linear relationship between
degree of change within the sound sequence and its disruptive potency
for speech and non-speech. However, the exact mechanism of this effect
is not clearly defined and few studies make a direct comparison of the
interference caused by speech versus non-speech. Moreover, there has
been almost no systematic investigation of the possible significance of
acoustic cues distinguishing speech and non-speech sounds. What
studies have done is systematically degraded natural speech and non-
speech (e.g. cello notes) stimuli by various degrees, and compared the

relationship between degradation and serial recall interference for both
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classes of stimuli (e.g. Jones et al., 2000). However, research has not
degraded speech in order to examine what feature or features within its

signal render it more disruptive than non-speech sounds.

2.7 AIMS OF PRESENT RESEARCH AND PREDICTIONS BY
EXISTING HYPOTHESES

The present experimental series looks at which characteristic or
characteristics of speech accounts for its ability to disrupt serial recall
more than non-speech. Irrelevant speech will be degraded and distorted
in order to manipulate its ‘speech-likeness’ in ways that allow systematic
control of phonemic content and changing-state acoustic cues in speech.
This will enable the investigation into what attribute(s) inherent within
the speech signal is responsible for its ability to disrupt memory more
than non-speech stimuli (c.f. Jones et al., 2000; LeCompte et al., 1997 and
Tremblay et al., 2000). By investigating the attribute(s) in speech which is
responsible for its disruptive power and then contrasting the effect of
speech and non-speech on memory, the research aims to evaluate the
explanatory power of the changing-state hypothesis (CSH) (Jones et al.,
1992) as well as examining explanations put forward by other models of

the ISE.

The research will explore the effects of degrading the intelligibility
and acoustic complexity of speech, as well as reducing intelligibility
whilst preserving its acoustic complexity on the degree of memory
disruption from irrelevant speech. It will also examine the effect
maintaining the intelligibility of speech whilst reducing its acoustic detail
has on the size of the ISE. The phonological store hypothesis (PSH)
would predict that speech, even when degraded or distorted would have
privileged access to the phonological store and thus create codes that
would interfere with the representations of the visual to-be-remembered

(TBR) items, so long as its phonemic content is intelligible. In contrast,
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the CSH would predict that speech would produce more disruption than
degraded speech, because degrading speech reduces the number and
extent of acoustic changes in the signal. As non-speech stimuli (e.g.
tones) are argued to be acoustically less complex than speech stimuli (e.g.
Tremblay et al., 2000), when non-speech and speech are matched for
acoustic complexity the CSH would predict equivalent levels of
disruption by both classes of stimuli. If, when the acoustic complexity of
speech and non-speech is matched speech is found to be more disruptive,
this would point to a perceptual mechanism specialised for speech. This
would be in support of the PSH, in so far as it suggests a greater

disruptive effect of speech.
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CHAPTER 3

3 GENERAL METHODOLOGICAL APPROACH

31 BACKGROUND

3.1.1 Memory tasks

The characteristics of a memory task determine its sensitivity to
disruption by irrelevant sound. Research converges on the important
role seriation in a memory task has in determining the degree of
disruption (LeCompte, 1996; Beaman and Jones, 1997; 1998). As
discussed in chapter 1, tasks for which the predominant mnemonic
strategy drawn on by participants is rote rehearsal are sensitive to the
effects of irrelevant sound, whereas tasks which do not draw on serial
memory are markedly less susceptible. For example, during the missing-
item task, participants are presented with a list of items, such as months
of the year or a series of digits (Beaman and Jones, 1997; Jones and
Macken, 1993). After the stimulus list is presented, participants are
required to recall the month that was missing from the list. A small effect
of irrelevant sound has been found with a missing-item task with speech

(Beaman and Jones, 1997) and irrelevant tones (Jones and Macken, 1993).

The strategy adopted by participants can be constrained,
influencing whether or not rote rehearsal is used as a mnemonic strategy.
Beaman and Jones (1997) familiarised participants with the stimulus set
from which names of religious buildings were taken to form the
experimental lists in a missing item task. Half the participants were
presented with the stimulus set in a fixed-order, with the items presented

in alphabetical order. This meant that participants could draw on a fixed-
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order representation of the items in memory from which to retrieve the
name missing from the stimulus lists by mentally excluding each item in
a list as the list was presented. The other half saw the set in random
order and so at recall they could not rely on a fixed-order memory
representation. When the strategy drawn on during a missing-item task
was constrained to that of ‘checking-off’, that is mentally checking-off
each item in the stimulus list as the list is presented, no effect of irrelevant
sound on memory performance was found. In contrast, when no fixed-
ordered representation of the items was available in memory, irrelevant
sound disrupted recall performance reliably. Beaman and Jones (1997)
argue that participants may have had to draw on a temporary

representation of the order of items by rote rehearsing items.

Other tasks, such as free recall (recalling items in any order) and
recognition tasks (participants have to report which of two words
presented featured in the experimental list for each trial) to name two are
susceptible to the deleterious effects of irrelevant sound (LeCompte et al.,
1996; Beaman and Jones, 1997; 1998). Although it is item information that
is required by these tasks and not recall of their serial order, their
susceptibility to irrelevant sound has been shown to be determined by
the degree to which serial rehearsal is the dominant strategy relied on by
participants (Beaman and Jones, 1997). Further, irrelevant sound
interferes with item and order information in free recall as in serial recall.
The finding that an equivalent degree of order information is retained for
both free and serial recall tasks indicates that order information is
important in recalling item information (Beaman and Jones, 1998). The
importance of the serial recall component of a task is consistent with the
primary assumption of the CSH. The CSH assumes the effect of
irrelevant sound is on serial order cues as the automatic obligatory serial
processing of irrelevant auditory items is argued to conflict with the

serial rehearsal of the TBR items in short-term memory (STM).
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3.1.2 Stimuli

3.1.2.1 Auditory stimuli

The present experimental series investigates the effect of different
manipulations of the speech signal in order to examine which
characteristic(s) afford speech to disrupt serial recall more than non-
speech. As discussed in chapter 1, research indicates no effect of meaning
on the size of the ISE. For example, no difference in the degree of
disruption between words and nonsense-words, such as reversed words
has been found and speech in a language foreign to participants is as
disruptive of memory as speech in participant’s native language (Colle
and Welsh, 1976; Jones et al., 1990; Salamé and Baddeley, 1982).
Although the semantic content of items in the irrelevant stream has been
found not influence the size of the ISE, non-words will be used as
auditory stimuli in the current experiments in order to isolate their
phonemic content. This ensured any difference between speech and
distorted speech would result from the experimental manipulation and
not be confounded by any possible small effect of meaning. LeCompte et
al. (1997) found a small but significant difference between the degree of
disruption produced by words and nonsense syllables. However, in a
subsequent experiment this difference did not reach significance,
although the small effect size for the difference between words and
nonsense (reversed) words was comparable to that found in the initial
experiment when speech and nonsense syllables were compared

(LeCompte et al., 1997).
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3.1.2.2 Visual stimuli

In previous research, digits or letters have featured as TBR items in
the visual stream (e.g. Jones et al., 2000; Jones and Macken 1995¢; Beaman
and Holt, 2007). The visual TBR items of the present experiment will
consist of lists of random permutations of the digits from a digit set.
There is no evidence in the literature to suggest that having TBR items
and irrelevant items that are of the same class makes a difference to the
size of the ISE. It follows that presenting TBR digits rather than letters
should make no difference in terms of the sensitivity of item rehearsal to

the disruptive effect of irrelevant sound during seriation.

3.2 AIMS AND OBJECTIVES

Evidence surrounding the controversy of whether or not speech is
special shows that the ISE is not only constrained to speech (Jones et al.,
2000; Jones and Macken, 1993; LeCompte et al., 1997). However, what
these different findings cannot account for is what it is about the speech
signal that renders it more disruptive (Jones et al., 2000; LeCompte et al.,
1997). Few studies directly compare the interference caused by speech
with that caused by non-speech sounds, and there have been few
systematic investigations of the possible significance of acoustic cues that
distinguish speech from non-speech sounds. This thesis investigates the
explanatory power of the changing-state-hypothesis (CSH) in that it
examines whether it is the nature of the irrelevant sounds or how

acoustically changeable they are that determines the size of the ISE.

The experimental series reported in this thesis involves the
manipulation of irrelevant sound with regard to the acoustic complexity
of the signal and the intelligibility of phonemic information to determine
how ‘speech-like’ the sound has to be to produce the magnitude of

memory interference observed with clear untransformed speech. By
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manipulating speech in ways that allow systematic control of phonemic
content and changing state acoustic cues, the research will examine
whether in terms of the ISE ‘speech is special’, and if so, why? Natural
speech is degraded to various degrees using various signal processing
techniques in order to investigate what aspect(s) of the complex speech
signal need to be reduced or removed in order to diminish the disruptive
potency of the speech in the irrelevant stream. Moreover, the research
investigates whether phonemic content, in terms of perceiving speech as
speech, is the key characteristic of speech that causes the higher level of

disruption in serial recall observed with speech relative to non-speech.

3.3 STIMULI

3.3.1 Auditory stimuli

Monosyllabic non-words were recorded digitally with 16 bit
resolution at a sampling rate of 22050Hz, in a female voice with neutral
intonation. The non-words were recorded directly onto a re-writeable
compact disc and then moved digitally into a Pentium class PC for
editing with Cool Edit Pro 1.2 (Syntrillium Software Corporation). The
recording was then high pass filtered at 50 Hz, in order to minimise low
frequency distortion. The sounds were broadly similar in loudness and
free from background noise. Research has demonstrated that variations
in both the degree of change in intensity and the overall intensity of
irrelevant sounds have no effect on the level of immediate memory
disruption (Salamé and Baddeley, 1989; Tremblay and Jones, 1999). The
non-words were separated into individual sound files. The non-words in
each sound condition were made of different phonemes so that
maximum acoustic variation was demonstrated between stimuli. Each
non-word in the irrelevant speech conditions was presented for 1000ms
and was separated by an inter-stimulus interval (ISI) of 1000ms. During

the silent condition no sound was played through the headphones. The
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relevant non-words recorded were subjected to different methods of
signal manipulation, degrading or distorting different aspects of the
signal. Table 1 lists the experimental manipulations performed in each
experiment. More details regarding the experimental manipulations and

the non-words used will be given in the appropriate chapters.

Experimental Manipulation

Experiment 1 Degrading speech (signal
correlated noise (SCN)).

Experiment 2 Degrading (SCN) versions of
vowel-only-changing (V-O-C) and

consonant-only-changing speech

(C-O-C).

Experiment 3 Whispers.

Experiment 4 Alternating voiced and whispered
speech.

Experiment 5 Reversal of the fine structure of
whispers.

Experiment 6 Spectral rotation of speech.

Experiment 7 Spectral rotation of speech.

Table 1. Experimental manipulations performed in each experiment.

3.3.2 Visual Stimuli

Lists of digits to be recalled were presented serially on a visual
display unit (VDU). Lists were constructed from the random
arrangement of the 7 digits from the digit set 1-7, using a Latin square
design, so that for each condition, each digit appeared equally often in

each serial position and no runs of more than 2 digits in ascending or
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descending order were present (appendix 1). Each digit in a trial was
presented in succession. Digits were displayed in the centre of a VDU in
new courier font at size 20. Each digit was presented for 1000ms and was

separated by an ISI also of 1000ms.

34 DESIGN

A repeated measures design was used with all participants
undertaking the serial recall task under all auditory conditions.
Participants performed the serial recall tasks for 84 trials in total, 28 for
each of the three auditory conditions. The presentation order of
conditions was fully counterbalanced such that the condition order for
each participant was selected from the set of six possible orders without
replacement. The same number of participants performed the serial
recall task in each of the six possible condition orders. As 30 participants
were tested, this was achieved by randomly assigning participants to one

of five groups of six participants.

It could be argued that whilst a fully counterbalanced block design
eliminates order effects, it may have implications for strategy use. For
example, participants may concentrate on the first few digits and the final
TBR digit presented, ignoring the digits presented at intermediate
positions. If adopted more often in the irrelevant sound conditions, an
irrelevant sound-specific strategy shift would result in any difference
between the quiet and irrelevant sound conditions being confounded by
such a strategy shift. Serial recall performance as a measure of memory
disruption would, in this case, be less sensitive to differences between the
effects of the irrelevant sound conditions. It could be argued that
randomising the order of conditions so that each TBR digit sequence is
assigned to one of the three conditions at random would eliminate the
possibility of participants developing a strategy when learning TBR item

lists, as participants would not know what sound condition would be
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presented next. However, in a study by Buchner et al. (2004) a succession
of sequences of TBR words from 6 different sound conditions was
presented at random and yet the use of a memory strategy by
participants was reported. Buchner et al. (2004) in their study on the
affect of distractor valency on serial recall disruption found that
participant’s often concentrated on the first, second, third and final TBR
words presented. This strategy was adopted more often in the irrelevant
sound conditions so that serial recall performance was found to be poorer
compared to the quiet control condition. Six item lists were presented
comprising TBR three syllable words. Buchner et al. (2006) suggest that
presenting long lists of visual TBR items leads participants to adopt such
a memory strategy when learning TBR sequences is difficult in the
presence of irrelevant sound. Buchner et al. (2006) state that strategy
shifts are not expected for short TBR sequences. Lists of seven TBR
digits are much shorter than the six item lists comprising three syllable
TBR words employed by Buchner et al. (2004). In addition, experiments
examining the ISE have used a fully counterbalanced block design and no
evidence of strategy use has been reported (e.g. Beaman and Holt, 2007

and Perham, Banbury, and Jones, in press).

3.5 MEMORY TASK: GENERAL PROCEDURAL OUTLINE

Participants were tested individually, seated in a quiet room
approximately 0.5m from the computer screen. Standard instructions
were given to participants and presented on VDU (appendix 2).
Standard instructions were given verbally to participants before the
experiment began. Instructions were also displayed ona VDU at the
outset of each experimental condition. These informed them of the
nature of the recall task, asked them to ignore any sounds they might
hear, and reassured them that the content of the auditory items would
not be tested and thus were irrelevant to the memory task. During each

trial, the seven digits were presented in random order as described above.
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The experiment generating software E-Prime (Psychology Software Tools
INC, 2002) was used to present each digit for 1000ms with an inter-
stimulus interval (ISI) also of 1000ms. The irrelevant sounds were
synchronised with the onset of each digit. See schematic diagram of a

trial in figure 4.

