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Repp [J. Acoust. Soc. Am. 60,- 456469 (1976)] hypothesized that dichotic stimulus dominance '
relationships between fused speech sounds reflect the relative category goodness of the competing stimuli,
i.e., their relative perceptual distances. from the listener’s linguistic category prototypes. In experiment I,
15 synthetic sylfables from a /bae/~/d%/—/ga/ continuum were dichotically fused with threé selected
‘stimuli from the same continuum .and presented to listeners for identification. Stimuli in the vicinity of
- phonetic category. boundaries were found to make weaker dichotic competitors than stimuli from well
within a phonetic category, as predicted. However, some systematic deviations from the predictions and
large individual differences were noted. In experiment II, synthetic syllables from a /ba/~/da/-/ga/
continuum were. paired with either of the two endpoint stimuli (/ba/,/ga/) in dichotic or mixed
preseritation. The resulting fused hybrid stimuli were: presented in identification and AXB discrimination
tests. The hybrids were perceived quite categorically, and there was little difference between dichotic and
mixed modes of presentation. These results did not replicate earlier data [Repp, Haskins SR-45/46;
123-139 (1976)] that had suggested that discrimination of dichotic hybrid stimuli might be based on a
level of _representation preceding phonetic categorization. The category goodness hypothesis, which.
implies such a level, was neither supported nor. cbntradi'cted{ In experiment III, the prediction was tested
that increasing the aspiration amplitude of a</ta/ syllable, and thus its category goodness, would increase
the perceptual dominance of this stimulus over a /da/ simultaneously presented to the other ear. This
hypothesis was not supported by the data. Rather, the response pattern suggested that a listener’s success
in perceptually integrating the aspiration noise (of /ta/) with the fused vocalic portion (of /da/ and /ta/)
into a single phonetic percept depended on the perceived spatial locations of these stimulus portions.
Taken together, the results of the three experiments cast doubt on the category goodness hypothesis and
suggest that dichotic stimulus dominance in fused speech sounds is determined by psychoacoustic factors,

yllables: Trpu»ble for

some as yet undefined.

PACS numbers: 43.70.Dn, 43.66.Rq

INTRODUCTION |

In the large majority of dichotic studies using speech
sounds; the focus of interest has been the direction and
magnitude of the ear dominance effect (or ear advan-
tage). However, theré is a second factor that plays an
important role in dichotic perception. This factor,
called “stimulus dominance” (Repp, 1976a), is the ten-
.dency of one stimulus in a specific dichotic pair to re-
ceive more correct responses than'the other stimulus,
regardless of the ear in which it occurs.  Ear domi-
nance and stimulus dominance are independent factors
that jointly determine the listener’s responses to di-

“chotic stimulus pairs. '

Most dichotic experiments in the past have used stim-
uli that did not fuse and thus were heard as more or
less separate events. Stimulus dominance effects have
occagionally been noted (e.g., Berlin et al., 1973), but
they did not appear to be theoretically interesting at the
time. More recent work using fused dichotic syllables
has-changed this state of affairs (Repp, 1976a, 1977a,
1977b, 1978a). Stimulus dominance plays an important
role in agsessing ear dominance with fused stimuli, -

" comparable to the role of response bias in signal detec-
tion tasks (Repp, 1977), In addition, stimulus domi-

_nance relationghips may reveal some interesting facts

- about the nature of dichotic stimulus interaction. By
identifying the properties that make one stimulus domi~
nate another, important information may be obtained
about the level at which perceptual competition between.

288 J. Acoust. Soc. Am. 67(1}, Jan. 1980

0001-4966/80/010288-18$00.80

fused dichotic stimuli takes place.

‘There are at least three different (not mutually ex-
clusive) levels at which dichotic competition between
speech sounds may be cor)lceived to occur. One is the
phonetic level (Studdert-Kennedy, Shankweiler, and
Pisoni, 1972). I dichotic. competition occurred solely
between categorical phonetic representations (sylla-
bles, phonemes, or features), acoustic stimulus varia-
tions within a phonetic category should have no influ-
ence on the degree of dominance that a stimulus from
that category exerts over stimuli from other caiegor-
ies. However, there is now ample evidence that this is

not trye: Within-category ¢hanges in the voice onset

times or the formant transitions of competing syllable-
initial stop consonants do significantly change stimulus
dominance relationships (Miller, 1977; Repp, 19'76a,
1977a, 1978a). Thus, dichotic competition is certainly
not exclusively phonetic in nature, although there may
conceivably be a phonetic component to the process..

Perhaps the most obvious level at which dichotic com-
petition between fused syllables might occur is that of
auditory processing. The phenomenon of dichotic fusion
itself is determined by rather low-level auditory prop-
erties of the signals; thus, fusion can easily be prevent-
ed by introducing slight discrepancies in fundamental
frequency or temporal alignment (Halwes, 1969; Cutting,
1976). However, even though fusion occurs at a rela-
tively low level inthe auditory system, it seems unlike-
1y that the individual auditory properties of the fused
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stimuli are lost at this early level by direct auditory

- interactions, such as masking or integration. Rather,
they are probably retained in some superimposed ot
mixed form, and the dominance of one stimulus property
over another comes about because it is, in some senge,
‘more salient. If this salience reflects auditory stimu-
lus properties, then we might expect stimulus domi-
nance relationships to change (if they change at all) as
a relatively smooth and continuous function of changes
in acoustic stimulus parameters, as long as these chan-
ges do not introduce discontinuities in auditory percep-
tion. Let us call this the audifory salience hypothesis.

