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Dichotic Listening and Processing Phonetic Features

Dmavid B. Plsoni
Indians University

For over & hundred years it has been known that the left hemisphere of
mapn i specialized for various types of lingulstic processes. Evidence
pupporting this view has come from & variety of sources lncludlng both elinical
and experimental studies of pormal and brain damaged subjects (Geschwind, 19T0;
Milner, 19TL). However, only within the laat decade have investigators begun
to {dentify some of the stages and operations that underlie this asymmetric
representation of language in the brain (Studdert-Eennedy & Shankweller, 1970;
Studdert-Kennedy, 19Tha,b; Wood, 1573).

Bome of the strongest support for speclalized peural processes in normal
subjects has been obtalned in dichotic listening experiments (Kimura, 1961,
1967 ; Shankweller & Studdert-Kennedy, 196T; Studdert-Kennedy & Shankweiler,
1970). In this paradigm, palrs of stimuli are presented sisultansously to
right and left ears and listeners are asked to ldentify, diseriminate or
regall these sounds, Depending onm the typea of stimull employed, two main
findings have been repeatedly observed. First, If the pairs of stisuli are
linguiatic such aa vords, digita or syllables, subjects usually report the
stimulus presented to the right ear more sccurately than the sti=zulus presented
to the left ear (Bartz, Satz, Fennell & Lally, 196T; Kimura, 1961; Shankweiler
& Studdert-Kennedy, 1967). Secondly, if the pairs of stimuli are non-linguistiec
such as melodles, tones, sonar signals or environmental sounds, the opposite
effect la observed, namely, subjects report the left ear stimulus more accurately
than the right ear stimulus (Kimura, 196L; Bhankweller, 1966; Curry, 1967).

Most investigators have assumed that the right ear advantage (HEA) for
linguistic stimuli is a reflection of the genernl asymmetry of cerebral dominance
for language function (Kisura, 1961, 1967; Bryden, 1967; Studdert-Kennedy &
Shankweller, 1970). Ezplanations of the AEA have generally been as follows.
Firat, it is assumed that there is & functional prepotescy of the contralateral
auditory pathways from right ear to left hemisphere. This {s supported by
phyaiological evidence which ipdicates that the contribution of the comtra-
lateral pathways is greater than the ipsilateral pathways (Rosenzwelg, 1951;
Bocon, Calears, Casainari and Migliavacea, 1955). Second, under dichotie
stimulation of the left ear signal undergoes a relatively greater "loss"
than the right ear aignal because it must first travel to the right hemisphere
before it 1s transmitted to the left hemisphere via the corpus callosum. There
is also evidence that the ipsilateral pathways are occluded or Inhiblited during
dichotiec stimulation (Milner, Taylor & Sperry, 1968). However, at the present
time the exact locusm of the REA still remaina unspecified. It could occcour
immediately before, during or iomediately after the interface betwveen auditory
processing and initinl phonetic manalysis. GStuddert-Fennedy and Shankweller have
further argued that the right ear advantage cbserved under dichotic stimulation
reflects the operation of a "speciallized” speech processor in the language
dominant hemisphere and is not simply due to additional auditory processing
capacitiea. They clalm that both cerebral hemispheres are capable of processing
the auditory information in the apeech mignal but only the language dominant
hemisphere Iz involwved in the idenstification and recognitlon of phopetie
features in the stimull.



Support for the notlon of a unllateral phoaetlc processor in the langunge
dominant hemlsphere rests on several general findings about the relations
between speech and language function (eee Mattingly & Liberman, 1960; Wood,
Goff & Day, 1971; Liberman, 19T72; Wood, 19T73). However, most of the experim=ntal
evidence to date deals primarily with the types of interactions that have been
cbserved between left- mnd right-ear dichotic speech inputs. In the present
chapter I conaslder tvo of theas dichotlec interactions in some detall--the
"feature sharing advantage" and the "lag effect.” Both findings are central
to a nusber of recent theoretical efforts in spesch perception and have been
the focus of a great deal of recent research (Gtuddert-Eennedy, Shankwellar &
Pisoni, 1972; Blumatein, 19T4; Benson, 19T4; Speaks, Oray, Miller, Bubens &
Waller, 197k).

The plan of this chapter ia mas follows: First, I coneider the distinction
betwveen auditory and phonetic stages of processing since this underlies mach
of the work to be described. BSecond, | reviev the feature sharing advantage
and lag effeet in dichotiec listening experiments. Third, I present the results
of several recent dichotie recognition masking experiments that hawe sxamined
these types of interactions in more detall. Pourth, ] propose s rough model
of nome of the stagea involved in phonetic procesaing and show how the model
can acoounmt for the types of featurs interactiona observed betwesn dichotie
speech loputs. Finally, 1 briefly consider the relation between the right
ear advantage and the lag effect ln dichotle listening.