Response
ISI
Visual >
Stream ‘
/ If ]
Stimulus
ITI
Response
ISI
Auditory
Stream I
Stimulus
ITI

* ISI = inter-stimulus interval = 1000ms. Stimulus duration = 1000ms.
* ITI = inter-trial interval. During response period the instruction to “hit space bar

for next trial” was presented. Transition through trials was under participant control.

Figure 4. Schematic diagram of a trial. 7 digits were presented per trial. Sounds were

presented with the onset of each sound synchronised with the onset of a visual digit.

Sound was presented digitally over Sennheiser HD570
headphones through a Creative Extigy digital sound card connected to
the PC. During the silent condition no sound was played through the
headphones. Immediately after each digit list had been displayed,
participants were required to recall the list in strict serial order upon the
appearance of the prompt ‘recall’. Responses were written on a blank

grid comprising rows of seven boxes corresponding in order to the To-Be-
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Remembered (TBR) digit sequences. Participants were required to recall
each digit list from left to right. If participants could not remember a
digit they were asked to guess before moving onto the next digit, so as
not to omit any responses. They were instructed not to check responses
and correct them even if they believed a digit to be incorrectly recalled in
a serial position. Experimental trials were preceded by a short practice
session of 3 trials that were not used in any analyses. The experiment
lasted approximately 40 minutes. The irrelevant sounds and digit lists
were presented during trials using the experiment generating software E-
Prime (Psychology Software Tools, INC, 2002). At the end of each trial
participants were instructed to move onto the next trial on seeing ‘push
space bar for next trial’ on the VDU and therefore they controlled the
speed at which each trial was presented. Participants completed a
consent form before the experiment (appendix 3) and were fully
debriefed at the end. Some of the experiments undertook involved
variations on the general design and procedure outlined. These will be
detailed in the methodological considerations section for the experiments
in the following chapters as will the various signal manipulation

techniques.
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CHAPTER 4

4 PRELIMINARY INVESTIGATION INTO THE EFFECT OF
PHONOLOGICAL DEGRADATION ON THE DEGREE OF
SERIAL RECALL DISRUPTION FROM IRRELEVANT SPEECH

41 BACKGROUND

Past research (e.g. Jones et al., 2000) shows that speech and non-
speech sounds produce a linear relationship between degradation and
serial recall performance. That is, as the degree of degradation of speech
and non-speech sounds is increased, the number of serial recall errors
decreases. It is therefore clear that no threshold needs to be exceeded for
digital degradation of the signal to have a noticeable effect on memory
for order information, since a discontinuity in the degradation by
disruption function would needed to have been observed. However,
fully degraded speech is still more disruptive of memory than fully
degraded non-speech sounds (Jones et al., 2000). Thus, it can be argued
that degradation acts to remove or distort a phonetic-acoustic feature of

speech which affords the observed increase in memory interference upon

its presentation.

The experiment reported here explores the effect of phonological
degradation on the degree of disruption from irrelevant speech. If an
acoustic-phonetic feature is the key characteristic of speech that causes
the marked level of disruption in serial recall, then acoustic degradation
of speech, which will reduce the degree of acoustic v.ariation, should
reduce the intelligibility of the speech along with the degree of disruption.
That is, clear speech will produce more serial recall interference than

degraded speech because phonological degradation of the signal not only
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acts to attenuate the nature and extent of acoustic changeability within an
irrelevant auditory stream but diminishes the intelligibility of the
phonemes within the non-word samples. A reliable difference is
predicted between serial recall performance in the presence of degraded
speech and silence as degraded speech items will still be perceived as

speech and adjacent items will still vary acoustically.

The present experiment aims to generate a reliable difference
between the number of serial recall errors produced under clear and
degraded speech. The degraded speech will be examined to see whether
there are differences in the intelligibility of vowels and consonants.
Hughes et al. (2005) found evidence that varying vowels within an
unattended irrelevant sequence determine memory interference more
than do changes in consonants between successive auditory items.
vowel-only-changing (V-O-C) speech items disrupted memory
significantly more than consonant-only-changing (C-O-C) speech items.
Whether or not vowel identification within the degraded speech stream is

affected by digital manipulation will be examined.

4.2 PILOT A (FOR EXPERIMENT 1A). PERCEPTUAL
IDENTIFICATION TASK: INTELLIGIBILITY SCREENING OF
NON-WORD SAMPLES

4.2.1 Participants
A group of 23 undergraduate students volunteered to take part in

the experiment, each reporting normal or corrected-to-normal vision and

normal hearing. All participants had English as their first language.
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4.2.2. Signal processing

The 50 non-words (appendix 4, see also appendix 5 for examples
of disc phonetic symbols) were recorded and edited as detailed in chapter
3 (p 90). The non-words were then digitally degraded using custom
software by randomising a percentage of the samples in each sound,
therefore turning a proportion of the signal into signal correlated noise
(SCN). First, the polarity of samples within the waveforms of each non-
word was reversed at a signal-to-noise ratio (SNR) of 0.65. Therefore,
65% of the speech signal was unchanged, leaving 35% of the signal
replaced with random samples. The same 50 non-words were also
manipulated at a SNR of 0.7. Here, 70% of the speech signal was left
unmanipulated, with 30% of the signal replaced with random samples.
Thus, two versions of the 50 non-words were generated. As the
percentage of sample points whose polarity is reversed increases, so does
the proportion of noise relative to the signal increase. The amplitude
envelope of the sample remained the same. These two signal-to-noise
ratios were chosen so that the intelligibility of the non-words would be
reduced, but not to the extent that the non-words would be heard as
noise. If there was more noise relative to the signal, this might have
destroyed the intelligibility of some of the phonemes within the degraded
non-words so that they were no longer perceived, rather than their
identification being distorted. The aim of this experiment is to examine
whether there are differences in the identification of vowels and
consonants within the degraded non-words. Two SNRs were employed
as seven distinct low intelligible non-words needed to be selected for the
memory experiment (pilot B, for experiment 1). The SNR needed to
afford the isolation of seven distinct non-words where the consonants
and vowels between adjacent sounds differed. The SNR that produced a
range of high to low intelligible non-words that was more distributed

was selected.
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4.2.3 Design

A repeated measures experimental design was used for this pilot

study. All participants completed a perceptual identification task.

4.2.4 Procedure

A group of participants were tested in a free-field situation in a
seminar room. Stimuli were projected using Microsoft PowerPoint
software. Before the experimental trials were presented, standard
instructions were given to the participants and provided on a screen
informing them of what the experiment involved (appendix 6). The
degraded non-words were presented over a single speaker and each non-
word was played once to participants. A speaker icon was presented on
screen symbolising each non-word to be played. Each speaker icon was
clicked by the experimenter to present each degraded non-word.
Immediately after the presentation of each non-word the response cue
‘respond” was displayed and participants were instructed to write down
phonetically what they thought they heard on a response sheet, used for
scoring in a later session. That is, participants wrote down the
word/non-word they thought they heard. The inter-stimulus interval
(ISI) was controlled by participants, in that when all participants had
finished writing down the sound they thought they heard the next sound
was presented. Six practice sounds were given before participants
proceeded to the experimental sounds, after which any questions were
answered. These practice trials were not used in any analysis. After the
first 50 non-words were presented, participants were given a five minute
break. The intelligibility screening sessions lasted approximately 20
minutes. Participants completed a consent form (appendix 7) before the

experiment and were fully debriefed at the end.
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4.2.5 Results

The responses were scored correct if they corresponded
phonetically to the non-word presented. For instance, when the non-
word /muj/ (mv_) was presented (see appendix 5 for examples of
phonetic symbols), if participants wrote “mudge” or “muj” the response
was scored as correct. The non-words were then ranked in terms of the
number of correct identifications. Non-words whose written response
was questioned were judged by an independent committee, blind to the
experimental predictions, and there was 100% agreement. This acted as a
measure of intelligibility, as a range of low to highly intelligible non-
words was generated (appendix 8). Intelligibility here referred to the
identifiability of the degraded non-words. For the 50 non-words
degraded at a SNR of 0.65 the intelligibility range went from 0-22 correct
identifications. The total number of correct identifications was 461. This
figure was calculated by adding the number of correct identifications for
each of the 50 non-words. In contrast the intelligibility range for the same
non-words at a SNR of 0.7 ranged from 0-21 correct identifications and
the total number of correct identifications including all 50 non-words was
494. It was from the intelligibility range of the non-words at 0.7 SNR that
seven non-words of low intelligibility were selected for the irrelevant

degraded speech condition of pilot B (for experiment 1b).

Non-words that were low in intelligibility, with recognition scores
in the range of 0-8 correct responses made, were isolated from the bottom
quartile of the intelligibility range. Seven non-words for the clear (un-
degraded) speech condition that differed from those making up the
degraded speech condition where selected from the recorded non-words
(appendix 9; see also appendix 5 for examples of disc phonetic symbols).
Different non-words were used in the two sound conditions because the
literature shows that phonological content does not determine the size of

the ISE. For example, Jones et al. (1990) demonstrated that irrelevant
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speech in a language native to participants produces no more disruption
than a foreign language. Also, words played forwards and reversed
words were found to disrupt serial recall to the same extent (Jones et al.,
1990). In addition, if the non-words in the two sound conditions were the
same, the presentation of clear speech versions first may improve the
intelligibility of the same non-words in their degraded format. This
would present an example of perceptual learning. Noise-vocoded speech
sounds are reported as being readily intelligible after a short training
session (Narain et al., 2003). Noise-vocoded speech is generated by
replacing a synthesised speech signal with several bands of noise, whilst
preserving the amplitude envelope. Therefore, band passed filtered noise
as opposed to the quasi-periodic vibrations of the vocal chords represent
the spectral variation in the signal (Shannon et al., 1995). The seven non-
words degraded at a SNR of 0.7 are not degraded to the same extent as
noise-vocoded speech. Quasi-periodic vibrations of the vocal chords still
convey spectral variation in the signal. Therefore, although participants
are instructed to ignore the sounds, perceptual learning may occur. As
phonological content does not determine the size of the ISE (Jones et al.,
1990), using different non-words in the speech and degraded speech
conditions would control for any affect of perceptual learning. The
consonant and vowel sounds of the non-words all differed within the
irrelevant stream for both conditions, so that each successive non-word in
the irrelevant stream was distinct. The changing-state-hypothesis (CSH)
argues serial recall disruption is a function of the degree of change and
therefore distinctiveness between adjacent items in an irrelevant auditory
stream, so long as the sounds are perceived as forming a coherent

sequence (Jones et al., 1996).

101



4.3 THE EFFECT OF DEGRADATION ON THE
IDENTIFICATION OF VOWELS AND CONSONANTS

Whether the digital manipulation of the sounds forming the
degraded speech condition had a different effect on the consonants and
vowels was examined. Hughes et al. (2005) demonstrated that irrelevant
auditory sequences of CVC syllables in which the vowels of the syllables
changed from item-to-item were more disruptive of serial recall than
sequences of syllables in which the initial or final consonants changed
between successive syllables. The intelligibility data for the seven non-
words in the degraded irrelevant speech stream was subjected to a one-
factor repeated measures ANOVA on the mean number of perceptual
identification errors made for the initial consonants, vowels and final
consonants (appendix 10). This was carried out in order to determine if
the effects of degradation had in general degraded the vowels, but
relatively preserved the initial and final consonants of the degraded non-
words, which would provide a possible account of the marginal

difference between the disruptive effect of clear and distorted speech.

Mean Errors SD
Initial 3.87 0.869
Vowel 2.52 0.994
Final 4.17 1.193

Table 2. Descriptive statistics indicating the mean errors in the perceptual identification
of initial and final consonants and vowels in the seven degraded monosyllabic non-

words. N = 23.

The descriptive statistics in table 2 displaying the mean perceptual

identification errors indicates the initial and final consonants were more
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correction displayed in table 3 (appendix 10) revealed that the initial and
final consonants were misperceived more than the vowels (p < 0.001). No
difference was found between the misperception of initial and final
consonants (p < 0.887). Therefore, the results indicate that the vowel
portion of the non-words making up the degraded speech stream was

relatively preserved.

4.4 PILOT B (FOR EXPERIMENT 1B). MEMORY TASK:
METHODOLOGICAL CONSIDERATIONS

4.4.1 Participants

20 undergraduate student volunteers took part in the study. The
participants had English as their first language and each reported normal
hearing and normal or corrected-to-normal vision. Participants were

assigned to all three experimental background sound conditions:
1. Quiet control

2. Clear speech
3. Degraded speech (low in intelligibility)

44,2 Stimuli

4.4.2.1. Visual stimuli

Digit lists were presented serially on a VDU and were sampled
quasi-randomly and without replacement from the digit set 1-7. In each
trial each digit was displayed in succession. No list contained a run of

more than 2 digits in ascending or descending order (appendix 11).
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4.4.2.2. Auditory stimuli

Sounds were presented over a single speaker, free-field, in a
seminar room. During the silent control condition no sound was played.

The non-words were presented using Microsoft PowerPoint software.

4.4.3 Design

A repeated measures design was used, all participants
undertaking the recall task under all three auditory conditions. There

were 75 trials in all, 25 for each of the three auditory conditions.

4.4.4 Procedure

Standard instructions were given verbally to participants before
the experiment began. Instructions were also displayed on a screen at the
outset of each experimental condition (appendix 12). In each trial, the
seven digits were displayed in random order as described above.
Immediately after the presentation of each digit list, participants were
required to recall the list in strict serial order. The irrelevant sound
sequences were presented alongside the visual display of digits and were
presented at a comfortable sound level (see schematic diagram of a trial
in chapter 3, p94). The duration of irrelevant sounds and digits as well as
the ISI between stimuli in the visual and auditory streams were as
described in chapter 3. Participants were required to recall each digit list
from left to right. The experimental trials were preceded by a short
practice session of 3 trials that were not used in any analyses. The
experiment lasted approximately 30 minutes. Participants completed a

consent form (appendix 13) before the experiment and were fully

debriefed at the end.
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the presence of noise attenuates the ISE by reducing the number of

acoustic changes within the speech signal.

That there was no difference between the disruptive affect of
distorted speech when compared to the silent control was not predicted
as the degraded speech items still varied acoustically, though the digital
manipulation reduced the degree of acoustic variation. Previous studies
comparing the effect of steady-state sound with that of silence
demonstrate equivalence in memory performance (e.g. LeCompte, 1996).
Sequences of steady state sounds do not demonstrate physical change
between adjacent tokens and this offers an account for the lack of an ISE
being attained in its presence. In contrast, the degraded irrelevant speech
samples still convey abrupt changes across several perceptual attributes,
so the samples are not reduced to signals resembling steady-state sounds.
The analysis of the effect of degradation on the identification of the
vowels and consonants in the degraded non-words indicate that the
vowels were relatively preserved. Therefore, a significant difference
between the degraded speech and silent control condition would be
expected with regards to the remaining presence of changing-state

information, in particular the changing vowels.