In experiments on dichoti¢ voicing contrasts (syllable-
initial stop consonants contrasting only in the voicing
feature, such as /ba/-/pa/), this prediction has gener-
ally been supported: The voiceless stimulus.in'a pair

"becomes more (less) dominant as its voice onset time
is increased (decreased); and similar, although small-~
er, effects are obtained by manipulating the voice onset
time of the voiced stimulus in a pair (Miller, 1977;

. Repp, 1977a, 1978a). -However, in a study of dichotic
place contrasts (syllable-initial stop consonants con-
trasting only in place of articulation, such as /ba/~
/da/), Repp (1976a) found an interesting irregularity in
the effects of acoustic parameters on stimulus domi-
nance, which led him to formulate the hypothesis that
is the focus of the present studies.

In this earlier experiment, seven different conso-
nant-vowel syllables were presented for identification
in all possible dichotic pairings. The stimuli were dis-
tinguished only by the initial transitions of the second
and third formants (F2 and F;) whose onset frequencies
‘were varied to form a continuum from /bz / to /da / to

/gx/. When presented d1chot1ca11y, these stimuli were

perfectly fused and sounded like single syllables pre-
sented binaurally. The results showed a clear effect of
‘variations in F, and F, transitions on stimulus domi-
nance, even when these variations occurred within a
phonetic category. However, this effect was not mono-
tonic with the changes in F, and F,;. In particular, when
stimulus 1 (/b= /) was paired with stimuli 3-7 (/d=/,
/g 2= /), the percentage of B responses showed a local
maximum in the pairing with stimulus 5, which hap-
pened to be ambiguous between /d=/ and /g= /. This
finding suggested that yet another property of the stim-
uli may be important in dichotic competition: the “ca
- tegory goodness” of the stimuli. Stimulus 5 was am-
biguous and hence not a good example of any category.
This may have been the reason why-it was-a weaker di-
chotic competitor for /bz / than its ne1ghbors on the
stimulus continuum.

This interpretation suggests a determinant of dichotic
stimulus dominance intermediate between the auditory
and phonetic levels, Inthe context of recent models of
phoneme recognition, this intermediate level has been
termed the “multicategorical” (Repp, 1976a, 1977a) or
“prototype matching” stage (Oden, 1978; Oden and Mas-
saro, 1978). At this level, the perceptual system is
assumed to determine how well-a stimulus matches any
of several category prototypes. When two competing
dichotic stimuli enter the system, a stimulus that'is
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close to a prototype will tend to dominate ofrer a stimu-
lus that is far from any prototype. This is the category
goodness hypothesis.' There are geveral possible con-

- ceptions of the mechanisms involved; assuming a “race

for the nearest prototype” in auchtory space would be an
example.

Since variations in acoustic stimulus parameters

_change not only the perceptual distance of the stimuli

from the category prototypes but possibly also the sa-
lience of the auditory cues, the predictions of the cate-
gory goodness hypothesis for changes in stimulus domi~
nance are often difficult to distinguish from those of the
auditory salience hypothesis. Nor are the two hypothe~
ses mutually exclusive, The evidence in favor of the
category goodness hypothesis, as applied to dichotic
listening, rests primarily on the demonstration that am-
biguous stimuli are weak in dmhohc competion with un-
ambiguous stimuli in cases where no such weakness
would be predicted on the basis of auditory salience.
Repp’s (1976a) results were merely suggestive in that
regard. It was the purpose of experiment I to investi-
gate this quéstion in more deta11

I. EXPERIMENT I

In order to obtain more precise data than in the earl-
ier study (which had used only seven different stimuli),
a 15-member /bze /~/da/~/g® / continuum was cre-~
ated by varying the onset frequency of the F, transition,
(The F, transition was held congtant, as explained be-
low.) All stimuli were dichotically paired with them-
selves, and with stimuli 1, 8, and 15, which were rep-
resentative of the three phonetic categories. Consider
the results that might be obtained for stimulus 1 (/b /)
when paired with all others and presented for identifi-
cation as B, D, or G. When the percentage of B re-
sponses is plotted as a function of the number (i.e., lo-
cation on the continuum) of the stimulus competing with
stimulus 1, a “stimulus dominance function” is obtained
that descr1bes changes in the relative dominance of -
stimulus 1 as the formant transitions of the competing
stimulus are changed, According to the auditory sa-
lience hypothesis, this function should be relatively
smooth and continuous; its precise shape will depend on
whether or not the other stimuli tend to dominate stim-
ulus'l, (We assume , for the time being, that auditory
salience is a smooth function of acoustic changes in for-
mant transitions.) The category goodness hypothesis,
on the other hand, predicts a significant local increase
in B responses in the region of the /d= /-/g = / cate-
gory boundary, where the competing stimulus is amb1g-
uous (and therefore expected to be weaker in dichotic
competition). A similar stimulus dominance function
may be obtained for stimulus 15 (/g /) paired with all
others, with the percentage of G responses as the de-
pendent variable. ‘Here, the category goodness hypoth-
esis predicts a local peak in the function at the /o /=~
/d= / boundary.