Auditory snd Puonetls Btages of Frogessins

Although the distinction between phonetic structure and Righer levels of
analysis 1s commonly accepted in lingulstiec theory, the distinction between
auditory (i.e., acoustic structure) and phonetic levels of analysis has not been
widely recognized. The auditory stage may be thought of as the first level of
analysis between the acoustic signal and percelved message (of. Btuddert-Kennedy,
19Tkn). At this lewel the acoustic vaveform is tranaformed (f.e., recoded) into
some "tiss-varying” neurclogical pattern of events in the suditory system. Acoustic
information such as spectral structure, fundssental frequency, intensity, and
duration ils extracted by the suditory system. All subs=guent stages of snalywls
beyond the auditory stage of analyeis are thought to be sbatract and besed on
in analysis of these Initial suditory features. The phonpetic level, the sscond
stage of analysais, im mssumed to be closely related to the first stege. Here,
segments and features necessary for phonetic classification are abstracted or
derived from the auditory representations of the acoustic signal. At the output
of this stage, the contimucusly varylng auditory stimulus has becoms tranaformed
inte & seguence of discrete phonetle segmenta. Information about the featurs
apecification of these phonetiec segeents in the form of an abstract distincglve
feature nmatrix is then passed on to higher levels of processing for phonological
and ayntectic analyslse.

Thus, ve may think of the audltory level as that portion of the speesch
perception process vhich is "ponlinguistie.” It includes processes and mechaninms
that operate on speech and nonspeech signals allke. On the other hand, processes
and sechanisms at the phonetic lesvel are aasumed to perform a linguistic
abstraction process vhereby a particular phonetic feature is identified or
recognized from mome configuration of muditory features (i.e., ncoustic cuea)
in the aroustic input. The details of this process are central to all currest
theories of speech perception (Liberman, Cooper, Shankweiler & HStuddert-Kennedy,
1967; Stevens & Mouse, 1972; Fant, 19T3; Bondarko, et al., 1970; Studdert-
Eennedy, 19Tha,b; Massaro, 1972).




There is still little agreement smong investigators as to exactly how
asuditory and phonetic features are processed during speech perception. Never-
theless, the general “lack of invariance” between the acoustic signal and seg-
mants in the lingulstic message eéstablishes that the recognitlon process cannot
be a simple one-to-one matching of phonetle features in the long-term nemOTY
with acoustic features i{n the speech stimulus (Liberman et al., 1967). As a
result, a number of investigators have suggested that speech sound perception
may involve specialized neural mechanisma that may not be employed in the
E::?uﬂn of other auditory signals (Liberman et al., 1967; Stevens &k KEouse ,

One broad ais of dichotic listening experiments has been to provide
evidence for the existence of some type of specialized speech processing
mechanisn (Milner, 1962; Sparks & Geschwind, 1968), Recent work e=ploying
the selective adaptation paradigm to study feature detectors {n speech per-
ception has also been almed in this direction (see for example, Elmas & Corbit,
1973; Eimas, Cooper & Corbit, 19T3; Cooper, 19Tk, this volume). However, a
mecond related aim of dlchotic listening has been to study the more general
processes of speech and language function. Bpecifieally, a number of recent
dichotic listening experiments have besn concerned with defining the stages of
processing and describing the types of operations that take place at esach of
these stages. In thie sense, dichotie listening 18 simply one of s number of
i::‘lll':.nnm techniques that can be used to study the processing of speech
8o .

The concern in this chapter is not prisarily with the nature of the right
ear advantage in dichotle listening nor with 1ts magnituds under wvarious
experimental conditions. The literature is much too extensive to oven attempt
to reviev it here coherently. Moreover, some efforts have already been made
along these lines in meveral recent papers (see for example: Studdert-Kennedy
& Bhanlweller, 19704 Barlin, Lowe-Ball, Cullen, Thompeon & Loovis, 19T73; Berlin
& MoNeil, 197k}, FRather, suditory and phonetic feature interactions between
dichotic inputs are examined in order to begln to describe mome of the stages
af processing by wvhich phonetic features are ideantified.

Festure Sharing Advantage
The feature sharing advantage refern to & gain ip ideptification for

dichotic pairs of consonant vowel (CV) syllables that share phonetic features
(e.g., place or voicing). The effect im mhown in Figure 1 which is based

Ineert Flgure 1 about harse

on data from Gtuddert=-Kennedy & Shankweller (15970). The probability that
both initial stop conmopants vill be correctly identified ia greater if the
two consonant segmenta shared the place feature (e.g., /ba/-/pa/) or the
voleing feature (e.gx., /oa/-fda/) than If peither feasture was shared (e.g.,
foa/=/ta/). This interaction was interpreted by Studdert-Eennedy and
Shankweiler as providing evidence that both dichotic inputs conwerge on a
tingle phopetic proceasing center before the extraction of phonetic features.
The authors suggested that "duplication of the auditory imformation comveying
the shared feature value glves rise to the observed advantage (Btuddert-
Kennedy & Shankweiler, 1970, p. 588)." This conclusion seemed reasconable at
the time. Since the same vowel {L.e., /a/) vas used in each syllable, auditory
and phonetic features vere redundant.