One key objective of this study was to establish how much speech
has to be degraded in order for it to disrupt serial recall at a level that
significantly differs from recall in the clear speech and silent control
condition. The finding of no difference between degraded speech and
silence may be due to the level of degradation being too high at a SNR of
0.7. An increase in the SNR of the degraded speech may increase the
variance of serial recall errors between those occurring under silence and
in the presence of irrelevant degraded speech sounds. However, Jones et
al (2000) degraded speech digitally by degrees. Speech reduced to
amplitude modulated noise was still more disruptive than non-speech

degraded to the same degree. As a silent control condition did not
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feature in the study of Jones et al. (2000) but did in the present
experiment it does not form a fair comparison and conclusions cannot be
drawn about whether or not a reliable ISE would have been observed
with speech reduced to amplitude modulated noise. In addition,
Tremblay et al (2001) found that bursts of broadband noise that changed
in frequency disrupted serial recall relative to a quiet control. Therefore,
as speech reduced to amplitude modulated noise disrupts memory more
than non-speech degraded to the same degree and bursts of broadband
noise arguably contain less changes in state than do degraded non-words,
a difference between memory performance in the degraded speech and
silent control condition would have been expected. This is because
acoustic variation was still conveyed between degraded items, a
characteristic in an irrelevant stream necessary for the observation of a
changing-state effect (Jones et al., 1996). Therefore the lack of a reliable
difference in serial recall disruption by degraded speech and silence in
the present findings must be attributable to its weak experimental design.
A weak experimental design was employed for this pilot experiment as
an opportunity sample was available. This pilot was conducted in order
to screen which SNR would afford the isolation of seven distinct non-
words where the consonants and vowels differed between adjacent

sounds.

There are several limitations inherent in this pilot’s experimental
design, which may explain why no difference in serial recall performance
was observed between the degraded irrelevant speech condition and the
silent control condition. First, the free-field presentation of the sounds
over a single speaker to a group would result in additional distortion
because of the room transfer function (Moore, 2004). Large rooms and
lots of furniture in a room cause standing waves, which affect the transfer
function of the sound. Thus, the sound reaching the ears (the receiver) is
very different from that which came from the speaker (the transmitter).

Second, the design was not fully counterbalanced as only one group of
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participants were tested and therefore received only one of the six
possible orders. Therefore, the design has not controlled for practice and
fatigue effects. Third, the sounds in clear and degraded speech
conditions were not randomised between trials. Although there is no
evidence for habituation to a repeated sequence of distinct irrelevant
sounds (Tremblay and Jones, 1998), the randomisation of sounds for each

list in each condition would be a more objective and systematic approach.
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CHAPTER 5

5 THE EFFECT OF PHONOLOGICAL DEGRADATION ON
THE DEGREE OF SERIAL RECALL DISRUPTION BY
IRRELEVANT SPEECH

51 AIMS AND OBJECTIVES

Experiment 1b aimed to control for noise distortion that featured
in pilot A and B (chapter 4) by presenting auditory stimuli over quality
headphones and testing participants individually in a quiet listening
room. The non-words used were digitally degraded using the same
technique as pilot A and B (chapter 4). During the perceptual
identification task (experiment la) the non-words were also presented
over quality headphones rather than being presented over a single
speaker used to deliver the sounds in the pilot perceptual identification
task (pilot A). Partially degrading a signal at 0.7 SNR as in pilot A and B
does not remove or attenuate all of the acoustic changes within the
spectrally complex speech signal. The presentation order of the sound
conditions during the memory task was fully counterbalanced so that the
condition order for each participant was taken from the six possible
condition orders without replacement. In addition a larger sample size
was used to allow for full counterbalancing of the six possible sound
conditions. A tighter experimental design was predicted to bring out a
reliable difference between degraded speech and silence and remove any

effect of practice or fatigue that may have confounded the findings of

pilot B.

The prediction that a reliable difference in serial recall interference
will be observed between degraded speech and silence is derived from

the literature, which shows any physical change between perceptually
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distinct auditory items will produce an ISE (e.g., Jones et al., 2000; Jones
and Macken, 1995a, Ellermeier and Hellbriick, 1998), so long as it does
not breach the temporal coherence boundary so that the auditory objects
are no longer perceived as one coherent stream (e.g., Jones and Macken,
1995b; Jones et al., 1999a; Jones et al., 1999b). A reliable difference
between the disruptive effect of clear and degraded speech as found in
pilot B (for experiment 1b) is also predicted on the grounds that
distortion of the speech signal reduces the number of acoustic changes
from item-to-item which leads to an attenuation in serial recall

performance (e.g. Jones et al., 2000).

5.2 EXPERIMENT 1A. PERCEPTUAL IDENTIFICATION
TASK: ADDITIONAL METHODOLOGICAL
CONSIDERATIONS

5.2.1 Participants

23 undergraduate students were used. The participants who did
the pilot perceptual identification task (pilot A, chapter 4) were not used
for this experiment as 50 of the non-words that were previously screened
for intelligibility would seem more common to them. All participants
had English as their first language and reported normal or corrected-to-

normal vision and normal hearing.

5.2.2 Preparation of auditory stimuli

100 monosyllabic non-words were screened for intelligibility, 50 of
which featured in the previous pilot perceptual identification task
(appendix 15, see also appendix 5 for examples of disc phonetic symbols).
The non-words were digitally edited and prepared as described in the
pilot methodology. The level of degradation for all 100 non-word
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samples was set at a SNR of 0.7 and therefore 30% of the signal was
replaced with random samples. This level of degradation was chosen on
the basis of it generating a better distributed range of intelligibility for the
non-words in the pilot study. The experiment generating software E-
prime (Psychology Software Tools, INC, 2002) was used to present each
sound for 1000ms and the Inter-Trial Interval (ITI) was controlled by the

participant’s according to the speed with which they gave their written

response.

5.2.3 Design

A repeated measures design was used as all participants
undertook the perceptual identification task. E-prime (Psychology Tools
INC, 2002) was used to present the non-words in random order for each

participant.

5.2.4 Procedure

Participants were tested individually, seated in a quiet room
approximately 0.5m from the computer screen. At the outset, standard
instructions were given to the participants and presented on VDU
(appendix 16). During each experimental session, each non-word was
presented through Sennheiser HD570 headphones in random order as
described above. The random order of the 100 non-words was recorded
and each non-word was presented for 1000ms. After the presentation of
each non-word, participants were instructed to write down phonetically
what they thought they heard on a response sheet. The intelligibility
screening sessions lasted approximately 20 minutes. Participants

completed a consent form (appendix 7) before the experiment and were

debriefed at the end.
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53 RESULTS

The responses were scored as detailed in pilot A (see chapter 4).
From the intelligibility range (appendix 17), seven non-words of low
intelligibility were selected for the irrelevant degraded speech condition
of experiment la. Non-words that were low in intelligibility (with
recognition scores in the range 0-4 correct identifications) were isolated
from the bottom quartile of the intelligibility range. Seven different non-
words were selected for the clear (un-degraded) speech condition.
Different non-words were used in the speech and degraded speech
conditions as the literature shows that phonological content does not
determine the size of the ISE (e.g. Jones et al., 1990). Having different
non-words in the two conditions also eliminates any possibility of
perceptual learning leading to the identification of the degraded non-
words. This may be the case when the clear speech condition occurs
before the degraded speech condition (as discussed on p100). The
consonant and vowel sounds of the non-words all differed within the
irrelevant stream for both conditions (appendix 18; see also appendix 5

for examples of disc phonetic symbols).

54 THE EFFECT OF DEGRADATION ON THE
IDENTIFICATION OF VOWELS AND CONSONANTS

Mean Errors | SD
Initial 4.78 0.951
Vowel 2.78 1.085
Final 2.35 1.027

Table 6. Descriptive statistics indicating the mean errors in the perceptual identification
of initial and final consonants and vowels of the seven digitally degraded non-words. N

=23.

115






A one-way repeated measures ANOVA (appendix 19) was carried
out on the number of incorrect identifications for the initial and final
consonants and the vowels of the seven non-words in the degraded
speech condition. Mauchly’s test indicated that the assumption of
sphericity had been violated (x” (2) = 7.170, p < 0.05); therefore the
degrees of freedom were corrected using Huynh-Feldt estimates of
sphericity. The results show there was an effect of phonological
degradation [F (1.647, 36.235) = 33.393, MSE = 47.093, p < 0.001]. Pairwise
comparisons with Bonferroni correction displayed in table 7 (appendix 19)
showed the initial consonants were misperceived more relative to the
vowels (p < 0.001) and final consonants (p < 0.001) of the speech sounds.
However, there was no significant difference between vowels and final

consonants (p < 0.700).

5.5 EXPERIMENT 1B. MEMORY TASK: ADDITIONAL
METHODOLOGICAL CONSIDERATIONS

5.5.1 Participants
30 undergraduate student volunteers took part in the study. The
participants used had English as their first language and each reported

normal hearing and normal or corrected-to-normal vision. They were not

paid for their time.

5.5.2 Stimuli

5.5.2.1 Visual stimuli

As in pilot B (for experiment 1b) the digit lists were presented
serially on a VDU and were sampled quasi-randomly and without

replacement from the digit set 1-7. In each trial each digit was displayed
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in succession. No list contained a run of more than 2 digits in ascending

or descending order (appendix 20).

5.5.2.2 Auditory stimuli

The sounds for the clear and degraded speech conditions were
presented over Sennheiser HD570 headphones (see general procedural
outline in chapter 3). The non-words for the clear speech condition and
degraded speech condition can be seen in appendix 18. The non-words
were recorded and edited as described in chapter 3 (p90). The non-words
for the degraded speech condition were degraded as detailed in chapter 4
(p98). For each digit list, the appropriate set of irrelevant sounds was
randomised. The sounds were presented concurrently with the digits as

detailed in chapter 3 (p94).

5.5.3 Design and procedure

The presentation order of conditions was fully counterbalanced
and the general procedure was as detailed in the general procedural

outline section of chapter 3 (p93).

56 RESULTS

Mean Errors | SD
Clear speech 55.63 24.480
Degraded speech 47.33 23.227
Silence 35.63 21.384

Table 8. Descriptive statistics for three auditory conditions; mean number of serial recall

errors per condition. N = 30.
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(natural) speech to be more disruptive of immediate memory than

degraded natural speech.

5.7 DISCUSSION

The results of experiment 1b replicate the general finding observed
in the pilot experiment and confirm that digitally degrading speech
significantly reduces the size of the ISE when its effect is compared to that
of clear speech. However, once conditions are fully counterbalanced and
presented in a more appropriate testing environment, distorted speech
impaired serial recall at a level that significantly differed from when the

TBR items were presented in silence.

The changing-state-hypothesis (CSH) (Jones et al., 1992) can
account for the higher disruptive effect of clear speech relative to
degraded speech, by assuming that the reduction in the ISE is due to the
fact that the number and extent of acoustic change is greater for clear
speech than for degraded speech. Acoustic variation in this paradigm is
defined as the variation in terms of all acoustic characteristics between
distinct items, except for overall amplitude (Tremblay and Jones 1999).
However, the acoustic characteristic(s) that need to change-in-state from
item-to-item in an irrelevant sound stream is not proposed by the CSH,
and it is clear that several acoustic changes within the multi-dimensional
speech signal have been attenuated along with phonemic intelligibility

due to digital degradation.

Although much evidence to contradict the phonological store
hypothesis (PSH) exists, such as the observation of an ISE with irrelevant
non-speech stimuli as well as speech stimuli (e.g., Jones and Macken,
1993 and Jones et al., 2000), the present findings suggest that
phonological degradation removes or distorts an important characteristic

of the phonetic content of speech which serves to significantly attenuate
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its disruptive effect. The ability to correctly identify the phonemic
content of speech sounds may account for the significantly higher level of
memory interference of irrelevant clear speech. It can be argued that the
CSH’s assumption that more changes in state between successive
irrelevant items accounts for the greater power of clear speech to disrupt
serial recall does not quantify the effect of clear speech relative to
degraded speech. Degrading speech not only acts to reduce acoustic
variation from item-to-item in the irrelevant stream, it also reduces the

intelligibility of spoken items, in terms of their identification.

Recent research using consonant-vowel-consonant (CVC) syllables
as irrelevant speech items investigated the disruptive power of changes
only in the final consonant, the initial consonant, or in the vowel of each
item (Hughes et al., 2005). The findings indicate that vowel changes, as
opposed to consonant changes are the dominant source of disruption, an
effect referred to as the ‘'vowel-changing-state effect’. Surprenant and
Neath (1996) found that attended to vowel-only-changing (V-O-C) items
are better recalled in their serial order than consonant-only-changing (C-
O-C) items. Hughes et al. (2005) argue that items that are easily recalled
in their correct serial order when in the attentional focus will in turn be
equally as disruptive to serial recall as irrelevant sound. This suggests,
for verbal serial memory, vowels provide more serial order cues than do
consonants. When sound is unattended, vowel changes would generate
more conflicting order cues in memory based on the seriation process

being similar for irrelevant sound and relevant visual TBR item streams.

Hughes et al. (2005) also point out how research into the
perceptual organization of sound provides further support for the
suggested dominant role of changing vowels in the ISE. It is argued that
the attribute shared by speech sounds used by the perceptual system to
integrate different speech utterances spoken by the same voice over time

is afforded by the continuity in some percept, for example a common
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fundamental and formant pattern shared by the phonated-periodic
vowels of these utterances. In contrast, consonants give the periodic
sounds their characteristic noisy onsets and offsets (Hughes et al., 2005).
Further, the spectral complexity of vowels is greater than consonants
(Bregman, 1990). Acoustic differences between discrete vowels produced
by varying the shape of the vocal tract occur on the common fundamental
and formant structure of spoken utterances and as a consequence create
strong serial order cues, which would cause more serial recall

interference than would consonant variations.