In order to make sure that these local peaks, if ob-
tained, are really related to the category boundaries— -
and thus to the phonetic ambiguity of the competing:
stimulus—two different stimulus sets were used in the
present experiment. They were distinguished by the
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presence or absence of a rising F, transition which re-
mained constant over the whole stimulus continuum,
The F, transition'is known to affect the perception of
place of articulation, particularly the size of the alveo-
lar category on continua such as used here (Harris

et al., 1958; Hoffman, 1958), Thus, the two different
stimulus series were expected to have their category
boundaries in different locations. Accordingly, the lo-
cal pedks in the stimulus dominance functions predicted
by the category goodness hypothesis should appear at
corresponding different locations in the two stimulus
series. s

The category goodness hypothe‘sis.' also predicts that
a stimulus from within a given category should domi-

nate stimuli ambiguous between this same category and. -

a neighboring category., For example, a good /b /
(stimulus 1) should dominate stimuli ambiguous between
/o /and /dz/. In the stimulus dominance function
for stimulus 1, this should be reflected in a high level
of B responses extending from the /ba / category be-
yond the /ba /-/da/ boundary, Confirmation of these
predictions in addition to those made above would con- -
stitute strong evidence in favor of the category good-
ness hypothesis.

A. Method
1. Subjects

Six subjects participated. On_é of them was the auth-
or; the others were paid volunteers (four Yale under-

graduates and one high-school student). All but one had

. participated in earlier experiments and had been se-
lected because of their accurate performance with syn-

- thetic speech stimuli, One subject had no experience

with synthetic speech but did just as well as the others.

2. Stimuli

The stimuli were two sets of 15 synthetic syllables
produced on the Haskins Laboratories parallel reso-
nance synthesizer (frame rate=200/s) and ranging
perceptually from /b / to /de/ to /g=/. All syl-
lables were 280 ms long, had a constant fundamental
frequency of 114 Hz, a voice onset time of —15 ms (.e.,
prevoicing), 45-ms stepwise-linear formant transitions
‘including a’ rising transition in F,, and no burst but an
abrupt onset of energy following the prevoicing. (Very
similar stimuli had been used by Pisoni, 1971, in his
studies on categorical perception.) Within each set,
the stimuli differed only in the onset frequencies of F,,
which are shown in Table I. One stimulus set had a-
constant F, transition that rose from 2180 to 2862 Hz '
(“rising F3"). The other set had no F, transition; F,
remained constant at 2862 Hz in all stimuli (“flat F.”).
The presence of a rising F, transition was expected to-
bias perception against D, and more toward B and G.

All stimuli were digitized at 8 kHz using the pulse
code modulation system at Haskins Laboratories. Di- -

_chotic pairs were created from the digitized waveforms -

‘with a specia;l-purpose,compui:_er program.? The tape
contained three sequences of 228 stimulus pairs each.
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Each sequence contained the following combi'nations -
within each stimulus set: all 15 stimuli paired with
themselves twice (30 binaural pairs); stimulus 1 paired
‘with all others, in both channel assignments (28 dichotic
pairs); stimulus 8 paired with all others (28 pairs); and
stimulus 15 paired with all others (28 pairs).. (Pairs 1
+8, 1+15, and 8+15 were unnecessarily duplicated and
occurred twice as often as the other pairs.) Stimuli
from different sets were never paired with each other,
All in all, there were 30+3x28=114 pairs from each
stimulus set, which were randomized together. The in-:
terpair interyal was 2 s,- The three sequences of 228
pairs were separated by lenger intervals.

3. Procedure

'The experiment required three 1-_hour sessions,
held on different days. The subjects were instructed
to identify the initial consonants in each (fused) stimu-

. lus as B, D, or G. In each session, the stimulus tape

was played twice; thus, at the end of the experiment,
each subject had given a total of 36 responses to each

" stimulus pair (18 to each channel assignment of a di-

chotic pair), except for the three duplicated pairs, which

- received 72 responses each. The subjects knew that

there were both binaural and dichotic stimuli in the
sequence; but, as Repp (1976a) has shown, fused dichotic
syllables contrasting only in their initial formant transi-
tions are practically indistinguishable from binaural
syllables, and the present stimulus sequences indeed )
sounded like homogeneous lists of single syllables or-

iginating in the center of the listener’s head.

The tape was played back on an Ampex AG-500 tape
recorder. The subjects listened over Telephonics
TDH-39 earphones, Playback amplitude was adjusted
and monitored on a Hewlett—Packard voltmeter, and

special care was taken to equalize the amplitudes of the
* two channels at about 85 dB SPL (peak deflections on a

voltmeter for a single stimulus). The tape recorder
channels were reversed electronically halfway through .
each session, in order to counterbalance any possible
quality differences between tape tracks.

TABLE I. F, onset frequencies of the stimuli in experiment I,

' Stimulus No.,

F, onset (Hz) .

1 1155

2 1232
-3 1312
4 1386
"5 1465
- 6 1541
7 1620
8 1695
9 ' o172
10 , 1845
11 ° 1920

12 ) 21996 .
13 2078
14 2156
15 ’ 2234

. Steady state of F, 1620 -
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B Results.