The context conditioned dependence of consopant cues on vowel context
should be emphasized here. One of the best known facts about phonstic per-
ception im that the sasoustic cues for a particulsar consonant segment, especimlly
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stop consonants, vary as a function of vowel context, position in the syllable,
stress, speaking rate and speaker.l Thus, when the vowel is the same, particu-
larly with synthetic stimuli, the acoustic cues that underlie a consonant
feature are also the same, The acoustic cues for a particular consonant feature
vary only when vowel context or some additional parameter is manipulated. Thus,
although the feature sharing advantage was originally thought to be due to
commonality of the auditory features in the two inputs, the effect could also
be due to shared phonetic features. To test this hypothesis we studied the
feature sharing advantage under two conditions (Studdert-Kennedy, Shankweiler

& Pisoni, 1972). In one condition, vowel context remained the same for both
dichotic inputs, in the other condition vowel context was varied. Schematized
spectrographic patterns of the stimuli which illustrate this comparison are
shown in Figure 2. Eight CV syllables were formed from all possible combinations

- e

Insert Figure 2 about here

of the four stop consonants (/b,p,d,t/) and the two vowels (/i,u/). As shown
in this figure, all within column pairs (e.g., /bi-pi, bu-pu, di-ti, du-tu/)
share both place of articulation (i.e., labial, alveolar) and the following
vowel. These pairs have identical formant transitions and, therefore, the

same auditory features underlie the phonetic feature of place of articulation.
The cross-column peirs which are shown by the arrows (/bi-pu, bu-pi, di-tu,
du-ti/) also share place of articulation but contrast on the vowel. Thus,
these pairs have different formant transitions and, therefore, different audi-
tory features cue the same phonetic feature. As in the earlier experiment, CV
syllables that have the same vowel share both phonetic and auditory features.
Pairs that contrast on the vowel shared only phonetic features., The results

of that experiment replicated the earlier feature sharing results; correct per-
formance for both stimull is greater for dichotic pairs that share a feature in
common. But of most interest was the finding that there was no effect of vowel
context on correct recognition. Thus, we concluded that the feature sharing
advantage was due to the shared phonetic features in the two inputs and not shared
auditory features. The feature sharing advantage is assumed to have a phonetic
rather than auditory basis. These results suggested to us at the time that

the feature sharing advantage arises after phonetic analysis during output

or response organization-- "activation of a feature processor for one response
facilitates its activation for another temporally contiguous response (Studdert-
Kennedy, Shankweiler & Pisoni, 1972, p. 463)."

The feature sharing advantage in dichotic listening mey be considered
to be a facllitatory effect at the phonetic feature level. Features in both
inputs have been recognized and appear to be present in short-term memory.

This idea is supported by the presence of "blend" and feature reversal errors

in Ss' responses., Both types of errors occur when the features in a stimulus
presented to one ear are incorrectly combined with the features in the other
ear. For example, a "blend" error occurs if /ba/ and /ka/ are presented
dichotically and the S reports /ga/; the voicing feature from /ba/ is combined
with the place feature of /ka/ to produce a response having both component
features. A feature reversal error occurs when the S reports /ba/ and /ta/

when the input stimuli were /pa/ and /da/; all the component features of the
input stimuli are present in the responses but the features have been recombined
incorrectly.
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Theoretical interest {n these types of phonetic interactions i3 twofold.
First, they provide additional support for the i{des thet phonetlc features are
récognized more or less independently during perceptual processing. Thia atage
af processing, howewver, should be distinguished from the earlier stage vhere
auditory features are processed, Current evidence suggests that auditory
features are not processed independently of each other (Holloway, 1971; Haggard,
1970; Smith, 1973; Sewusch & Pilsoni, 19Th)., A second reason for interest in theas
feature interactions is that they indicate that recombination of the component
festures from each stisulus sust have 4 common locus, presumably after phopetle
processing in the language dominant hemisphere. Indeed, most of the support
for a unilaterally repreasented phonetic processor rests on these types of
phonetic feature interactions (Studdert-Kennedy & Shankweiler, 19T0). If re-
combination of the component features ocourred separately for each ear, there
would be little possibllity for the phonetle features from esach ear to recombine
in the form of blend and feature reversal errors,

Lag Effect
The second type of interaction to be considered is the so-called "lag
effect” Iin dichotiec listening. This effect occurs when the dichotic inputs
ere presented with varying temporal delaym. Studdert-Hennedy, Shankweiler
and Schulman (1970) reported that Sa ldentify the second or lagging syllable
of a dichotic pair of temporally overlapping stimuli more accurately than
the leading ayllable. The effect ls shown In Flgure 3 which has been replotted
from the original report. As shown here performance ls better on the lazEling