In light of the findings of Hughes et al (2005) and Surprenant and
Neath (1996) a subsequent analysis was performed on the intelligibility
data for the seven low intelligible non-words making up the degraded
irrelevant sequence. The analysis indicated that the initial consonants
were misperceived more than the vowels, which were relatively well
preserved. However, the level of degradation resulted in the vowels and
final consonants of the degraded non-words being statistically equivalent
in their misperception. For example, for the non-word /thet/ (TEt) the
initial consonant sound /T/ was identified incorrectly significantly more
than the vowel sound /&/ and the final consonant sound /t/ (see
appendix 5 for examples of disc phonetic symbols). One explanation is
that in these samples enough information corresponding to the vowels
may have been removed from the speech signal in order to make the
disruptive potency of degraded speech lower than that of clear speech.
This may have been the case even though consonants were misperceived
more than vowels since Hughes et al (2005) demonstrated vowel changes
as opposed to consonant changes to be important in serial recall
disruption by irrelevant speech. Also, there are fewer consonants that
can legally follow a vowel. Therefore, it may have been easier for

participants to guess the final consonant of the non-word samples.
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In considering the finding of the equivalent misperception of the
vowels and final consonants of the non-words in the degraded speech
condition, there is insufficient evidence to generalise to the whole syllable
population, since only seven monosyllabic non-words acted as the
degraded stimuli across all the trials within this auditory condition. It

may be that this result was only observed because these non-words were

employed as irrelevant stimuli.

It follows that the result may be different if a larger set of CVC
syllables acted as the irrelevant stimuli in regards to examining how
consonants and vowels are affected by digital signal degradation.
Accordingly, a more objective and systematic methodological approach
to exploring the affect of degradation on speech sounds would be to use a
larger sample of non-words, so that each irrelevant changing-state

sequence contains different distinct non-words.
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CHAPTER 6

6 THE RELATIONSHIP BETWEEN DEGRADATION AND
SERIAL RECALL PERFORMANCE FOR VOWEL-ONLY AND
CONSONANT-ONLY-CHANGING NON-WORDS

6.1 BACKGROUND

Experiment 1b (chapter 5) showed that digitally degrading speech
attenuated the intelligibility of a selection of non-words. The degraded
non-words low in intelligibility went on to reduce serial recall
performance when presented as irrelevant sound (experiment 1b, chapter
5). As changing vowels are argued to generate more competing cues to
serial recall because when attended, vowel-only-changing (V-O-C)
sequences are better recalled in serial order than consonant-only-
changing (C-O-C) sequences (Surprenant and Neath, 1996), it is useful to
consider the effect of noise on verbal to-be-remembered (TBR) item

sequences.

Several studies have demonstrated that distortion of the signal of
verbal TBR items has a detrimental effect on serial recall of these
sequences. Luce, Feustel and Pisoni (1983) showed that naturally spoken
words were better recalled in serial order than synthetically spoken
words. One characteristic shared by the research of Luce et al (1983) and
the findings of experiment 1b (chapter 5) is that the sounds making up
both speech conditions differed in their intelligibility. Therefore, the
reduction in serial recall performance in the presence of degraded speech
(experiment 1b, chapter 5) and the poorer serial recall of synthetically
spoken words relative to naturally spoken words (Luce et al., 1983) may

be due to the reduced intelligibility of the phonemes making up the
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speech sounds, in particular the vowels. However, the sounds in the
clear and degraded speech conditions (experiment 1b, chapter 5) and in
the naturally and synthetically spoken words of Luce et al (1983) differed
also in the degree of acoustic variation conveyed from-item-to-item. The
intelligibility of items in the clear and degraded speech condition would
need to be matched whilst reducing the acoustic variation between
successive items. This would be necessary in order to make conclusions
as to whether it is the reduction in intelligibility of items or the acoustic
variation conveyed from item-to-item that is responsible for the

improvement in performance in the presence of degraded speech.

The phonological store hypothesis (PSH) argues that memory
interference is the product of the confusion between irrelevant and
relevant phonological codes within the hypothetical phonological store.
The PSH as described earlier cannot account for the effect of non-speech
stimuli on serial recall performance (e.g. LeCompte et al., 1997 and Jones
et al., 2000). Non-speech sounds have no phonetic content and it is not
possible for them to be re-coded into phonemes and so they should not
disrupt immediate memory. Therefore, the confusion between irrelevant
and relevant phonological codes cannot account for the ISE. However,
speech is found to be more disruptive of serial recall than non-speech (e.g.
LeCompte et al., 1997 and Jones et al., 2000) and degraded speech
(experiment 1b, chapter 5), and so the intelligibility of the phonetic

content of speech may explain the greater disruptive power of speech.

There is research evidence which suggests that the correct
identification of words may not predict their ability to disrupt memory.
Rabbitt (1991) demonstrated that participants with mild peripheral
hearing loss recalled fewer words than did an age-matched control group
with normal hearing, even though, the words for both groups were
identified equivalently. Identification performance was measured by

asking participants to overtly shadow the words as each one was
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presented. Rabbitt (1991) argued the decrement in memory performance
may be due to the extra difficulty experienced by the participants with
peripheral hearing loss in interpreting the words. That the participants
had difficulty in interpreting the TBR words may have lead to a reduction
in the encoding and rehearsal of the words. This demonstrated that even
though both groups of participants demonstrated equivalent
identification performance for the TBR words, memory performance was

still adversely affected more for the group with peripheral hearing loss.

The reduction in intelligibility and the physical complexity of the
consonant-vowel-consonant (CVC) syllables through degradation of the
signal in experiment 1b (chapter 5) may also have resulted in more
difficulty in interpreting the CVC syllables and may have required the
use of more cognitive resources. Considering these CVC syllables are
irrelevant to the task and are ignored, this account seems unlikely. It may
be that the degraded speech sounds form weaker physical memory
representations, which in turn generate less serial order cues to conflict
with those elicited by sub-vocal rehearsal of the TBR items disrupting
serial recall less. This account would be in keeping with the CSH, which
assumes a sequence in which acoustic changes are removed or attenuated
between successive irrelevant auditory items will interfere with serial

recall less (Jones et al., 1996).

Surprenant (1999) demonstrated reduced memory for spoken
syllables mixed with noise, even though identification performance was
equated across syllables. This finding is explained with reference to the
memory representations of the syllables formed during their initial
encoding. These can be degraded by the addition of noise, even though
the physical representation of the sound is left unimpaired or at least
occurs at an equivalent level across noise conditions. Degrading the
memory representations of these syllables can impair discrimination of

these auditory items, thus reducing the amount of information pertaining

127



to their serial order. An indirect inference can be drawn from these
results when predicting the effect of task-irrelevant sounds degraded by
signal-correlated-noise (SCN) at different signal-to-noise ratios (SNR). A
sequence of degraded auditory stimuli would demonstrate less change
from item-to-item and would therefore disrupt the maintenance of the
order of visual TBR items less as poorly discriminated sounds generate
weaker cues to their serial order. The PSH could account for the effect of
degradation on the disruptiveness of speech if it was adapted to assume
the acoustic patterning of degraded speech sounds would form weaker
physical memory representations that would result in less confusion

between irrelevant auditory and relevant TBR items.

Jones et al (2000) observed a linear relationship between
degradation and serial recall disruption for both speech and non-speech
stimuli. Progressive degradation of the speech sounds and cello notes
resulted in a reduction in serial recall performance. That is, as
degradation of both classes of sound increased, disruption of serial recall
decreased. This indicated an equivalent pattern in the reduction of serial
recall errors by degradation for speech and non-speech stimuli, as simple
cello notes revealed a similar pattern of interference to that produced by
speech (Jones et al., 2000). They found continuity in the effect of
degradation on serial recall performance for speech sounds. This would
not have been observed if a threshold had needed to have been exceeded
in order for a speech sound to be identified as a non-word before it
significantly became detrimental to immediate memory. Jones et al (2000)
argue that this is evidence for the prediction proposed by the CSH, that
as adjacent items in an irrelevant sound sequence vary less and therefore

become less distinct, the degree of serial recall interference is reduced.
When recalling to-be-remembered (TBR) items in sequential order

when irrelevant sounds degraded at various levels are presented,

individual differences are found with regards to the number of serial
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recall errors made. When data from a typical ISE task such as that of
Jones et al (2000) is averaged a linear function is observed. Although
Jones et al (2000) demonstrated cello notes to be disruptive of serial recall
in a functionally similar way to speech; speech when fully degraded is
still more disruptive. Fully degraded speech in Jones et al’s (2000)
experiment was stimuli reduced to amplitude-modulated noise. Recent
research has provided direct evidence for the importance of changes in
the vowels of successive auditory items in the disruption of serial recall
by irrelevant speech (Hughes et al., 2005). Hughes et al (2005) examined
which phonetic component changing within a stream of speech sounds
acted as the dominant source of serial recall disruption. Hughes et al
(2005) manipulated whether the initial consonant, final consonant or
vowel portion of a sequence of speech sounds changed from item-to-item
and measured their effect on serial recall when presented as irrelevant
sound. A sequence of CVC syllables in which all components (initial
consonants, vowels and final consonants) of the syllables changed
disrupted serial recall performance more than a sequence in which only
the final consonant changed. In addition, sequences in which only the
vowel changed from syllable-to-syllable produced a larger decrement in
serial recall performance than did sequences in which only the initial

consonant changed.

The weaker effect on memory performance observed with C-O-C
CVC syllables was further emphasised by these syllables causing a level
of disruption equivalent to that observed in the presence of a steady-state
sequence. For example, disruption in the presence of a steady-state
sequence in which a syllable was repeated was similar to disruption in
the presence of a sequence in which only the initial consonant changed
from item-to-item. Disruption produced in the steady-state condition
was also similar to disruption observed in the presence of a sequence in
which only the final consonant changed. Hughes et al (2005) explained

this finding in light of research on the effect of memory for spoken
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syllables which also manipulated whether it was the consonants or
vowels only that changed in an attended to-be-remembered (TBR)
sequence (Surprenant and Neath, 1996). Like Hughes et al (2005),
Surprenant and Neath (1996) found V-O-C sequences of syllables were
recalled better than their C-O-C counterparts. Hughes et al (2005)
inferred that attended-to-auditory items that are more easily recalled will
also be more disruptive to the serial recall of visual TBR items when
unattended. This is because changing vowels within an irrelevant stream
generate more competing cues to serial order than do streams of C-O-C
syllables. Hughes et al (2005) further support this inference by
considering factors important for the perceptual organisation of speech
sounds. Changes on an attribute shared by speech sounds produced by
the same speaker, such as fundamental frequency (f0) and formant
structure are provided by the voiced and therefore periodic vowel sounds.
These help the auditory system to integrate speech sounds over time, so
as to allow the identification of sounds as coming from the same talker
and therefore keeping them in the same stream. The integration of
speech sounds over time by the perceptual system therefore serves to

maintain the temporal order of streams of speech sounds (Bregman, 1990).

6.2 AIMS AND OBJECTIVES

Experiment 2 was designed to compare disruption of serial recall
in the presence of degraded irrelevant CVC sequences in which only the
vowels change from syllable-to-syllable with the effect of sequences in
which only both the initial and final consonants change. Both classes of
irrelevant speech will be subjected to three levels of degradation by
randomising a percentage of the sample points in each irrelevant speech
sound (0%, 30% and 50% noise). Degraded speech may have been less
disruptive of serial recall relative to clear speech in experiment 1b
(chapter 5) because the identification of the vowels which changed

between the degraded non-words was reduced. Although the consonants
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of these degraded non-words were misperceived more than the vowels,

vowels were still misperceived.

Three possible outcomes can be predicted on the basis of previous
research which has identified sequences of V-O-C syllables to be more
disruptive of serial recall than sequences of C-O-C syllables (Hughes et
al., 2005). If vowel ‘changes’ are the dominant source of disruption, one
outcome is that an equivalent linear function for the relationship between
degradation and serial recall performance would be demonstrated by
both types of changing irrelevant sequences, but where V-O-C streams
would be more detrimental to immediate serial memory than C-O-C

streams.

Second, a shallow linear function for the relationship between
degradation and serial recall disruption may be observed when
sequences in which only the vowels change are implemented as
irrelevant sound. This can be predicted on the basis of the resistance of
vowels to signal degradation, in that consonant recognition is more
sensitive to the degradation of temporal cues than is vowel recognition
(Drullman, Festen and Plomp, 1994). A shallower linear function for the
relationship between degradation and serial recall interference when V-
O-C sequences are degraded by degrees would indicate a higher level of
serial recall interference at each level of degradation due to the vowels
changing from syllable-to-syllable. In contrast, an irrelevant C-O-C
stream would be expected to produce a steep linear degradation function
due to the greater effect phonological degradation has on consonant
intelligibility as found in experiment 1b (experiment 1b, chapter 5) and
because of the suggested greater degradation of the memory
representations of consonant phonemes (Surprenant and Neath, 1996).
Figure 12 shows a graphical representation of this predicted relationship

between stimulus degradation and serial recall performance for V-O-C

and C-O-C sequences.
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6.3 EXPERIMENT 2: METHODOLOGICAL
CONSIDERATIONS

6.3.1 Participants

30 undergraduate student volunteers took part in the study. The
participants used had English as their first language and each reported
normal hearing and normal or corrected-to-normal vision. They were not

paid for their time.

6.3.2 Stimuli

6.3.2.1 Visual stimuli

The digit lists for the serial recall task where constructed in the
same way and were presented serially on a VDU as described in chapter

3 (appendix 22).

6.3.2.2 Auditory stimuli

150 CVC non-words were recorded digitally at a sampling rate of
22.5 KHz and to a resolution of 16 bits. The non-words were edited using
the sound editing software Cool Edit Pro 1.2 (Syntrillium Software
Corporation) as described chapter 3 (p90). For 75 of these non-words,
only the vowel changed from item-to-item, for example gam (g {m), gim
(gIm), gem (gEm), gom (gQm), and garm (g£m). These are referred to as
vowel-only-changing (V-O-C) sequences. For the other 75 non-words
only the consonants changed from item-to-item and the vowel remained
fixed creating consonant-only-changing (C-O-C) sequences, such as baysh
(b1S), fayv (£1v), gayd (g1d), tayn (t1n), and wayth (w1D) (see appendix 5
for examples of disc phonetic symbols). Both the V-O-C and C-O-C CVC

syllables were organised into 15 streams of seven monosyllables
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(appendix 23). For each of the V-O-C and C-O-C speech sequences, two
additional versions were generated by digital signal processing as was
implemented in experiments 1a and 1b (chapter 5, for details see p 98,
chapter 4) to form a set of degraded non-words at two levels of
degradation for both classes of syllable. The non-words for both types of
sound were degraded at a SNR of 0.7 (30% of samples within the signal
were randomised) and 0.5 (50% of samples within the signal were

randomised). Three levels of degradation were therefore prepared: 0%,

30% and 50%.