1. Bmaural ident:f:cation

’I‘he average hbehng functmns for the two sets of 15

shmuh, when presented binaurally (random1zed together .
with the dichoti¢ pairs) are shown in Fig. 1. The solid .

functions represent the set with a rising F,. It canbe
seen that the D category was fairly narrow, and D re-
sponses did not exceed 90% to any. stimulus, This was
expected, since alveolar stops normally require a fall-
ing F, transition. Clearly, however, an F, transition in
the range appropriate for alveolars perceptually over-
rode the conflicting F; transition. In the stimulus set
with no F; transition (dotted functions), the D category -
'was more prominent and occupied a larger region on
the stimulus continuum. As 'expected, both category
boundaries shifted outward as the onset frequency of F,

was raised (rising versus flat transition), thus reducing

the frequency of Band G responses, which normally
require a low F, onset. The shift was significant,
F(1,5)=19.2,p <0,01, Still, the F, transition remained

the dominant cue for the perceived place of articulation’

2. Dichotic stimulus dominance functions

Figure 2 shows the stimulus dominance functions sep-

arately for the two stimulus sets (solid versus dotted

" lines). The results of the six subjects were averaged to
obtain this figure. The left-hand panel shows the per-
centage of B reésponses for the combinations of stimulus
1 (/b /) with stimuli 1-15 (“+ 1 pairs”); the center
panel shows the percentage of D responses for the com-
binations of stimulus 8 (/dz /) with stimuli 1~15 (“+8

* pairs”); and the right-hand panel shows the percentage

of G responses for the combinations of stimulus 15

(/g /) with stimuli 1-15 (“+15 pairs”). The locations

" of the category boundaries for the binaural stimuli (Fig.

1) are indicated by arrows in Fig. 2. Ear of presenta-

tion was ignored in this analysis, and all data were

collapsed over this factor. (Ear dommance results are

described in the Appendix.)

Consider first the panel labeled B(+1), . The solid line
describes the extent to which stimulus 1 (/b /) domi-
nated the other stimuli on the rising~F, continuum, as

. e—R1SING F3
o FLAT F3

Bl+1)

1001

& ] 8
; ? 7

PERCENTAGE OF RESPONSES
8

e RISING F3
tusessrsenme FLAT. F3 *°

OIS

F o
(=3 (=] 8

PERCENTAGE OF RESPONSES

‘N
[=3

123 45 67 8 910]112131415
.STIMULUS NUMBER

FIG. 1. Experiment It Percentages of B, D, and G responses
to binaurally presented stimuli with a rising or flat third for-
mant (Fy). .

reflected in the percentage of B responses. In combi-
nations with stimuli 1- 5, which themselves were identi-

fied as Bin binaural presentat1on there were, of
. course, almost 100% B responses. This portion of the

function is of little interest. From stimulus 6 on, B

responses fell below 100%, indicating the presence of
phonetic conflict. However, for all stimulus combina-
tions on the rising-F, continuum, the percentage of B

.{responses’ remained substantially above 50%, the level
of perceptual equilibrium. Thus, stimulus 1 was per-

ceptually dominant in all these dichotic pairs.

The category goodness model predicted that the stim-
ulus dominance function for stimulus 1 would exhibit -
a peak at the location of the D~G category boundary.
There was indeed a clear peak in the dominance func-
tion {solid line); however, it occurred at stimulus loca-:
tions 11 and 12, and thus fell somewhat to the right of -
the D-G boundary (located at 10,02). Stimulus 10, which
was ambiguous between /d '/ and /g /, was less dom-
inated by stimulus 1 than stimuli 11 and 12, which re-
ceived predominantly G responses in binaural presen-

D(+8)

" G(+15)

U S (OO ST SOV VR S S S 1

1 23 4 5 6 7 8 91011213415

PP SO R T VU SO WY S VAT S S
l2345b78910||l2|3lll‘5

STIMULUS NUMBER -

12345b78910|||2131415

FIG. 2. Experiment I: Percentages of B, D, and G responses to stimuli dichotically fused with a constant stimulus representa-

tive of the corresponding phonetic category (+1, +8, +15).
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. tation. Thus, while the existence of a peak in the func-'\ :

tion would seem to support the category goodness hy-
. pothesis, its precise location does not agree w1th the
predictions.

In the dominance function under consideration, a peak"
at the B-D boundary cannot be discerned because of the
high response ceiling to the left of the boundary Never-
theless, the category goodness hypothes1s does predlct
that stimuli ambiguous between /b= / and /d2/ should
be strongly dominated by a good /b /. Indeed, the =
pairing of stimulus 1 with the ambiguous stimulus 6 .
(66.7% B responses binaurally) recieved 96.8% B re-.
sponses, which indicates that stimulus 6 was almost
completely dommated by the less ambiguous stimulus
1., This is in agreement with the category goodness
hypothesis.

Turmng now to the second function in the B(+1) panel '
of Fig, 2—that for the stimuli with a flat Fy (dotted
line)—~we note first the drastic reversal in the relative -
dominance of stimulus 1. In all combinations with stim-
uli 7-15, stimulus 1 was the less dominant component,
and B responses constituted a minority. The large ef-
fect of the change in F3 on the dichotic response fre-
quencies is surprising in view of the fact that it re- '
duced the binaural identifiability of stimulus 1 as B by
only 6.5% (from 100% to 93.5%). Nevertheless, the
same change in F; reduced the percentage of B respon-
ses to dichotic pa1r1ngs ‘of stimulus 1 with phonetically
conflicting stimuli by as much as 60%. :

Asg in the rising-F, function, a peak appeared at
stimulus locations 11 and 12 in the flat-F, function also.
This peak was rather small but, because of the shift in
" the binaural D-G boundary to the right (now located at
" 10.69), it was somewhat closer to the predicted loca-
tion. Moreover, the most ambiguous stimulus at the
B-D boundary, stimulus 5 (56.9 responses binaurally),
was strongly dominated by stimulus 1 (88,0% B respon~-
ses, as compared with 93. 5% for stimulus 1 binaurally).
Tlus lends support to the category goodness hypothe51s.