Insert Figure 3 about here

syllable than the leading sylleble, When the same syllables vere mixed and
+the algnal presentad manotleally €0 one sar, the lag effect was reverasd;

the lemding syllable was now reported more accurately than the lagging
syllable. Studdert-Hennedy et al., (1970) originally interpreted the lag
effect as & form of "interruption” of speech processing presumsbly occurring
at a central level of perceptual analysis. They suggested that “the lag effect
is tied to speech, and, specifically, to those components of the speech stream
for vhich a relatively complex decoding operation is necessary (Studdert-
Kennedy, Shankweiler & Schulman, 1970, p. 601)." Indeed, the lag effect has
been used recently as evidence to support the general argument that apeech
peraeption engages smpeclalized processes that dlffer from those of nonapeech
auditory perception (Liberman, Mattingly, & Turvey, 1972).

The lag effect appears to be a varistion of a more general result
pbhtalned Iin backvard masking sxperiments: =a second stisulua can lopede the
processing of & preceeding stimulus (Kahnemen, 1968; Massero, 1972; Turvey,
1973). As used in the speech perception literature, the lag effect actually
deals with the relative difference between forward and backward masking; there
appears to be more dichotic bachward masking than forvard masking for CV
nyllables,

A number of regent dichotlec experiments have shovn that the lag &ffect
may not be pecullar to speech sounds since it has been obtalned with nonspesch
timhres, vowels and other sounds. For example, Darwin (1971), using a directed
attention paradigm, has reported a lag effect for stimuli that differ only in
fundamental frequency. With # 25 mmec offsets betwveen stimuli, listeners
reported the second stimulus more often than the first. Although Porter,
Shankweller, and Leberman {1969) initially falled to obtain a lag effect for
steady-state vowels, Kirstein [19T1) obtained the effect with slightly different
procedures. Since the lag effect has been found with speech am well as non-
speech stimull, {t seems reasonable to suppose that this type of dichotic

9
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interaction has an auditory rather than phopetiec basis. The interactlon bhetween

the ilnputs may occour at the awditory feature lewel prior to phonetie analysis.
We may think of the lag «ffect as a form of interference in dichotic

lintening. But what is the locus and nature of this form of interference?

A what stege in the information processing syntem does the interference arise?

The dichotic recognition masking experiments to be described were aimed

at these gquestions. If the masking that underlles the lag effect occurs at

an early stage of processing prior to auditory analysias any OV syllable

thould interfers with the processing of a precesding syllsble. Thia is

esgentially a stop proceasing or interruption hypothasis. Om the other hand,

if the lag effect occurs after auditory analysis only certain types of stimulus

contrasts should produce interference. These masking experiments indicate that

only certain types of stimulus contrasts should produce interference. These

masking experiments indicata that interference is not found equally for all

stimulus contrasta. The groatest interference ocoeurs on trials that coatain

CV syllables that do not share phonetic features. Thus, the feature sharing

sdvantage and the lag effect provide evidence for distinct auditory and phonetic

feature interactions in dichotie listening. PFurthermore, theae types of inter-

actions provide some baslas for formulating a rough sodel of the atagen of

procedsling ln phonstle perceptlom.

Dighotic Recognition Masking

The method uwsed to atudy the feature sharing advantage and the lag
effect wan a dichotic recognition maaking paradigm. Two CV syllables vers
presepted on each trial, a target and s mask. The syllables differed in the
consonant, the vwowel and thelr relative times of onset. The subjects' task was
alveys to {dentify the target stimulus in an ear monitoring paradigm and to
ignore the masking stisulus. Figure LA ahowa the general arrangement of

Insert Figure & sbout here

the target and masking stimull used in the backvard masking experimeats. For
the forwvard smaking experiments, the configuration of target and mask wvas
si=ply reversed. In backward masking, the § ldentified the first stimulus,
in forvard sasking he {dentified the second stimulus.

With this technique the processing of a target stimulus may be probed
by & masking stimulus at various stimulus onset asynchronies and thereby
provide us with some information sbout the tesporal course of perceptusl pro-
cessing of the target sound (Massare, 1972, 197k). The targets and masks used
in these experiments were always drawn from different stimulus ensembles as
shown in Flgure LB, There were two voiced targets, /ba/ and /da/, and two
volceless targets /pa/ and /ta/. The six masks that ve used vere selected so
that they either shared or contrasted with the audlitory and phonetic feature
composition of the targets. As in the previous dichotic experiment with
Gtuddert=Kennedy and Shankweller, the vowel context vas varled in order to
manipulate the suditory features which underlie a particular phometic Teature.
Howaver, the phonetic feature studied in these experiments was volcing whereas
in the previous experiment the feature was place of articulation. We should
note here that the plage feature in stop consonants s cued primarily by repid
transitional changes in the spectrum (Liberman, Delattre, Cooper & Garstman,
195k}, On the other hand, the voleing feature is cued primarily by the timing
of the onset of Tfirst forsant relstive o the second formant (Liberman,
Delattre & Cooper, 1958).2