6.3.4 Design and procedure

A repeated measures design was used as all participants
undertook the recall task in all auditory conditions. There were two
repeated measures factors, type of sound (C-O-C and V-O-C speech) and
degradation level (0%, 30% and 50% noise). Therefore, participants
undertook 6 different conditions. There were 90 trials in total, 15 for each
condition. Presentation of conditions was quasi-randomised from trial-
to-trial, such that every condition was presented before any one was
repeated. As there was a large number of trials the experiment session
was split into 3 blocks of 30 trials each with a break after each block
controlled by the participant. Participants began each block of trials and
moved through trials by pressing the ‘space bar’. The presentation of the
sounds and digits and the general procedure for the memory task was as

detailed in chapter 3.
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Inspection of figure 13 clearly shows the line representing the C-O-
C speech is relatively flat. That is, it looks as though the level of
degradation does not influence recall performance when C-O-C speech
acts as irrelevant speech. The line representing the V-O-C speech
condition has a negative slope up to the 30% level of degradation,
indicating as degradation is increased, the number of recall errors
decreases. However, the graph indicates no difference between the
disruptive effect of V-O-C speech sounds degraded by 30% and 50%
noise. Further, the performance level for serial recall dropped in the
presence of V-O-C speech degraded with a SNR of 0.7 (30% noise) to a
level that was equivalent to that produced by C-O-C speech. Figure 13
indicates there is a slight trend in one of the predicted directions (see
p131). That is the size of the ISE is reduced when V-O-C speech is
degraded, whereas degrading C-O-C speech has no effect as changing
vowels provide the dominant source of disruption in speech (Hughes et

al., 2005).

The two factors of sound type (C-O-C and V-O-C speech) and
degradation level (0%, 30% and 50% noise) were subjected to a two-way
repeated measures analysis of variance (ANOVA). The disruption
produced by clear V-O-C speech was greater than that produced by C-O-
C speech [F (1, 29) = 7.822, MSE = 231.200, p < 0.05]. The main effect of
degradation level was not significant [F (2, 58) = 0.917, MSE =24.172,p <
0.405] and the two factors, type of sound and degradation level did not
interact significantly [F (2, 58) = 2.479, MSE = 80.517 p < 0.093]. Power
analysis indicates ample power to detect an effect of the type of sound
presented (0.771), but not the effect of degradation level on both types of
sound (0.201) and the interaction between type of sound and level of
degradation (0.479). As revealed by the absence of an interaction
between type of sound and degradation level there was no difference
between clear V-O-C speech and V-O-C speech degraded at 30% and 50%
noise. V-O-C speech degraded at 30% and 50% noise disrupted serial

136



recall to the same extent. Although type of sound and degradation level
did not interact significantly, a t-test with bonferroni correction was
carried out to see if the difference between the effect of clear V-O-C
speech and V-O-C speech degraded at 30% noise (0.7 SNR) approached
significance, as is indicated by figure 13. The difference between clear V-
O-C speech and V-O-C speech degraded by 30% noise did indeed
approach significance (p < 0.062). The absence of an interaction between
type of sound and degradation level also showed that clear C-O-C speech
did not differ in its effect on serial memory from C-O-C speech degraded
at 0.7 SNR (30% noise) (p < 0.971) or 0.5 (50% noise) (p < 1.000). Also, no

difference was found between C-O-C speech degraded at 30% and 50%
noise (appendix 24).
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conducted using tests of simple main effects for the pooled effect of
degradation level on V-O-C and C-O-C speech tokens. A significant
difference was found between clear and degraded V-O-C-speech [t (29) =
2.274, p < 0.05], but there was no difference between clear and degraded
C-O-C speech [t (29) = -0.581, p < 0.566] (appendix 26). Therefore, it is
clear that the effect of degradation is stronger within the V-O-C irrelevant

speech condition.

6.6 DISCUSSION

The finding that sequences of CVC syllables that exhibit vowel
contrasts only are more disruptive of serial recall than sequences made of
only consonant contrasts replicates the findings of Hughes et al (2005).
The fact that there was no reliable difference in disruption between the C-
O-C speech sequences at the three different levels of degradation can be
explained in light of recent research. Hughes et al (2005) found no
reliable difference between sequences of CVC syllables that demonstrated
a change in the initial or final consonant and a steady-state condition of a
repeated CVC. However, a significant difference was observed between
the steady-state condition and a silent control. If consonant contrasts
within an unattended auditory stream do not produce an ISE different
from a steady-state condition then degrading this type of sequence would
not produce a reduction in the magnitude of the ISE. If it is assumed that
performance was already at ceiling for the presentation of clear C-O-C
speech sequences, participant’s memory performance would not get any
better as the level of degradation of this class of auditory stream

increased.

According to the CSH, whether the vowels are changing and the
consonants remain fixed or the consonants are changing and the vowels
remain fixed, both are changing state stimuli. However, Hughes et al’s

(2005) data suggests that changing consonants do not seem to exhibit the
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necessary acoustic changes to produce an ISE that is statistically different
from a steady-state condition. In addition, the data of the present
experiment show that degrading consonants and thereby reducing the
amount of acoustic variation a stream of C-O-C speech conveys, has no
effect on the ISE. In contrast, vowel contrasting CVC sequences do seem
to exhibit the necessary acoustic changes and thus degradation results in

the attenuation of disruption produced by their presentation.

With regards to the phonetic content of speech, vowels seem to be
of key importance. The results can be explained by the CSH hypothesis
which encompasses an ‘interference by process’” account (Jones and
Tremblay, 2000). The CSH argues the magnitude of the ISE is dictated by
the extent to which the irrelevant sound sequences automatically
generate information about the order of their sound tokens. It has been
shown that in order for a sound stream to elicit serial order cues the
sequence must demonstrate acoustic change between adjacent items (e.g.
Jones et al., 1992). Further, these acoustic variations must occur on a
common ground (Jones et al., 1999a; Jones et al., 1999b). One example
emphasising the importance of change occurring on an attribute common
to the irrelevant sounds is when the spatial location of the irrelevant
sounds is manipulated. If acoustic variation occurs at different spatial
locations so that one sound is presented to the left ear, one at the centre of
the head and one at the right ear, the level of interference is not only
reduced, but reduced to a level that does not differ statistically from a
steady-state condition (e.g. Jones and Macken, 1995a). The reduction in
the size of the ISE is observed because when sounds are presented such
that they traverse different spatial locations, the sequence of sounds
segregate and multiple streams of identical repeated (steady-state)
sounds are formed. Therefore, if sounds are perceived as coming from
the same location in space they will form a coherent changing-state

stream, a condition necessary for the observation of an ISE (Jones et al.,

1999D).
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Hughes et al (2005) suggest the importance of change between
adjacent items occurring on an attribute common to the sounds in an
irrelevant sequence may explain the different effect vowel and consonant
variations have on serial recall. Research into the perceptual organisation
of speech sounds indicates that the integration of speech sounds
produced by the same voice over time is afforded by a similarity between
the periodic phonated vowel sounds (Bregman, 1990). Hughes et al (2005)
argue this common ground shared by the irrelevant speech sounds could
be provided by an attribute of the changing vowels, for example the
fundamental frequency (f0) and formant structure of speech tokens

produced by the same talker over time.

Further evidence supporting that change on a common ground,
afforded by the periodic vowels, aids the perceptual system to maintain
the temporal order of sounds is provided by research into the temporal
order judgement of syllables. There is evidence for the importance of
vowel transitions in maintaining the temporal order of speech sounds in
natural speech. It has been demonstrated that listeners are better able to
judge the temporal order of a series of auditory loops of Consonant-
Vowel (CV) syllables conveying vowel transitions. The frequency
transitions into and out of vowels are the product of vocal tract glides
from one place of articulation to another (Moore, 2004). Each consonant
phoneme exhibits invariant shaped noise, which provides a cue to place
of articulation and aids in their perception and is accompanied by a
vowel transition. These frequency transitions aid in the perceptual
organisation and integration of speech sounds produced by the same
voice over time (Moore, 2004). If the consonant noise (energy) is spliced
onto the steady-state portion of the CV syllable and the vowel transition
is removed then although the sounds when heard in isolation are
intelligible, when repeated in an auditory loop the consonant noise

segregates from the steady-state vowel after two or three repetitions

(Cole and Scott, 1973).
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Cole and Scott (1973) played taped loops of 4 sounds to listeners
and asked them to judge the order of the sounds. Three types of auditory
Joops were used (1) consonant noise removed from Consonant-Vowel
(CV) syllables (2) CV syllables consisting of consonant noise and the first
75 msec of the vowels, including vowel transitions and (3) CV syllables
without the vowel transitions made of consonant noise and 75msec of
steady-state vowel. Listeners made more errors in judging the order of
tranistionless syllables than they did when presented with normal CV’s
of the same duration. However, the order of auditory loops composed of
consonant noise only was judged most inaccurately. The CSH predicts
that it is the ease with which streams of irrelevant sounds generate serial
order cues that dictate their disruptive potency (Jones et al., 1999a; Jones
et al., 1999b; Jones and Tremblay, 2000). In essence the vowel transitions
within the CVC syllable sound stream will help preserve the order of the
CVC syllables within the sequence. These transitions hold adjacent
segments of sound which differ in their spectral characteristics, such as
vowels and consonants. However, although vowel transitions are present
within the C-O-C CVC streams of the present experiment, it is reasonable
to assume that this perceptual aid to temporal order maintenance is not
enough to maintain the magnitude of the ISE since the vowels do not
differ from item-to—item and C-O-C sequences are not as disruptive as V-
O-C sequences. Therefore, it may be that frequency transitions into and
out of vowels that change from item-to-item help the perceptual system

to maintain the order of V-O-C items in irrelevant sequences of speech.

Research into the serial recall of V-O-C and C-O-C sequences has
shown that V-O-C sequences are recalled in their serial order better than
C-O-C sequences (Suprenant and Neath, 1996). Hughes et al (2005)
suggest that the recall advantage for sequences of speech items in which
the vowels change from item-to-item is the product of stronger serial
recall cues elicited when vowels are rehearsed. The pre-attentive

obligatory encoding of irrelevant order information is argued to conflict
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with the retention and maintenance of the order of the TBR items (e.g.,
Jones and Tremblay, 2000). That vowels have been found to provide
more cues to their serial order than do consonants can account for why V-
O-C speech is more disruptive than C-O-C speech. The degradation of V-
O-C speech may lead to the degradation of serial order cues elicited by
changing vowels, which would account for why in the presence of
degraded vowels serial recall performance dropped to a level similar to

that observed under clear and degraded C-O-C speech.

6.7 ACOUSTIC FEATURES OF CONSONANTS AND
VOWELS

The finding that vowel changes are more disruptive of immediate
memory than consonant changes may also be explained with reference to
the difference in their “acoustic structure” and how they are processed by
the auditory system. The acoustic cues that distinguish consonants and
vowels differ. The acoustic patterns of vowels vary broadly along steady-
state acoustic cues, such as formant frequency and in the case of natural
vowels; these additionally vary along rapidly-changing acoustic cues
(Schouten and Van Hessen, 1992). Stop-consonants, in contrast, convey
rapidly-changing transient acoustic cues and are therefore mostly
distinguished by fine temporal distinctions such as Voice-Onset-Time
(VOT) and rapid formant transitions (Mirman, Holt and McClelland,
2004). In the case of CVC syllables these rapid formant transitions occur
into and out of the vowel portion of the syllable. It follows, that an
auditory sequence consisting of only vowel contrasts may produce more
interference than sequences depicting contrasts in consonants only
because of general differences between processing steady-state and
rapidly-changing acoustic cues as well as their subsequent duration as

representations in working memory.
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6.8 PROCESSING OF RAPIDLY-CHANGING AND STEADY-
STATE ACOUSTIC CUES.

The processing of rapidly-changing sounds is lateralised
predominantly in the left hemisphere compared to the processing of
steady-state sounds, a finding supported by studies into human
perception of different types of speech stimuli (e.g. Allard and Scott, 1975)
and one that is analogous to that seen with perception of non-speech
stimuli (Belin et al., 1998). This auditory processing difference between
sounds defined broadly by steady-state information and those defined by
rapidly-changing acoustic cues has been explained in terms of different
temporal integration windows in the left and right auditory cortices
(Poeppel, 2003). Poeppel proposes a short temporal integration window
(20-40ms) is used during left auditory cortical processing. In contrast,
auditory cortical processing in the right auditory cortex uses a longer
temporal integration window (150-300ms). The processing of rapidly-
changing cues is left hemisphere dominant as these cues require a shorter
temporal integration window, whereas analysis of steady-state
information requires a longer temporal integration window and is

primarily performed by the right hemisphere.

When pairs of vowels are presented concurrently to both ears they
show a left-ear (right-hemisphere) advantage, whereas consonants show
a right-ear (left-hemisphere) advantage (Shankweiller and Studdert-
Kennedy, 1967). This relates to the work of Hadlington, Bridges and
Darby (2004) and Hadlington, Bridges and Beaman (2006) who
demonstrated a left-ear disadvantage (LED) for the presentation of
irrelevant information, by varying the spatial location in which the
irrelevant sounds were presented. The finding that irrelevant tones and
spoken consonants presented to the left ear was significantly more
disruptive of serial recall than that presented to the right ear, indicates

that the right hemisphere plays an important role in the ISE. This LED
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for speech and non-speech sounds (Hadlington et al, 2004; 2006) may be
explained with reference to the fact that these stimuli demonstrated
steady-state acoustic cues which have been shown to be processed more

efficiently in the right hemisphere (Poeppel, 2003).

For the speech sounds of the present experiment, the changing
vowel information provided by V-O-C syllables did consist of
acoustically complex steady-state information, and more importantly,
changes in steady-state information between syllables. Therefore the
critical item-to-item changes occurring on V-O-C syllables would be
processed more efficiently by the right hemisphere, and thus more
detrimental of serial recall when presented as irrelevant sound. Again,
stronger cues to the temporal order of the irrelevant sounds would be
generated by vowel changes. These as a consequence would conflict with
cues pointing to the order of the visual digits to a higher degree than

would cues elicited by consonant changes.

The difference between the disruptive effect of vowel changes
compared to consonant changes can be explained with reference to
research findings regarding the serial recall of attended-to vowel and
consonant contrasting sequences. Sequences of V-O-C syllables have
been found to be better recalled than series of C-O-C syllables (Cole, 1973;
Surprenant and Neath, 1996). Several theories have been implemented as
frameworks in which to attempt to explain the superiority of vowel

changes in memory.