Consider now the center panel in Fig. 2, which shows
the dominance functions (percentage of D responses) for
stimulus 8 (/dz /) paired with all others. In the rising-
F, set, stimulus 8 was dominated by stimuli 1-4 (/be /)
but in approximate perceptual equilibrium with stimuli
12-15 (/g /). When F, was flat (dotted line), on the
other hand, stimulus 8 dominated all other stimuli on
the continuum, despite the fact that a natural /dz/ typ-
jcally has a falling F, transition. The change in domi-
nance was especially pronounced in competition with
stimuli 1-4, in agreement with the results shown in the
B{+1) panel.

Since both category boundanes are adjacent to the
critical response category, D, we cannot-look for dis-
- tinct peaks in the D(+8) functmns but stimulus 8 never-

theless should have strongly dommated ambiguous stim-

uli in'the boundary regions. Taking the clearest ex-

ample, D responses to stimulus 10 with-a rising F,

changed from 57.4% binaurally to 78. 2% when fused with
_ stimulus 8 (as compared with 88.4% to stimulus 8 bi-

naurally) This indicates only moderate dominance of
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stimulus 8 over the amblguous stimulus 10, 50 that no
strong support for the" category goodness model can be
derived from this pomon ‘of the data.

Finally, consxder the G(+15) dommance functions in
the right-hand panel of Fig. 2. Stimulus 15 (/g2 /) with
a rising F, tended to be dominated by /b® / stimuli but

. was in approximate equilibrium with /da / stimuli
(solid line).

. E}imination of the F, transition made
/g / weaKer in competition with /dz / stimuli but
slightly stronger in compet1t1on with /I:ae / stimuli

. (dotted line).* Both dominance functions were decidedly.

nonmonotonic in the region of the B—D boundary, as pre-
dicted by the category goodness hypothesis: They ex~
hibited broad peaks whose centers coincided approx-
imately with the boundary locations. (The solid function
does not show a ‘péak but a plateau; however, this may -
be interpreted as a peak superimposed on a steep gra-
dient.) Also, amb1guous stimuli in the D-G boundary
region were strongly dommated by stimulus 15, For
example, stimulus 10 with a rising F; received 41. 2%

G responses binaurally, but 92.1% G responses when

- fused W1th st1mu1us 15.

It would be good to know whether the various peaks in
the dominance functions were significant, or whether
they were simply due to variability in the data. Unfor-
tunately, there is no easy significance test, since the
overall shapes of the stimulus dominance functions
camnot be predicted; moreover, they varied from sub-
ject to subject. Instead of a numerical test, a qualita-
tive summary of the individual data is presented in Ta-
ble II. ' This summary indicates that the peaks were
reasonably consistent across subjects.

C. Discussion

The results just discussed confirm Repp’s (1976a)
finding that stimulus dommance functions obtained by
pairing a constant stimulus with all other stimuli along -

~a place- -of-articulation continuum exhibit local peaks in

the vicinity of category boundaries.. Such peaks were
predicted by the category goodness hypothesis outlined
in the Introduction. However, the: peaks were not lo-
cated exactly at the boundaries but typically somewhat
more toward the ends of the continuum. They also
failed to shift as a consequence of changes in Fy. This

‘creates a problem for the category goodness assump-

tion,
The possibility that the peaks in the dominance func-
tions were determined by purely auditory factors must
be given serious consideration. However, if there is an
auditory explanation, it will not be a simple one. It has
been hypothesized that phonetic category boundaries
generally coincide with points of natural psychoacoustic
discontinuity (e.g., Kuhl and Miller, 1978)., However, in
the case of place-of-articulation distinctions, there is
as yet no clear evidence in support of this hypothesis
(cf., Bailey, Summerfield, and Dorman, 1977). I some
psychoacoustic discontinuities could be shown to coin-
cide with the phoneme boundaries, then it might be ar-
gued that audxtory cues are less salient in the vicinity
‘of these boundaries because they are less salient at
points of psychoacoustic discontinuity. However, there
Bruno H. Repp: Stimulus dominance 292



TABLE II.  Peaks in stimulus dominance functions in vicinity of distant category boundaries: qual-~

itative summary of individual data in experiment I. -

B(+1)

G:(+15) -

Subject * 'Rising Fy Flat Fy Rising Fy © Flat Fy
BHR large (11-12) small (10-11) small (6) - small (5)
KH . large (11-12) floor none small (4)
NK ceiling - - sinall (11-12) large (4-5) large (3-5)
SM ) ceiling small (11) hump (6~-7) - large (4—6)
wT large (11-15) small (12) hump (4-7) ‘small (4-7)
JK | * hump (11=12) none large (3—5) small (5—6)

Note. Numbers in parentheses are the stimulus locations over which peaks extended. A “large”
peak generally i€ an elevation of 20% or more. A “hump” is a peak superimposed on a steep gradi-
‘ent'[as in the rising-F;, G(+15) function in Fig.2]. Cases where no peak could be distinguished are
indicated by “ceiling,” “floor ” or “none,” depending on the overall level of the function in the criti-
cal regio_n; when a function was at the ceiling, a peak may have existed but could not be observed.

is no direct support even for this latter. contention.