11



*(nl&T

| ‘qauyoW § TUOETJ Je3gw) Fulsjoa UO JEEIIUCO EADT JUSINJJITP mOZ
i CAEID EYEFEE pUW E3a¥IE) svataym HUTITOA JO adnjEs] a8yl SIEGE ACd

STES U3 WOl Osesp sWsww puw Ejafaug
(g Teueg) sysww puw e3alawy sy puw (v TeURg) wE tpeawd BuTysEm

‘gyusmiladxe eyl Ul paEm

pleayoRq 0]3049TF Ul U [TNEIIE Fopisem puw 1a8swy Jo juemedueary ‘n SAMAL4
m.,.qomin
i " m
SIVITLS | TINNYHD
ONIHSYIN i .
3 9By By e} ed " 3
..................... v o
36 oeb eb ep EQq SNINKWILS TINNYHD
1398V
ITINNILS ITNNILLS
ONIASVIN 1 398V1L
(d) (V)



By varying the vowel context the over-all spectral composition of the
target and mask could also be manipulated. For example, the target-mask pair
/ba/-/ga/ shares the voicing feature (+ voicing) and the vowel. The pair /ba/-
/ga/ still shares the voicing feature but now differs in the vowel. Half of
all trials in these experiments contained pairs of stimuli that shared the
voicing feature; half contained pairs that contrasted on voicing.

Two comparisons are of interest here as a function of time. First, is
there a difference in recognition between pairs of stimuli that share or contrast
on the voicing feature? BSecond, what is the effect of the vowel in the mask on
identification of the target? The latter comparison should permit us to
specify the locus of the interactions between the dichotic inputs. For
example, if the vowel context of the mask has no effect on the identification
of the target, we would conclude that the interaction between the inputs
occurred at the phonetic level. This would be anticipated if the consonant
segments had already been sbstracted from the syllables. On the other hand,
if the vowel context systematically affects target identification, this would
indicate that, at leest, some component of the interaction occurs at an earlier
stage of analysis either before or during phonetic processing.

Backward Masking. In the first experiment backward masking was examined for
shared and non-shared trials as a function of stimulus onset asynchrony (SOA).
The main results are shown in Figure 5 averaged over the three vowel contests,

Insert Figure 5 about here

Voiced and voiceless targets have also been combined in this figure. Performance
was consistently higher for pairs that shared voicing than pairs that contrasted
on voicing., Performance is relatively stable for shared pairs at all SOA values
whereas performance improves steadily for non-shared pairs as SOA increased.
When we scored the data for correct recognition of the voicing feature alone,
performance in the shared condition was virtually perfect. For example, if
/va/ was the target and the S responded with /da/, we scored this as a correct
response of the voicing feature; stimulus and response were both (+ voiced).
In contrast, performance for the voicing feature on the non-shared trials
remained the same as in the previous analysis of correct responses.

The effect of vowel context of the mask on shared and non-shared trials
is shown separately for each of the three vowel conditions in Figure 6. The

Ingert Figure 6 about here

influence of the vowel is restricted primarily to the non-shared pairs. Per-
formance on these trials was lowest for /a/ vowel masks, highest for fﬁ/, and
midwey between the two for /ae/. Identification in the shared condition is
consistently higher under each vowel condition than in the non-shared condition.

The main results of this experiment suggest that the feature sharing
advantage and the interference obtained in the lag effect are distinet types of
interactions between dichotic speech inputs, presumably occurring at different
levels of analysis. Overall performance is affected by both SCA and vowel
context of the mask. However, the difference between shared and non-shared
trials still mainteins itself under these conditions.

These results replicate and extend the previous findings on the feature
sharing advantage reported by Studdert-Kennedy and Shankweiler (1970) and Studdert-
Kennedy et. al., (1972). As noted earlier, these findings were interpreted as
evidence that the feature sharing advantage occurred on the output side of
phonetic analysis during response organization. However, in the present experiment

13
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the feature sharing advantage still oceurs and vith conslderable magnitude when
only one response is required. Thus, we can infer from this result that the
feature sharing advantage probably lies somevhers before response organization
after the features have besn ldentified, We will peturn to & more detailed
account of the feature sharing advantage later on.