6.9 PRECATEGORICAL ACOUSTIC STORE

The precategorical acoustic Store (PAS) (Crowder and Morton,
1969) is a sensory memory system dedicated to the storage of acoustic
information. PAS has been used to account for the recall advantage

observed for V-O-C syllables in contrast to C-O-C syllables. PAS acts as a
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sensory acoustic store which holds acoustic information about the last
one or two auditory items of a sequence of sounds in an unanalysed,
hence ‘precategorical” form. Crowder and Morton (1969) say that the
analysed acoustic representations are stored for short periods of time,
approximately two seconds. Items decay over time and new incoming
items that are acoustically similar interfere with those already present
within PAS. Better recall of vowels relative to consonants has been
suggested to occur because vowels are preserved in acoustic storage more

efficiently than are consonants (Crowder, 1973).

The modality effect refers to the difference in recall observed for
auditory and visual item lists. When lists of spoken items are presented,
participants remember the first few items (primacy effect) and the last
few items (recency effect) better relative to the middle list items (Penney,
1989). The finding that the last few items of a verbal sequence are more
likely to be recalled when the sequence is presented in the auditory
modality as opposed to the visual modality is referred to as the ‘auditory
recency effect’ (Crowder and Morton, 1969). Cole (1973) found a more
pronounced recency effect for V-O-C sequences compared to C-O-C
sequences. The C-O-C lists varied only in a stop-consonant. In addition,
Cole (1973) also found a more pronounced primacy effect for V-O-C
sequences relative to C-O-C sequences. When presented with a sequence
of syllables, participants can retrieve vowel information of the final
syllables from PAS, but cannot do so as readily for consonants as these
decay from the acoustic store more rapidly. Crowder (1973) argues that
because consonants (exhibiting transient noise) decay at a faster rate in
PAS than do vowels (conveying steady-state information), there will be
more information pointing to token identity when stimuli are vowels as
opposed to consonants. In support of the faster decay of consonants, but
not vowels in PAS, Cole, Sales and Haber (1974) found more accurate
recall of spoken vowels than consonants following a delay period of 5 or

15sec of mental arithmetic before the recall phase.
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PAS has been shown not to provide an adequate account of
auditory memory effects. The suffix effect refers to the reduction in the
auditory recency effect when an additional item resembling speech
occurs at the end of a TBR list, but which participants are told to ignore
(Morton, Crowder and Prussin, 1971). Crowder and Morton (1969)
propose information held in PAS decays over time and can be
overwritten by new items entering the store. The stimulus suffix is
argued to overwrite the last few items held in PAS. However, research
shows that the memory effects associated with PAS are not acoustically
based, as modality effects have been demonstrated with lip-read stimuli
(Nairne and Crowder, 1982). In addition, the stimulus suffix effect has
been shown to be context-dependent. Neath, Surprenant and Crowder
(1993) presented participants with lists of words followed by the stimulus
suffix ‘baa’. Participants were either instructed that the sound was
produced by a human or a sheep. A larger suffix effect was found when
the stimulus suffix was interpreted as speech as opposed to non-speech,
even though the suffix was the same physical (acoustic) item in both

conditions.

6.10 CATEGORICAL PERCEPTION

An alternative explanation for the maintenance of the auditory
memory code for vowels has been drawn from theory relating to
categorical perception (Surprenant and Neath, 1996). As this theory
provides an explanation for why V-O-C syllables are recalled in serial
order more accurately than C-O-C syllables, it can be used to account for
the greater disruptive effect of irrelevant sequences featuring changing
vowels as opposed to consonants between items. Here, participants
participate in two tasks, an identification task and a discrimination task.
The sounds used are normally synthesised sounds and are made by
altering one parameter, such as voice-onset-time (VOT) in a number of

equal steps along a continuum between two speech sounds. VOT is the
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time interval between the first release of air on production of a consonant
and the start of voicing, the duration of which is systematically
lengthened along the continua. For example, two stop consonants would
be arranged at either end of a continuum and small acoustic changes
occur from one sound into the next (Pisoni, 1973). During the
identification task, listeners are asked to classify each sound into one of
two categories. That is, when each acoustically varied sound is presented,
it is either heard or categorised as one sound or the other. A
discrimination curve is generated on the basis of discrimination
judgements regarding whether two sounds are the same or different

during the identification task (Pisoni, 1973).

The discrimination task often used is an ABX discrimination task.
Listeners hear two sounds, sound A and B and are then asked to decide
whether a third sound presented, sound X is the same as sound A or B.
Observed discrimination of stimuli is then compared with discrimination
performance predicted by categorisation data. Stop consonant continua
exhibit sharp categorisation boundaries and their discrimination is well
predicted by categorisation (Liberman et al., 1957). It follows that good
discrimination performance occurs across the category boundary as these
stimuli are always given different category labels. For consonants,
continua of sounds demonstrate categorical perception because the
sounds within a category (determined during the identification task) are
discriminated at chance levels. Therefore, the stimuli along the continua
are grouped into different categories and predict poor within-category
discrimination performance. This is because all acoustic stimuli of a

category are given the same category label (Liberman et al., 1957).

Those sounds classified into different categories, as demonstrated
by the perception of vowels, are easily discriminated. Vowels are
therefore perceived relatively continuously, even though the physical

differences between sounds along the continuum (within and between
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categories) are the same. Vowels bring about categorisation functions
that are not as sharp as that observed for stop consonants. For vowels,
observed discrimination of stimuli identified across the stimulus
continuum as belonging to different categories exceeds discrimination
performance predicted by categorisation (Pisoni, 1975). This is due in
part to the ambiguous nature of vowel sounds and so when two vowel
sounds are presented they will sometimes be labelled as the same sounds

or different sounds (Pisoni, 1973).

The categorical perception of stop consonants that are defined by
transient acoustic cues and the relatively continuous perception of vowels
which are characterised broadly by steady-state information have been
found with non-speech stimuli (Mirman, Holt and McClelland, 2004). It
follows that categorisation of non-speech stimuli that vary on a rapidly
changing cue demonstrate a sharp category boundary whereas stimuli
varying along a steady-state cue are less well categorised, but better
discriminated. Non-speech stimuli which varied along both transient
and steady-state cues, reminiscent of natural dynamic vowels
demonstrated a sharp category boundary and were accurately

discriminated (Mirman, Holt and McClelland, 2004).

A dual-code theory (c.f. Pisoni, 1973) explains the categorical
perception of consonants relative to the continuous perception of vowels
by assuming the existence of two memory codes, an auditory and a
phonetic memory code when a speech sound is heard. To allow the
listener to discriminate between two speech sounds, the phonetic codes of
the stimuli have to be compared first. If the phonetic codes are different
the listener successfully discriminates between the two sounds. However,
if they are the same, as in the sounds belong to the same category; the
listener has to rely on the auditory code to make the discrimination.
Consonants are categorically perceived because they convey transient

noise and so the auditory store in memory can only make use of phonetic
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identity cues in order to discriminate between stimuli. In contrast, the
steady-state information of vowels is held for longer within the auditory
store and is more resilient and useful to a listener when making within-

category discriminations.

6.11 THE RELATIONSHIP BETWEEN DISCRIMINABILITY
AND SERIAL RECALL PERFORMANCE

Surprenant and Neath (1996) showed that the link between
discriminability and how well items are recalled is not straightforward.
They presented participants with CVC syllables in which only the vowel
changed or a series of syllables in which only the initial stop consonant
changed and the vowel and final consonant remained fixed. In addition,
due to the acoustic differences between consonants and vowels, a series
of silent-centre CVC syllables were presented. The silent-centre syllables
were the same as the vowel-only contrasting syllables, but the steady-
state part of the speech signal was removed by the centre part of the
vowel being replaced by silence. Silent-centre syllables consist of an
initial and final consonant and the rapidly changing formant transitions
into and out of the vowel, but practically no steady-state information
(Surprenant and Neath, 1996). The series of experiments conducted
featured an identification phase and a recall phase. No difference
between the identification of consonants and silent-centre syllables was
found and there was no difference in overall recall of these items.
Identification and recall of the vowels was statistically better (Surprenant

and Neath, 1996).

The discriminability of consonants and vowels was also
manipulated, so that consonants were identified better by manipulating
the intensity of noise added to them (Surprenant and Neath, 1996). Serial
recall of V-O-C syllables was slightly better than C-O-C syllables, though

this difference was not statistically reliable and so recall of V-O-C syllable
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sequences was statistically equivalent to that of C-O-C syllable sequences.
The identification of vowels and consonants was better than

identification of the silent-centre syllables, and the recall of the silent-
centre syllables was worse than that of V-O-C syllables but did not differ
from C-O-C syllables. In addition, Surprenant and Neath (1996)
manipulated the stimuli so that the silent-centre syllables would be
identified better than the V-O-C syllables. Even so, recall of V-O-C
syllables was better than silent-centre syllables, though the difference was
not reliable. This lead Surprenant and Neath (1996) to assume memory
performance is predicted by the relative discriminabilty of the memory
code of an item as opposed to the relative discriminability of the physical

stimulus itself, which is the foundation for Nairne’s (1990) feature model.

The feature model proposes the TBR items consist of modality-
dependent features, which represent presentation modality and acoustic
information and modality-independent features brought about by
identification and categorisation of the items themselves. The modality-
independent features of items presented visually or auditorily will be
equivalent. The number of modality-dependent features is assumed not
to differ for consonants and vowels (Nairne, 1988). Surprenant and
Neath (1996) explain the slightly better serial recall of less discriminable
V-O-C syllables relative to C-O-C syllables within the framework of
Nairne’s (1990) feature model. As far as identification performance goes,
with the addition of more noise to an auditory token, its modality-
dependent features are degraded. Serial recall of these items is therefore
nearly entirely dependent on modality-independent features. As
Surprenant and Neath (1996) demonstrated V-O-C syllables were
discriminated less well than the C-O-C syllables when more noise was
added to these items. However, V-O-C syllables were better serially
recalled, though this difference was not reliable. A more resilient
representation of items is required in memory. Surprenant and Neath

(1996) argue that when identifying the vowel-only contrasting syllables
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during the identification phase the corresponding memory
representations generated, represented by the modality-independent
features, were themselves more discriminable. Surprenant and Neath
(1996) assume the verbal label or name of the TBR syllables reflect the
memory representations and suggest the verbal labels of the C-O-C
syllables are less discriminable than the verbal labels of the V-O-C syllables.
However, the difference between serial recall performance of V-O-C
syllables and C-O-C syllables was not significant. Therefore, the
advantage in serial recall found for V-O-C speech streams may be a
product of the discreteness demonstrated by the vowel changes which is

reflected by the modality-dependent features.

Nairne’s (1990) feature model can in turn provide an explanation
for the different effect of task-irrelevant auditory V-O-C and C-O-C
syllables on immediate serial recall. The same number of modality-
dependent features should exist for vowels and stop consonants (Nairne,
1988). But, the similarity of the modality-dependent (physical) features
defining stop consonants will be greater, rendering them less
discriminable. Vowels on the other hand convey more discrete modality-
dependent cues and are better discriminated (Nairne, 1988). This would
explain reduced serial recall performance for consonants relative to
vowels (Surprenant and Neath, 1996) and explain less serial recall
interference by C-O-C speech relative to V-O-C speech. Consonants,
which are less discrete, will generate weaker cues to their serial order and

therefore conflict less with the seriation of TBR items.

If modality-dependent features of V-O-C syllables that have been
degraded by noise are not as useful this may account for why serial recall
performance in the presence of degraded V-O-C syllables was reduced to
a level that was similar to that observed in the presence of clear C-O-C
syllables. Surprenant and Neath (1996) use the feature model to explain

the difference in consonant and vowel perception observed in the
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categorical perception paradigm. Categorical perception of consonants
occurs because the physical modality-dependent features they convey are
not as useful for discrimination as they are for vowels. A small change
acoustically will result in an altered perception of vowel identity,
whereas only around the category boundary will a similar change alter
the perception of a consonant. Degradation of the vowels in the V-O-C
syllables in the present experiment may have degraded the modality-
dependent features of the vowels such that they became less distinct and
similar to those of consonants which are not as useful for discrimination.
It follows that the memory representations of degraded V-O-C syllables
may have been less durable in short-term memory (STM) and similar to
C-O-C item representations. As a consequence, the CSH would argue
that weaker cues to the temporal order of the degraded V-O-C sounds are
generated and seriation of the visual digit lists is disrupted at a degree
equivalent to that observed in the presence of irrelevant C-O-C syllables.
By this argument, it is the acoustic-based discriminabilty of the memory
representations which is important in determining the strength of serial

order cues elicited by irrelevant sounds.

6.12 SUMMARY

In the context of the present findings, irrelevant auditory
sequences exhibiting vowel contrasts only may be more disruptive than
sequences depicting only consonant contrasts because the changing
steady-state information across the changing vowels in the stream of
CVC syllables is processed more efficiently in the right hemisphere
(Poeppel, 2003). It is the right hemisphere that research identifies as
important in the occurrence of the ISE (Hadlington et al., 2004; 2006).

The greater disruptive potency of changes only in the vowels of
CVC syllables can also be accounted for with reference to the change-on-

a-common-ground rule. For an irrelevant sound stream to elicit serial
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order cues the sequence must demonstrate acoustic change between
successive sounds (Jones et al., 1992). These acoustic variations must
occur on a common ground (Jones et al., 1999a; Jones et al., 1999b). If
acoustic variation between irrelevant sounds exceeds a threshold of
change, such that the sounds are no longer perceived as one coherent
stream of discrete sounds, but as separate streams of identical sounds,
recall disruption is attenuated to a level equivalent to that found in a
steady-state condition (e.g. Jones and Macken, 1995b). The perceptual
system when integrating speech sounds produced by the same speaker
over time takes advantage of change occurring on a common ground
provided by the periodic vowel sounds and not the noisy aperiodic
consonants. This common ground in speech refers to a similarity shared
by the vowels, which Hughes et al (2005) suggest is a common

fundamental and /or formant structure.

Also within the framework of the feature model, vowel contrasting
syllables may result in more durable representations in memory. If V-O-
C syllables are clear and not subjected to degradation, Surprenant and
Neath (1996) argue they will have more useful modality-dependent
(physical) features as they are easily discriminated during identification
tasks. That vowels are more easily discriminated may account for the
better serial recall of V-O-C sequences relative to C-O-C sequences.
Degrading V-O-C syllables may have served to degrade the modality-
dependent features of the vowels, rendering them as useful as those of
consonants, which are discriminated less well (Surprenant and Neath,

1996).