An’explanation in auditory terms is complicated by
the fact that the pr‘esent binaural category boundaries,
as well as the peaks in the dichotic stimulus dominance
" functions, were not symmetrically located with respect
to the stimulus with a flat F, transition, stimulus 7 on
the continuum (cf., Figs. 1 and 2): The B-D boundary
was closer to stimulus 7 than the D-G boundary. The
psychoacoustic thresholds for detecting the presence
and/or direction of rising and falling F, transitions
would be expected to be roughly equidistant from the
stimulus with no transition at all. Of course, it is pos-,
sible, even likely, that these thresholds critically de-
pend on the frequencies and trajectories of other for-
mants that are simultaneously present. For example,
the rising F, transition in the present stimuli may have
 made rising F, transitions easier to detect than falling
F, transitions, although this seems somewhat counter-
intuitive. On the other hand, the locations of percep-
tual boundaries for phonetic distinctions are often found
to agree with the acoustic consequences of natural
speech production. ‘Therefore, the hypothesis that
identification of speech sounds is somehow mediated
by relationships to internal prototypes (Repp, 19762,
1977a; Oden and Massaro, 1978) retains its _plausibility.
But is the dichotic competition of speech sounds gov-
erned by such relationships? ' :

The case for the category goodness hypothesis is fur-
ther weakened by the results of several recent studies,
all employing two-formant synthetic stimuli in dichotic
presentation, that did not obtain the peaks at category
boundaries found in experiment I (Whittaker and Porter,
1976; Pompino et al., 1977; Repp, 1978¢c). As will be
seen, the present experiment II, which employed three-
formant stimuli somewhat different from thoSe of ex-
periment I, also failed to replicate that aspect. This
accumulating evidence, suggests that the stimulug dom-
" inance pattern in experiment I reflected complex, and
as yet undefined, psychoacoustic properties of the spe-
cific stimuli used. Leaving the uncovering of these

properties for future research, experiment II instead -

attempted to find support for the idea underlying the
category goodness hypothesis, viz., that there exists a
“multicategorical” stage of stimulus representation be-

anmn

fore dichotic information is integrated into a single pho~
netic percept. '

1. EXPERIMENT Il

One of the most reliable findings in speech percep-
tion research is the categoric¢al perception of stop-con-
gonant-vowel syllables varying in the formant transi-
tions that cue place of articulation. Syllables from
such a continuum invariably exhibit sharp category
l\aoundaries in a labeling task, and their discrimination
is little better than predicted under the assumption that
all a listener retains of a stimulus is its phonetic label '
(Liberman et al., 1957; Pisoni, 1971).

“However, Repp (19'76b) recently reported a curious
result that does not fit the customary pattern. His
stimuli were fused hybrid syllables composed of two

“different inputs to the two ears, similar to the stimuli
of experiment I. . He presented these fused stimuli in a
diserimination task and compared the obtained perfor- '
mance with predictions obtained from earlier identifi-
cation data for the same stimuli (Repp;, 1976a). In the
diserimination task, the stimulus in one ear was held
constant, so that the difference to be detected occurred
only in one component of the fused stimuli, Perfor- -
mance was predicted to be very poor, since fusion with
a constant stimulus greatly reduced the phonetic dis-
tinctiveness of the stimuli. However, the obtained dis-
criminations scores were much better than predicted
and, moreover, exhibited characteristic peaks that
coincided with those obtained in a control condition in
which the stimuli were presented binaurally (not fused
with a constant ‘stimulus). This seemed to provide an
instance of categorical perception without clearly de-
fined categories—a paradoxical result.

This finding was especially interesting, since it could
" be explained by the aésumptibxi underlying the category
goodness hypothesis—that the integration of info'rmg-
tion from the two ears takes place at a level interme-
diate between auditory and phonetic representations.
At this intermediate, “multicategorical” level, a stimu-
lus is assumed to be represented as a vector whose ele-
ments are the perceptual distances of the stimulus from
the several relevant category prototypes in auditory _
space. Dichotic fusion of two stimuli is assumed to re-

Bruno H. Repp: Stimulus dominance 293



sult in-the averaging of their multicategorical vectors.

. If it is further assumed that the discrimination of two
stimuli is based on the distance between their vectorial
representatlons the paradoxical results of Repp (1976b)

“can be explained. Obviously, the relative distances
among the'members of a stimulus set remain unehanged
when all stimuli are fused with the same cohstant stim-
ulus, i.e., when the same constant vector is added to all
md1v1dua1 stimulus vectors; only the absolute magmtude
of the distances decreases. This corresponds to a de-

- crease in overall discriminability, without any change
in the relative discriminability of different stimulus
pairs, as reflected in the peaks and troughs of the dis-
crimination function. This 1s precisely what Repp
(1976b) obtained. -

Unfortunately, there were some procedural problems
in these earlier experiments. Having realized that the
temporal alignment of the dichotic stimuli contained a
random error that may have led to artifacts in the dis-

* crimination task, Repp (1976b) replicated the experi-
‘'ment, taking great peins to align the stimuli on the two