These results also proavide some insight into the type of interaction
underlying the lag effect. For non-shared trials we observe that performance
increases as the interval between the onset of the target and mask is
increased, Increases in S0A provide incresses in processing time for
recognitien of the suditory features 1o the target stisulus. Since recognition
of the target stimuli ia affected asystematically by the wvowel context of ithe
masking syllable, one component of the interaction must cocur before phonetic
analysis wvhile the suditory features in the syllebles are 8till belng proceaned.
If the interaction occurred after the consonant features had been abstracted
from the target, the wovel context should not hawve affected the ldentification
of the target. These results suggest that the locus of the interference under-
lying the lag effect occurs at an auditory feature level,

At Firet glance, the results of this experiment present somevhat of a
paradox: simllarity in the consonant volclpng feature (i.e., volce onset time)
reduces interference, simlilarity in the vowel increases interference. The
latter effect is not difficult to underatand. We have only to suppose that
the more aimilar the vowels of the target and mask, the more likely the twvo
syllables are to "fuse" or integrate into one perceptual unit so that the
listener has difficulty assigning the correct auditory features to the sppro-
priate stimulus (see also Cutting, 1972). This account of the wvovel effect
argues against & strict interruption or stop processing explanation. If the
second stimulus simply terminated the readout of auditory features from the
first stimalus, vowel similavity should not have had any =ffect on target
recognition., Aoy epeech stimulus should have terzmioated processlng. In
gddition, we would not expect to find mn interaction between the phonetic
feature composition of the consonant targets and the vowvel context of the sask.
Both findings sugeeat an account of masking based on some form of integration
at an auditory level. Auditory features from both stimuli merge together to
form a composite stimulus wvhich is theéen made avallable Tor subseguent phonetlie
enalysis. Thua, variations in the degree of beckward masking can be accounted
for by variations in"sacoustic confusability™ due to overall spectral composition
af target and masgk, We are going to assume that the vowel sffect ia dus to
relatively low level binaural interaction in the auditory aystem (see Durlach &
Colburn, In Press; Colburn & Durlach, In Preas).

Put how are we to account for the apparent lack of interference for paira
of stimull that share the volecing feature? Hefore sttempting an account of the
sbsence of masking in this condition, wve consider another experiment wvhere
mask intensity is manipulated. If auditory factors are the principal deter-
minantn of wvarimtionn in the degree of backward masking, we would expect
intenslty varistiona to have an effect on both shared and non-shared trials
as vell a3 the variations in apeectrel composition. Intensity as a gross physical
parameter should also have ita effect at relatively early stages of processing.

We carried out another backward masking experiment where the intenaity
of the mask differed from the target by 0, +10, or +20d8, Flgure T showva

Inasert Flgure T about here

the results of this experiment for shared and non-shared trialsm as a funetion
of 508 for each mask intensity lewvel. These functions are averaged over all
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vowel contexts. Note that the effect of mask intensity is clearly present
for both shared and non-shared trials; performance on the target systematically
decreased as mask intensity increased. The difference in recognition between
shared and non-shared trials is, however, still present under all three inten-
sity conditions.

When the data were scored separately by voicing, treating a response
as correct if volcing was correct, the intensity effect for the shared trials
disappears. This result is shown in Figure 8 which is based on the data from

Insert Figure 8 about here

the /a/ vowel mask condition. Thus, increased mask intensity for shared pairs
apparently has its main effect on the place feature which is cued by relatively
rapid spectral changes during the very early portion of the syllable, In
contrast, correct identification of the voicing feature for the non-shared
pairs decreases systematically as mask intensity is increased.

A clue to understanding the absence of interference for shared pairs is
provided by an examinatien of the feature errors. Table 1 displays the

Insert Table 1 about here

proportions of voicing and place feature errors for shared and non-shared
trials in the conditions yielding maximum masking, namely, a +20 dB mask
intensity with target and mask vowels identical. The main point to note in
this table is that while place errors are roughly the same when the voicing
feature is shared as when it isn't, voicing errors are sharply increased in the
non-shared condition. In other words, the feature-sharing advantage is confined
to the particular feature shared. The previous studies by Studdert-Kennedy

and Shankweiler (1970) and Studdert-Kennedy et., al., (1972) failed to observe
this because they did not score the S's response by feature by only by total
response, Thus, if a S makes a voicing error on a non-shared trial, his
response must contain the volcing feature of the mask. The high rate of errors
on voleing is then due to the fact that the voicing feature of the mask
interacts with the voicing feature of the target. This result should be
emphasized since it clearly suggests that the feature sharing advantage occurs
at the phonetic feature level and not earlier.

Forward Masking. The backward recognition masking results could be
explained by a simple masking or interruption hypothesis (Massaro, 1972, 197Th).
The second stimulus terminates the read-out of auditory features from the
preceeding stimulus. However, some complexities arise when we consider the
case of forward recognition masking. In this experiment, Ss identify the
second stimulus rather than the first. The forward masking experiment is
important for several reasons. First, if the interference between target and
mask were due strictly to interruption, no forward masking would be anticipated
gince processing time for the target is unlimited. Second, the presence of
forward masking would lend additional support to the integration hypothesis out-
lined earlier. The target and masking stimuli merge to form a composite stimulus
containing auditory features of both stimuli.