Degraded V-O-C speech disrupts serial recall performance to a
level equivalent to that observed in the presence of both clear and
degraded versions C-O-C speech. This suggests that a degradation of the
acoustic information of vowels reduces their discreteness and their ability

to disrupt serial recall. The finding of no reliable difference between
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both levels of degraded vowel contrasting sequences can be explained by
the fact that vowels are more resistant to degradation by signal-
correlated-noise (SCN). As degradation had no effect on consonants,
even when the mean serial recall errors for both degraded versions were
pooled suggests that serial recall performance was at ceiling and was not
improved by degrading C-O-C speech items. However, pooling the data
from the degraded V-O-C conditions resulted in a reliable difference
between clear and degraded V-O-C sequences. Again, degrading the V-
O-C speech reduced its disruptiveness to a level that was similar to that
seen in C-O-C speech. Vowels therefore seem to be the most important
phonemic component to change within the irrelevant auditory stream
and it may be that phonological degradation has an effect on the relative
discriminability of the physical features of irrelevant vowel sounds and

their non-echoic representations formed in memory.
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CHAPTER 7

7 ROLE OF FORMANT CHANGES BETWEEN SPEECH
SOUNDS: SERIAL RECALL DISRUPTION BY VOICED
SPEECH AND WHISPERED SPEECH

71 BACKGROUND

Experiment 2 (chapter 6) replicated the findings of Hughes et al
(2005) as vowel-only-changing (V-O-C) syllables disrupted serial recall
more than consonant-only-changing (C-O-C) syllables. In addition,
degrading V-O-C syllables reduced their disruptive effect on serial recall
to a level that was similar to disruption observed with C-O-C sequences.
Hughes et al (2005) suggest that in light of the finding that V-O-C
syllables are better recalled in serial order than are C-O-C syllable
(Surprenant and Neath, 1996), V-O-C syllables are more disruptive of

serial recall because they provide stronger cues to their serial order.

The present experiment aims to examine the effect of voiced
speech and whispers on immediate serial recall. Whispered speech does
not convey the periodic information that voiced speech does. It follows
that acoustically, voiced and whispered speech differs in a number of
respects. In order to make these acoustical differences apparent, it is
useful to consider the mechanisms and physiological structures used

during speech production when speech is voiced and whispered.
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7.2 SPEECH PRODUCTION

The airways of the mouth, noise and pharynx form the
supralaryngeal vocal tract isee figure 15). This acts like a changeable
acoustic filter as the speaker changes the shape of their vocal tract during
speech production and filters the source of energy (air flow) provided by
the subglottal component and workings of the larynx (Yost, 2000). This
set of filters are set in motion by a pulsating sound pressure wave dueto
the workings of the vocal folds (Yost, 2000) end provides speech with its
acoustic properties, that of spectral and temporal changes. More acoustic
energy isallowed throughat particular frequencies as the vocal tract
resonates, known as formant frequencies. Formant frequencies are a

resull of the length and shape of the voual act (Muonis and Clements,

2002).

Figure 15 has been removed from the digitized
thesis for copyright reasons.



7.3 ACOUSTIC CHARACTERISTICS OF VOICED SPEECH

Voiced sounds are periodic sounds. The vocal folds of the larynx
modulate the flow of air from the lungs as they vibrate and the source of
the periodic sound is at the glottis, the horizontal space between the vocal
folds (see figure 15). As the vocal folds vibrate the resonant frequency
ranges of the vocal tract are excited and therefore the vocal tract acts as a
filter of the sound (Morris and Clements, 2002). The same pattern repeats
regularly and is almost the same throughout the waveform. The ‘period’
refers to the duration of one complete cycle of the pattern of a periodic
waveform. The rate at which the vocal folds open and close as a product
of vocal fold vibration at the larynx determines the period, and therefore
the fundamental frequency (f0) of the air flowing through the glottal
constriction (Moore, 2004). Therefore, f0 reflects the frequency of the
glottal pulses and is the acoustic consequence of vocal fold vibration. The
f0is usually the lowest frequency; hence the fundamental in a complex
signal and the perceptual correlate of f0 is pitch (Moore, 2004). It follows,
that as a result of faster glottal pulses, the higher the pitch the higher the

fo.

The periodic glottal waveform has energy only at the fundamental
frequency and its harmonics, which are integer multiples of the
fundamental frequency. For example if f0 is 100Hz, then the subsequent
harmonics would be 200Hz, 300Hz and so forth (Moore, 2004). Formants
are the energy peaks of the signal that determine the quality of voiced
sounds, for example vowels. Vowel quality, which refers to the
perceptible difference between vowel sounds, is determined by the
formant frequencies of the vowels (Lieberman, Blumstein, 1988).
Formants or formant areas as they are sometimes called are the result of
the vocal tract amplifying periodic sound at its resonant frequencies
(Morris and Clements, 2002). These formant frequencies can be

harmonics, but this is not necessarily the case as formants may be the
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product of overtones. Whereas harmonics are integer multiples of f0, an
overtone is any frequency above f0 (Moore, 2004). Therefore, all
harmonics are overtones, but not every overtone of a complex is a
harmonic. In speech sounds, the periodic sections are harmonically
complex and include highly variable distributions of energy over the
harmonics and formants produced by the vocal tract resonances

(Lieberman, Blumstein, 1988).

74 ACOUSTIC CHARACTERISTICS OF WHISPERED
SPEECH

In contrast to voiced speech, whispers are aperiodic and
phonetically voiceless. The pharynx is shaped so that the vocal folds do
not vibrate (Ito, Takeda and Itakura, 2005). During voicing, the posterior
component of the glottis is closed and phonation is at the anterior section.
In whispered speech the posterior section or the whole of the glottis is left
open and the source of sound is the noise provided by exhaled air
turbulently flowing through the glottal constriction (Lieberman and
Blumstein, 1988). The sound source tends to be spread across the lower
region of the vocal tract with power, which is 20dB lower than voiced
speech (Jovi¢i¢ and Dordevi¢, 1996). As the vocal folds do not vibrate the
waveform of a whisper does not convey a regular repeating pattern and
therefore there is no period, and fundamental frequency f0 is eliminated

from the signal (Morris and Clements, 2002).

Figure 16a and 16b display the waveforms of the speech signal for
the monosyllabic non-word /sof/ (s5f) when whispered and voiced
(see appendix 5 for examples of disc phonetic symbols). In contrast to
voiced speech, the amplitude of vowels is lower than that of consonants
in whispered speech. No vocal fold vibration accounts for this reduction

in amplitude.
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The absence of f0 leaves whispers without pitch information and
subsequently, there is no voice characterisation or identity of the speaker.
Even though whispered speech is aperiodic and f0 is absent, pitch can
still be perceived. Variations in perceived pitch have been linked with
the formant frequencies and bandwidths (Morris and Clements, 2002).
Further, formant shifts, particularly increases in the first formant
frequency (f1) have been observed (Higashikawa, Nakai, Sakakura and
Takahashi, 1996; Jovici¢, 1998).

7.5 AIMS AND OBJECTIVES

Voiced speech can be differentiated from whispered speech by it
having a richer fine structure due to the quasi-periodic portions of the
speech signal produced by phonation. The periodic portions of the
speech signal are provided by the vowel sounds and these provide the
common ground on which successive items need to change, whilst the
consonants provide the aperiodic noisy onsets and offsets of speech
sounds. However, the detrimental effect of acoustic changes occurring on
this common ground in speech has not been investigated. It is not clear
from existing data as to whether the removal of f0 information and
therefore periodicity of the speech sounds will improve serial recall
performance relative to performance observed when periodic sounds are

presented.

A sequence of voiced speech sounds would demonstrate more
acoustic complexity than a stream of whispered speech sounds. The CSH
therefore would predict the acoustic links between distinct adjacent
voiced items within the irrelevant stream will be stronger due to change
occurring on a common f0 and corresponding formant structure shared
by the voiced sounds. In contrast, a weakening of the acoustic cues

between sounds when the common fundamental of voicing, provided by
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f0 information, is absent would be predicted when the irrelevant speech

sounds are whispered.

The periodic information provided by the vowels is lost when
speech sounds are whispered (Morris and Clements, 2002). The higher
disruption of serial recall in the presence of V-O-C speech relative to C-O-
C speech (see experiment 2, chapter 6; Hughes et al., 2005) was attributed
to vowels providing more serial order cues than do consonants.
Therefore, if whispered the vowels of speech sounds may be less
disruptive of serial recall than those of voiced speech. In addition,
whispered speech conveys a weaker formant structure in comparison to
voiced speech which has a richer fine structure due to harmonicity as a
consequence of vocal fold vibration. Experiment 3 investigates the above
predictions of the CSH by examining the importance of f0 information.
The relative disruptive effect on serial recall of presenting sequences of
voiced speech sounds is compared to that observed in the presence of

whispered speech sounds.

7.6 EXPERIMENT 3: METHODOLOGICAL
CONSIDERATIONS

7.6.1 Participants

30 participants took part in the study. All reported normal hearing
and normal or corrected to normal vision. All participants had English as

their first language and were not paid for their time.

7.6.2 Stimuli

7.6.2.1Visual stimuli

Lists of digits to be recalled were constructed as outlined in

chapter 3 (appendix 1).
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7.6.2.2 Auditory stimuli

Seven non-words for both auditory conditions in this experiment
were recorded digitally, edited and presented as detailed in chapter 3
(p90). The non-words for both the voiced and whispered speech
conditions are displayed in appendix 27. The same non-words were used
in both speech conditions. The intelligibility of the whispered speech
sounds was screened in a pilot listening session of which 12 listeners took
part. All seven whispered non-words were identified correctly. This
experiment examined the effect of manipulating acoustic complexity
between irrelevant speech conditions (voiced and whispered speech)
whilst maintaining intelligibility. Therefore it was important that all
seven whispered non-words were 100% intelligible, so that the
intelligibility of stimuli in the voiced and whispered speech condition

was matched.

During whispering, the sound source is spread across the lower
region of the vocal tract. As a consequence whispers are totally noise
excited with 20 dB lower power than their voiced counterparts (Jovici¢
and Dordevi¢, 1996; Morris and Clements, 2002). In order to equate the
Root Mean Square (RMS) sound level of the voiced and whispered
speech sounds, the mean RMS sound level was calculated in 50msec
windows for both classes of speech sound. The RMS levels were matched
by amplifying the whispers and attenuating the sound level of the voiced
sounds, using Cool Edit Pro 1.2 (Syntrillium Software Corporation, 2000).

7.6.3 Design and procedure

The design and procedure was as detailed in the general procedural

outline of chapter 3 (p93).
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Silence Voiced Speech
Whispered speech v Non-sig
p <0.01 p <1.000
Voiced Speech v
XX
p <0.01

Table 12. Bonferroni corrected pairwise comparisons for the three experimental

conditions.

A one factor repeated measures ANOVA was performed on the
mean number of digits incorrectly recalled for the three levels of
irrelevant sound (voiced speech, whispered speech and silence)
(appendix 28). A main effect of sound was found, as serial recall was
significantly disrupted by irrelevant speech relative to a silent control (F
(2, 58) = 8.213, MSE = 1203.611, p < 0.01). Pairwise comparisons with
Bonferroni correction as detailed in table 12 show that voiced speech (p <
0.01) and whispered speech (p < 0.01) disrupted immediate memory
relative to a silent control, but there was no difference between voiced
and whispered speech (p < 1.000) (appendix 28). The data are
summarised in figure 19, which shows the overall level of recall collapsed

across serial position.
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The spectrogram for the voiced version of the non-word /curj/
(figure 20a) shows that due to periodicity of the voiced excitation,
harmonics can be seen in the frequency spectrum. The frequency spacing
of the harmonics is dictated by the fundamental frequency which could
be described as the pitch of the vocal fold vibrations. The f0 is depicted
by the low frequency energy present, which is indicative of voicing. The
spectrogram of /curj/ when whispered (figure 20b) however indicates no
low frequency energy due to the vocal folds not vibrating, resulting in the

absence of the f0 .

Upon further inspection of the spectrograms in figures 19a and 19b
it is clear that the formant frequencies and their transitions into and out
of the vowel are similar, this reflects the fact that the quality of the vowel
is the same. This indicates the formants of changing-state speech sounds
seem to provide the common ground across which change from item-to-
item must occur in order for speech to maintain its higher disruptive
power relative to degraded speech (e.g. Jones et al., 2000) and non-speech
sounds (e.g. Tremblay et al., 2000; Jones and Macken, 1993). Hughes et al
(2005) suggest that changes on a common fundamental and formant
structure is important but have not examined whether f0 information is
necessary in a signal or if the weaker formant structure present when f0
is absent is sufficient. The data here suggest that so long as formants in
speech and how they vary over time are preserved, whispers will disrupt

memory to the same extent as does voiced speech.

Time-varying changes in the frequencies of the lowest three
formants have been shown to aid the perception of vowel quality
(Strange, Jenkins and Johnson, 1983). Higher formants are present but
they are not necessary for the perception of vowel differences (Lieberman
and Blumstein, 1988). Hillenbrand (1995) observed lower identification
performance for synthesised vowels whose formant pattern was held

constant (flattened) over the time course of the vowel than vowels that
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maintained the natural changes in formant frequencies. A 15 %
reduction in identification accuracy for the vowels with ‘flattened” formant
tracks was found. This suggests that formant frequency changes are
important in the perceptual specification of American English vowels.
This corresponds with the intelligibility of the irrelevant sounds of the
present experiment. Participants demonstrated 100% correct
identification for both the voiced speech sounds and their whispered

counterparts.

Assmann and Katz (2000) found that time-varying changes in
formant frequencies have similar effects for the intelligibility of voiced
and whispered synthesised vowels. The removal of the time-varying
formant frequency changes and f0 on average lead to a reduction in
identification performance by 15% for whispered vowels and 17% for
voiced vowels. A similar attenuation in identification accuracy was
found for voiced and whispered vowels. In addition, removal of time
changes from the formant frequencies led to a substantial reduction in
identification accuracy for all speaker groups, for example, males,
females and children. Tartter’s (1991) data suggests that formant
dynamics inherent in the formant pattern can serve to aid the
discrimination (disambiguate) between vowels. The time variations in
the formant pattern have been maintained in the whispers used in the
present experiment, though they are weaker in their structure due to a
lack in harmonicity. This is in line with the CSH account of the ISE that
sound sequences where adjacent sounds are mismatched and thus

distinguishable will interfere with immediate serial recall.