" tape tracks as precisely as possible, and obtained es~

sentjally the same results. However, it has since

" transpired that, unbeknownst to him, the specific proce-

dure he used in the replication experiment (two-channel

output of stimuli digitized at a 20-kHz sampling rate)

did not function properly at the time and may have re-

- sulted in intensity and quality differences on the two
tape channels. It would be difficult to explain how the
quite different technical problems in the two experi-
-ments could have led to similar patterns of results that,
moreover, resembled those obtained in a binaural con-
trol condition. Nevertheless, it seemed advisable to
conduct another replication experiment that is free from
all previous procedural problems. This was the pur-

" pose of experiment II. In addition, the experiment com-
pared performance in dichotic and mixed (binaural) pre-
sentation conditions. ' :

A. Method
1. Subjects

The subjects were eight paid volunteers recruited
from Yale University. All had participated in at least
one earlier experiment using synthetic speech and had
proven to be accurate listeners,

2. Stimuli

The stimuli were eight syllables from a “place con-
tinuum” ranging from /ba/ to /da/ to /ga/, created on
the OVEIIIc serial resonance synthesizer at Haskins
Laboratories. All syllables were 295 ms in duration
and had a constant fundamental frequency of 94 Hz.
They had no release bursts and differed only in the
transitions of the second and third formants (F, and F;)
which occupied'the first 40 ms. The transmon onset .
frequencies and steady state frequencies of F,and F,
are shown in Table III, In addition, each stimulus had a
transition in F, which rose from 285 Hz to a steady
‘state of 771 Hz; F, and F; were hardware-fixed. All

transitions were stepwise linear in 5~-ms time segments. -
: S !

The stimuli were digitized at 8 kHz using the Haskins -
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Laboratones Pulse Code Modulatlon (PCM) system. 3
The onset of the first sampling period was time-locked
to stimulus onset, as was the occurrence of the first

. pitch pulse in synthesis. Two dichotic tapes were pre~

pared: one for 1dent1ficat10n the other for discrimina-
tion,

The zdentzﬂcatzon tape contamed five blocks of 42
stimuli each.. These 42 stimuli were 4 random sequence
.of 16 identical pairs (two presentations of each stimu-
lus paired with itself) and 26 nonidentical pairs (all
pairings of stimulus 1 with stimuli 2-8, and of stimulus
8 with stimuli 2— 7, in'both channel ass1gnments) The

" interstimulus 1nterva1 wasg 3 s, and blocks were sepa-—

rated by 6 s,

The dzscnmmatzon tape contained four blocks of AXB
triads.® Blocks 1 and 4 contained only identical (bi-
naural) pairs of st1mu11 i.e., each individual stimulus
in a triad consisted of the same stimulus recorded on.
both channels. There were the same 50 AXB triads in
each of these blocks, including all seven 1-step (1 ver-
sus 2, 2 versus 3, etc ) and all six 2- -step- (1 versus 3,

2 versus 4, etc.) st1mulus comparisons in all four AXB

. arrangements (AAB, ABB, BAA, BBA). By mistake,

two AXB triads (1-3-3 and =5 5) were omitted, reduc-
ing the number of triads per block from (7+6) ><4 52

to 50. Blocks 2 and 3 constituted a single series of 308
AXB triads, divided by a pause in the middle. These
208 triads resulted from the followmg design: The same
52 stimulus triads ag in blocks 1 and 4 (i. e., all 1-step
and 2-gtep comparisons in all AXB arrangements, with
no omissions) occurred on one channel, while a constant
stimulus occurred on the other channel. The constant
stimulus was either st1mu1us 1 or stimulus 8, and it
could occur on either of the two channels 80 that all in
all, there were four times as many triads as in blocks
1lor 4 (4x52=208). The interstimulus intervals were
500 ms w1th1n triads and 3 s between triads.

3 Procedure

Each subject was tested in two 2-h sessions. In one
of these sessions (the dichotic condition) , the two chan-
nels of the tapes were directed to different ears. Inthe
other session {the mixed condition), the two channels
were electronically mixed and presented binaurally.
The sequence of the dichotic and mixed conditions was
counterbalanced across subjects. Since the stimuli on
the two,channels were exactly simultaneous and in

TABLE III Onset frequencies and steady states of F, and Fs in
the stimuli used in experiment II.

F, (ﬁz)

. Stimulus : Fy (Hz)
1 859 1795
2 ‘1037 . 2150
3 1224 2502
4 1404 2998 -
5 , 1588 . 2998
6 1770, 2502
7 1770 2197
8 1770 1902

Steady states 1233 2520
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phase, all stimulus pairs were perceived as single syl-
lables originating in the center of the listener’s head,
both in dichotic and in mixed presentation. In each ses-
sion, the identification tape was presented first and re-
peated once, after the tape recorder channels had been
electronically reversed. The discrimination tape was -
also repeated once, again with channels being reversed
prior to repetition,

The subjects were fully informed about the nature of
the stimuli. They were instructed to respond with B,
D, or G in the identification task, guessing if necessary.
In the discrimination task, the response was to be A if

" the second stimulus was identical to the first and B if
the second stimulus was identical to the third; again,
guessing was required in the case of uncertainty,

‘The tapes were played back on an Ampex AG-500
tape recorder, and the subjects listened over Telephon-
~ics TDH-39 headsets. The electronic mixer was built
at Haskins Laboratories. The amplitudes of the stimuli
in the two channels were carefully equalized at a com~
fortable listening level, using a Hewleti~Packard volt-
meter. In the mixed condition, the output was attenuated

by 10 dB after mixing; this made the amplitudes approx-

imately equal in the dichotic and mixed condltlons.
" B. Results '
1. Ildentification: Identical pairs

The response to pairs of identical stimuli constituted
the baseline identification data for the eight syllables.
"The labeling probabilities were expected to be unaffec-
ted by the mode of presentation—binaural or mixed.