In this forward masking experiment, all stimuli and experimental conditions
were identical to the first backward masking experiment described earlier except
that a new group of Ss was employed. The main results are shown in Figure 9
averaged over the three vowel contexts. The difference in correct identification

— —— e

Insert Figure 9 about here
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Table I
Proportions of voicing and place errors under voicing shared and non-shared

conditions for the +20 dB /a/ vowel masks from Pisoni & McNabb, 197L.

Feature Voicing Shared Voicing Non-Shared
Voiced .05 31
Voicing
Voiceless .03 .16
Labial .16 12
Place
Alveolar .03 .0k
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of the targets between shared and non-shared triels is quite similar to that
found in the earlier backward masking experiments. Performance improves steadily
as a function of SOA for both types of trials. The effect of the vowel context
is shown separately again for each vowel in Figure 10. The effect of the vowel

Insert Figure 10 about here

on target ldentification is remarkably similar to that found in the backward
masking case; overall performance is inversely related to the spectral composition
of the vowel context of the target and masking syllables,

We can summarize the results of these experiments quite simply. First,
forward and backward masking functions appear to be essentially the same.
Differences in relative onset of target and mask, spectral similarity, and mask
intensity influence the overall level of performance for both shared and non-
shared trials. Furthermore, shared and non-shared trials continue to show
differences in performance under these experimental manipulations. These
results suggest several stages at which dichotic speech inputs can interact. In
order to describe these interactions in more detail we consider a rough model
of the stages of processing in phonetic perception.

Stages of Processing

Taken together the forward and backward dichotic masking results provide
some insight into the recognition process. Earlier we described the distinction
between auditory and phonetic stages of processing. However, based on the
present findings, this dichotomy appears to be much too gross and additional
stages are required. Figure 1l shows a qualitative model of the stages of

Insert Figure 11 about here

processing involved in phonetic recognition. Auditory input first undergoes
preliminary auditory analysis. The output is assumed to be some type of spectral
display in terms of frequency, time, and intensity. Sensory input is then
processed progressively through several levels of analysis. FProcessing stages
have been arranged here serially only for convenience since we do not have
sufficient experimental evidence to argue for parallel or serial processing
between these stages at the present time (see Wood, 19Tk, this volume).
Acoustic Feature Analysis is the first stage of the recognition process.
Here, auditory features of the speech signal are identified by a system of
individusl auditory feature detectors (Stevens, 1973; Cooper, this volume).
For example, in the case of a simple CV syllable, we asgume that specilalized
detectors will respond selectively to some of the following types of auditory
information: (a) presence or absence of a rapid change in the spectrum,
(v) direction, extent and duration of a change in the spectrum, (c) duration
and intensity of noise, (d) frequency of noise segment or burst, (e) presence
or absence of the fundamental frequency from the beginning of the syllable,
(f) abrupt rise in the frequency of the fundamental at the transition from
consonant to steady-state vowel. The output of Acoustic Feature Analysis is
some set of acoustic cues or auditory features, {ci}, which forms the input
to the next stage of processing,
In Stage 2, Phonetic Feature Analysis, we assume that a set of decision
rules is employed to map multiple auditory features into phonetic features.
It is assumed that this is a many-to-one mapping where several different
auditory features provide information about a particular phonetic feature (e.g., see
Hoffman, 1958; Liberman, Delattre & Cooper, 1958). Rather than assume that a
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"phonetic processor" exists as a distinct physiological mechanism, we would
prefer, at the present time, to describe its function simply in terms of deecision
rules. Decisions about a particular feature are based on auditory information
distributed across the whole syllable (Liberman, 1970; Massaro, 1972; Studdert-
Kennedy, 1974 a, b). It is at this stage that processing becomes lateralized

in the language dominant hemisphere. The outputs of acoustic feature analysis,
{ci}, from each hemisphere converge for phonetic feature analysis, The output

of phonetic feature analysis is a set of abstract phonetic features {fi}.

Phonetic features are subsequently maintained in Stage 3, the Feature
Buffer. This may be thought of as a holding mechanism which maintains decisions
about the feature composition of a particular syllable. We distinguish the
output of the feature buffer, {f'j}, from the input, {fj}, since information cen
be lost by interference or decay and confusion among features can result. There
are two reasons for postulating a feature buffer. First, not all phonetice
features are assumed to be processed (i.e., recognized) at the same rate.
Secondly, some memory process 1s needed to preserve or maintain phonetic
features more—or-less independently for subsequent stages of linguistlic processing.

Feature information is then used in Stage 4, Phonetic Feature Combination,
where individual features are recombined to form discrete phonetic segments
(i.e., phonemes). The output of Stage 4 is a phonetic segment, (X), where
the feature specification is, for example, some form of an abstract distinctive
feature matrix. This information is passed on to higher levels of linguistic
analysis (i.e., phonological).