Tartter (1991) compared the intelligibility of voiced and whispered
vowels and found that whispered vowels are less intelligible than voiced
vowels using natural speech. Tartter (1991) demonstrated that this
reduction in identification accuracy was partly due to increased

confusions among vowels paired in the acoustic ‘vowel space’ defined by
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the first and second formant frequencies. However, pilot intelligibility
screening of the present experiment shows that the CVCs in this
experiment were 100% intelligible, and they affected serial recall equally.
In contrast to the findings of Tartter (1991), the vowels of the whispers
were 100% intelligible, as all seven whispered non-words were identified
correctly during a pilot listening session. It may be that for the CVC
syllables used, the articulation of the initial and final consonants helped
cue the identification of the vowels. That whispers and voiced sounds
disrupt memory the same and acoustic complexity is not equal but less
defined in the whispers suggests an effect of the intelligibility of speech
sounds. Intelligibility here refers to the identification of speech sounds,
as opposed to speech sounds being comprehendible, since it has been
shown that speech in a language unfamiliar to participants is as
disruptive of serial recall as speech that is in a language familiar to
participants (e.g. Jones et al., 1990). This is evidence against the
assumption that coherent sequences of changing-state sounds
demonstrating more acoustic change from item-to-item will be more
disruptive of serial recall (e.g. Jones et al., 1999a; Tremblay et al., 2000).
Whispered sounds are on average found to be less intelligible due to the
weaker structure of the formants (Tartter, 1991). It seems as long as
changing CVC sounds, whether whispered or voiced, are identified
correctly they will be equally as discrete and thus form distinguishable
codes in memory. These memory codes are argued to interfere with the

rehearsal of TBR items (Jones et al., 1996).

Katz and Assmann (2001) demonstrated that the lower
identification accuracy of whispered vowels compared to voiced vowels
is not due to the fact that whispered speech, in contrast to voiced speech,
has less energy at low frequencies. Data from this series, using a similar
experimental design to Assmann and Katz (2000) revealed an equivocal
attenuation in intelligibility of unvoiced (noise-excited) vowels which

maintained the spectral tilt features of the voiced vowels. The reduction
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in identification accuracy of whispered vowels was explained as to the
removal of periodicity and/or harmonicity. Intelligibility was matched
for the whispered and voiced speech sounds of the present experiment.
The removal of periodicity and harmonicity in the irrelevant whispered
speech did not produce an improvement in serial recall. Therefore, the f0
of voiced speech sounds does not provide the common ground on which
change needs to occur in order for speech to disrupt serial recall more

than non-speech sounds (e.g. Tremblay et al., 2000).

79 SUMMARY

The data from this experiment provides further evidence for the
suggestion that the magnitude of the ISE may be modulated by the
intelligibility of the speech sounds. When speech sounds are whispered
and therefore less acoustically complex, as long as they are as intelligible
as their voiced counterparts they will disrupt memory to an equivalent
degree. This provides evidence against the notion that the size of the ISE
is determined by the amount of acoustic variation between successive
items in an irrelevant auditory stream proposed by the CSH (e.g. Jones
and Macken, 1993). The results also support the finding that vowels,
when changing within a sequence, are the dominant source of disruption
(c.f. experiment 2; chapter 6; Hughes et al., 2005). The important role of
vowel changes would explain the observed equivalent effect of voiced
and whispered speech on serial recall performance as the formant
frequencies and transitions for both the whispered and voiced speech

sounds are similar, indicating preserved vowel quality.

Hughes et al (2005) have suggested that changes carried on an
attribute common to speech sounds produced by the same voice over
time provide the common ground which enables the perceptual system to
integrate speech sounds into a coherent stream. Hughes et al (2005)

suggest this common ground may be provided by f0 and/or the
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corresponding formant structure. The results of experiment 3 indicate
that f0 information is not the common attribute of speech sounds that can
account for the greater disruptive effect of speech, since when f0
information is removed when speech is whispered the ISE is not reduced.
It follows that the formant structure of speech sounds produced by the
same speaker over time may be the critical attribute on which change
from item-to-item in an irrelevant speech stream must occur in order for

speech to maintain its ability to disrupt serial recall more than non-

speech sounds.
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710 CONTRASTING THE EFFECTS ON SERIAL RECALL OF
VOICED SPEECH AND ALTERNATING BETWEEN VOICED
AND WHISPERED SPEECH IN AN IRRELEVANT STREAM

The CSH argues that a sequence of successive sounds that change
from item-to-item will be more disruptive than a sequence of identical
sounds (e.g. Jones and Macken, 1995a). As the amount of change
increases between each successive auditory item, the level of disruption it
produces also increases but up to a point, at which the level of change
reaches a threshold. Above this threshold of change the sequence of
sound is no longer heard as a single coherent changing-state stream,
rather it is heard as separate streams of a repeating sound (e.g. Jones and
Macken, 1995b; Jones et al 1999a; 1999b). This leads to the suggestion that
change between adjacent items must occur on a common ground (in the
case of the above example, spatial location). Hughes et al (2005) used the
change on a common ground principle to explain their finding that
sequences of CVC syllables in which only the vowels change are more
disruptive of serial recall than CVC syllables in which only the initial or
final consonants change from item-to-item in an irrelevant auditory

sequence.

Hughes et al (2005) infer f0 information and the formant structure
provided by the vowels, which are common to utterances spoken by the
same voice, may be the common ground across which change needs to
occur. Hughes et al (2005) do not make any predictions as to whether
change between adjacent items occurring on both the f0 and formant
structure of a speaker is necessary for speech to maintain its disruptive
potency. Also no predictions are made with regard to whether the
formant structure of speech sounds produced by the same speaker alone
would be sufficient for speech to be as disruptive as when f0 information

is present. Experiment 3 demonstrated that change occurring on the
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common fundamental of f0 information does not provide the common
ground on which change between adjacent sounds must occur, since
whispered speech was as disruptive as voiced speech. This result is
inconsistent with the assumption of Hughes et al (2005). Therefore,
acoustic change on f0 information and the resulting harmonicity and
periodicity provided by voiced speech sounds cannot account for the
greater disruptive nature of irrelevant changing-state sequences of speech
relative to changing-state non-speech sounds, such as sine wave speech,

whether perceived as speech or not (Tremblay et al., 2000) or cello notes

(Jones et al., 2000).

One inference that can be made from the findings of Experiment 3
is that the maintenance of formant frequency changes over time
(provided by the changing vowels) is used to a greater degree by the
perceptual system as the common ground on which to temporally
organise speech sounds produced by the same speaker than is f0
information. This inference is consistent with the interference by process
account put forward by the O-OER model which incorporates the CSH
(Jones and Tremblay, 2000). That is, the relative interference by irrelevant
sound is determined by its ability to pre-attentively and automatically
generate cues pointing to the order of its sound components. Acoustic
change is required in order for an irrelevant sound sequence to generate
competing serial order cues and these changes must occur on a common
ground (Jones et al., 1999a; 1999b). Acoustic change, as in the formant
frequency changes between successive intelligible whispered speech
sounds in experiment 3 would serve to yield the cues required by the
perceptual system to maintain their serial order. It follows that these cues
to the order of the irrelevant sounds are argued by the O-OER model to

conflict with the maintenance of cues that point to the serial order of the

TBR items (Jones and Tremblay, 2000).
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Contrasting the effects of voiced and whispered sequences of
speech sounds is one way of varying the amount of acoustic change
within an irrelevant speech stream. Another way is to further manipulate
the strength of the acoustic links between distinct sound tokens in an
irrelevant stream, which serve to preserve their temporal order by
manipulating whether or not successive speech sounds are voiced within

an irrelevant sequence.

711 AIMS AND OBJECTIVES

Experiment 4 examines the level of serial recall disruption
produced by sequences within which voiced and whispered speech
sounds are alternated, and sequences consisting of solely voiced speech
sounds. Two possible outcomes can be predicted from within the
framework of the CSH. First, alternating between voiced and whispered
speech would add more change to the irrelevant sequence and therefore
produce a larger ISE. This would be predicted as long as the sequence
was presented at a rate that would prevent segregation or fission of a
sequence into separate auditory streams of identical sounds (e.g. 1
item/second). The auditory sequence would therefore still be perceived
as one coherent changing stream. Previous experiments involving
normally voiced irrelevant speech have found speech to be more
disruptive than music (Salamé and Baddeley, 1989), sequences of tones
changing in pitch (Jones and Macken, 1993) and degraded speech (Jones
et al, 2000). Varying whether or not successive speech sounds are voiced
in a sequence would increase the acoustic changeability of the speech and
should render the speech sounds more disruptive of serial recall

performance than sequences of voiced speech.

The second outcome which would be predicted by the CSH is that
alternating between voiced and whispered speech sounds may act to

disrupt the acoustic links between irrelevant speech tokens. A lesser effect
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of an irrelevant stream in which voiced and whispered speech sounds are
alternated would be predicted. These acoustic links are argued by the
CSH to be important for the automatic maintenance of the order of
speech sounds, a process, which in turn, conflicts with the process of
maintaining the order of the TBR visual digits in STM. Fundamental
frequency information (f0) is absent in whispered speech, as there is no
low frequency energy due to the vocal folds not vibrating. Formant
structure, however, is maintained though it is weaker than that observed
in voiced speech due to noise excitation at an open glottis which excites
the resonant frequencies of the vocal tract (Morris and Clements, 2002).
Alternating between voiced and whispered speech tokens would convey
weaker ‘acoustic links” as change across f0 information would not be
present between adjacent speech sounds. Rather, f0 information would
be provided by every other speech sound in the sequence. Therefore the
common ground provided by f0 information would not be common to
every speech sound within the irrelevant sequence. Formant structure
however would be common to all the distinct speech sounds, though as
explained, it would not be as rich as the formants in normally phonated
speech. In essence, this experiment aimed to further examine Hughes et
al (2005) assumption that change on a common ground (e.g. f0 and
formant structure) shared by voiced sounds is crucial to modulating the

disruptive potency of an irrelevant speech stream on serial recall.

712 EXPERIMENT 4: METHODOLOGICAL
CONSIDERATIONS

7.12.1 Participants

24 participants volunteered to take part in the study. All reported
normal or corrected-to-normal vision and normal hearing. All
participants had English as their first language and were not paid for

their time.
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7.12.2 Stimuli

7.12.2.1 Visual stimuli

A Latin square design was used to construct the to-be-
remembered digit lists which consisted of 8 digits from the digit set 1-9
(appendix 29). The digits were constructed with the constraints
described in chapter 3, that of there being no upward or downward runs
of digits and that no digit appeared in the same position in a successive

trial.

7.12.2.2 Auditory stimuli

The non-words for the voiced and alternated (voiced and
whispered) speech conditions were /gam/ (g {m) and /sof/ (sQf). The non-
words for both auditory conditions were recorded digitally and
presented as described in chapter 3 (p90). The RMS sound level of the
voiced and whispered speech sounds in both conditions was equated as

described in experiment 3.
7.12.3 Design and procedure
The design and procedure was the same as detailed in chapter 3,

with the exception that participants experienced 27 serial recall trials per

condition.
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Silence Voiced Speech
Alternated speech v Non-sig
p <0.01) p < 1.000
Voiced Speech v
XX
p <0.01

Table 14. Bonferroni corrected pairwise comparisons for the three experimental

conditions.

A within subjects ANOV A with three levels (speech, alternated
speech and silence) found that irrelevant sound significantly impaired
serial recall of the digits [F (2, 46) = 8.122, MSE = 1800.375, p < 0.01]
(appendix 30). The data are summarised in figure 22 which shows the
overall level of recall collapsed across serial position. Pairwise
comparisons with bonferroni correction as detailed in table 14 revealed
that when compared to a silent control speech (p < 0.01) and alternated
speech (p < 0.01) disrupted serial recall (appendix 30). Sequences of
voiced speech sounds and sequences which alternated between voiced
and whispered speech sounds disrupted serial recall to an equivalent

degree (p < 1.000).
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two streams of steady-state items being heard as opposed to the
necessary coherent changing-state stream. The absence of a difference
between serial recall disruption produced by sequences that alternated
between voiced and whispered speech and sequences consisting of
voiced speech only can be explained if it is assumed that performance in
the presence of voiced speech tokens had reached ceiling. That is,
memory performance may have been at its worst and the addition of
more change to the irrelevant stream of speech tokens by alternating
between voiced and whispered speech sounds would not have acted to
further reduce maintenance for their serial order. The addition of further
change by alternating between voiced and whispered items may not have
produced further disruption as the threshold of maximum interference

had already been reached by sequences of changing voiced-only speech.

With regards to the acoustic links which are argued by the CSH to
point to the order of speech sounds produced by the same speaker over
time, the CSH would have alternatively predicted a reduction in the size
of the ISE in the presence of a sequence that alternated between voiced
and whispered speech sounds. This is because alternating between
whispered and voiced items would be predicted by the CSH to weaken
the acoustic links between adjacent speech items. This would be the case
as f0 information is present in the phonated speech signal, but not in the
whispered speech signal. Therefore, f0 information would not provide
the common ground on which the CVC monosyllables changed as it
occurred intermittently in the condition alternating between voiced and
whispered sounds. The finding that both speech conditions produced an
equal amount of disruption refutes this prediction and it indicates that it
is not f0 and formant structure together that provide the shared ground
on which the syllables must change in order for speech to maintain its
disruptive power. Acoustically, whispers are less complex than voiced
speech. Voiced speech is produced by a glottal pulse and as such

contains a harmonic structure. Whispered speech on the other hand has
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The presence of the formant frequencies of the vowels within the
whispered speech indicates that acoustic change, which is required to
occur between the syllables for the observation of an ISE, was conveyed
by the formant structure of the changing syllables in the absence of f0
information in the whispered items of the alternated speech condition.
Formant frequency changes are argued to preserve vowel quality and
changes on formant structure have been suggested as providing the

common ground on which auditory items must change (Hughes et al.,

2005).

The upper formants have been shown to be more important for
whispered vowel classification than for the classification of voiced vowels.
For example Halberstam and Raphael (2004) found the third formant
frequency (f3) to be more important for the classification of whispered
than voiced vowels. It is clear that the upper formants were also
maintained in the whispered non-words. As well as the formants being
present so are the formant transitions going into and out of the vowel.
Cole and Scott (1973) argue vowel transitions are important for temporal
order judgment of speech sounds. Cole and Scott (1973) suggest the role
of vowel transitions is to hold together adjacent consonant and vowel
sounds in speech which demonstrate different spectral characteristics.
The presence of the vowel transitions in the whispered CVC syllables can
explain why alternating between voiced and whispered speech sounds
interfered with serial recall to the same extent as did sequences of only

voiced speech.

The findings of experiment 4 can be accounted for with reference
to research examining the difference in processing steady-state and
transient acoustic cues discussed in chapter 6 (p144). Vowels vary
broadly along steady-state cues, such as formant frequency whereas
consonants vary broadly along rapidly-cha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>