The model as we have described it is still preliminary and a number of
details remain to be worked out. However, the model can account in a qualitative
way for & number of the dichotic listening results discussed so far. For
example, the feature sharing advantage probably arises after Phonetic Feature
Analysis in the Feature Buffer. Redundant features do not have to be maintained
geparately in the buffer and there is less chance of confusion. The feature
reversal and blend errors described earlier probably result from confusions
among features in the buffer before recombination into phonetic segments,

Since these errors involve only the loss of local sign (i.e., ear of origin)
it is clear that the features have been identified and they are being maintained
in some form independent of context.

Forward and backward masking appears to arise before acoustic feature
enalysis. Since relative onset time, spectral similarity and mask intensity
all effect overall performance for both shared and non-shared trials it seems
safe to assume that these gross physical parameters affect processing at relatively
early stages. Thus, the advantage for sharing a phonetic feature must occur
relatively late in the processing sequence since the difference between these
two pairs is still present regardless of large acoustic differences between the
target and masking stimuli-

The Right-Ear Advantage and the Lag Effect

Throughout most of this chapter we have focused on the interactions
between dichotic speech inputs and essentially ignored asymmetries between
the ears. In this section we briefly deal with the right ear advantage for
speech stimuli and its relation to the lag effect.

In a recent paper, Weeks (1973) has called attention to an apparent
paradox between the right-ear advantage and the lag effect in dichotic listening
experiments. Most investigators have assumed that the right-ear advantage is
due to some loss of information from the left-—ear input. Loss may result from
the additional time necessary for the left—ear input to reach the dominant
hemisphere since the signal must transverse a longer distance via the corpus
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callosum. Weeks (1973) has called this a gueueing or "delay” hypothesis. It
is assumed that the ipsilateral input from the left ear arrives at the dominant
hemisphere some time later than the contralateral input from the right ear.
However, loas of information from the left ear may also be dus to mome
impairment in the ifpeilateral slgnel as & result of interhemispherie transfer,
Tuis is the currently favored explanation of the right ear advantage which

has been colned the “"degradation hypothesia" by Weeks, Feature extractors

in the dominant hemisphere recelve & poorer or more degraded signal from the
ipsilateral ear.

The apparent paradox betveen the right-ear advantage and the lag effect
is as follows. Eoth the delsy and degradation hypotheses of the HEA assume
that the left-ear stimulus arrives at the dominant hemisphere some time later
than the right-ear stimulus. Thus, there is an inherent tesporal asymmetry
and masking should occur between left- and right-ear stimuli, The left-ear
stimulua should Interrupt the processing of the right-ear stimulus. Howewer,
avallable evidence indicates that the right-ear advantage and lag effect are
more or lesa independent of each other (Kirstein, 1970, 1971; Berlin, et. ml.,
1973). Thus, the interpretation of the lag effect as a form of interruption
of processing through backvard masking is in serious conflict with the lnter-
pretation of the right-ear advantage in terma of some inherent delay of the
left-ear stimulus. This paradox can be resclved easily, hovever, by asauming
as we have in this chapter that the lag effect results from integratlon of
the two dichotic inputs, Thus, the two dichotie stimuli are not functionally
independent of each cther and therefore each hemisphere probably receives a
different composite of both stimuli. The interference underlying the lag
effect arlses, therefore, prior to the atage at which the right-ear adventage
occurs. Several experiments are currently in progress which deal with this
particular problem.

Final Remarks

In this chapter I have tried to show how dichotic listening techniques
can be used to study soms of the more géneral processzea in speech perceptionm.
A good part of the recent dichotice listening literature has focused on the
typens of auditory and phonetle interactions that oceur between dichotic spesch
inputa. These interactlons appear to ocour at a numbter of different processing
stages and provide some insight into the general organization of Information
processing in sapeech perception. However, we are a long vay off from a really
well-developed model of the speech perception process., Many detalls still
need to be worked out and many of the concluslons arrived at through dichotlie
limtening experiments will need to be evaluated in other experimental paradigms.
In the future, however, ve can probably expect to see an increase in the use
of various types of braln-demaged subjects In speech perception experiments.
These experimenta should help to bridge the gap between our knovledge of
underlying phyalology of speech and language function and the processes we have
imparted to little boxes that have appeared in such ever-incremsing proclivity
over the last fewv years.
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Footnotes

lmhroughout this chapter I use the terms "acoustic cue” and "auditory
feature" somewhat interchangeably since there is a one-to-one mapping of
acoustic cue to auditory feature.

2The voicing feature in the present experiments is cued by volce onset
time (VOT), the temporal interval between the release of stop closure and the
onset of laryngeal pulsing. Since VOT is a temporal cue, manipulating vowel
context does not necessarily entail a strict independence between auditory
feature and phonetic feature as was the case with the place cue.
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