DICHOTIC

Figure 3 shows that this was true. In this figure, the
top panels are for the dichotic condition, and the bottom
panels are for the mixed condition; the three panels in

each row represent B, D, and G responses, respective~
1y, as a function of stimulus number. The data for iden-

_ tical pairs are represented by the solid lines, It canbe

seen that the dichotic and mixed results were practically
identical, and that the two category boundaries—be-
tween B and D and between D and G—were unusually
sharp. - There was a complete switch from B to D per-
cepts’between stimuli 3 and 4, and the change from D to
G between stimuli 6 and 7 was almost as abrupt. In
view of the fact that these represent the average results
of eight subjects, the consistency of the labeling re-
sponses is quite remarkable; they reflect ,favorably on
the quality of stlmuh and hsteners.

2 Identification: Nonidentical pairs

The labeling results for nonidentical pairs are shown
as the broken lines in Fig, 3. The dashed line repre- -
sents pairings of the stimuli on the abscissa with the
constant stimulus 1 (+1 pairg); the dotted line repre-
sents pairings with the constant stimulus 8 (+ 8 pairs).
Ear of presentation has been ignored in this analysis;
the relevant data are presented 1n the Appendix,

St1mu1us 1 was percewed as Binisolation. There-
fore, it was expécted that the labeling probabilities for
+1 stimulus pairs would be biased toward B, relative to
the labeling probabilities for identical pairs. The ex-
tent of the bias reflects the degree to which stimulus 1
perceptually dominated phonetically conflicting stimuli.

-Figure 1 shows that stimulus 1 was a weak dichotic

st IDENTICAL
Soman 1
innnd +8

~ FIG. 3. Experiment O: Per-
centages of B, D, and G res-

PERCENT RESPONSES

STIMULUS NUMBER
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ponses to identical-and non-
- identical stimulus pairs in di-
chotic and mixed presentation.
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cbmpetitor: -B responses to its pairings with fsﬁmuli
5--8 reached only 20%, on the average, indicating that B -
was strongly dominated by both D and ‘G. Only in the
pairing with stimulus 4, approximate equilibrium of re-
sponses was reached (40% B responses, 60% D respon-
ses). Mode of presentation affected the pattern of re-
‘Sponses: In"the'mixed condition, B was completely -
dominated by D and G, so that there were practically,no
B responses to pairings of stimulus 1 with stimuli 4-8.
This result is in marked contrast to experiment I and
Repp (1976b), where B (/ba /) tended to dominate other
stimuli (/d/, /ga /). ‘

. Turning now to the +8 pairs, the most relevant infor-
mationis contained in the right-hand panels of Fig, 1,
which show G responses. Since stimulus 8 was heard
as G, it was expected.to increase the number of G re-
Sponses when paired with other stimuli, relative to the
labeling function for these ther stimuli in identical
pairs. It can be seen that this was the case, but the ex-

“tent of the increase in G responses varied widely de-
pending on the nature of the competing stimulus, More -
specifically, G (stimulus 8) dominated B (stimuli 1 and
2), but it was dominated by D (stimuli 4 and 5), This
resulted in a U-shaped function for G responses, In
mixed presentatvion‘, this trend was even more pro-
nounced than in dichotic presentation.

Clearly, D was the most dominant category in these

. stimuli, This can be seen best in the center panels of
Fig. 1, which represent D 'resppnses. The labeling func-
tion was changed relatively little by adding either 'stim-’
ulus 1 or stimulus 8 to the stimuli on the abscissa, par-
ticularly in mixed presentation.®

The unexpectedly strong stimulus dominance effects
in this experiment had the consequence of maintaining
fairly distinet category boundaries even in +1and +8 .
stimuli. In.this respect, the present experiment was
quite different from that.of Repp (1976b), where stimu- ~
lus dominance effects were léss extreme, go that cate-
gory boundaries were blurred by fusion with a constant
stimulus. The precise reason for the radically differ-
ent patterns of stimulug dominance relationships in the
two experiments is not known at present, but there were
a number of differenc_es. in the stimuli that could account
for the difference. . While the present experiment still
provided a valid test of the question whether fused syl-
lables are perceived categorically or not, the condi-
tions under which this test was conducted were consid-
erably more constrained than in the earlier experiment.

3. Discrimination: Identical pairs

The discrimination of identical pairs was expected to

follow the familiar pattern of categorical perception;

h@gh performance across .category boundaries and low
performance within categories, Because of the unusual-
ly sharp category boundaries, this pattern was expected

~ to be especially pronounced in the present data., Pre-

dictions were derived from the labeling probabilities
using the standard formula given in Pollack and Pisoni
(1971),. This formula assumes that all the information
the listener has available are the category labels of the
stimuli, and that the stimuli in an AXB triad are cate-
gorized independently. The predictions were computed
separately for each subject and then averaged,

The left-hand panels in Fig. 4 show obtained and pre-

. dicted discrimination scores for identical pairs in the

a~——a 1-Step Obtained

FIG. 4. Experiment II: Pre-
dicted and obtained one-step

and two-step percent correct
discrimination scores for

identical (binaural) and non-
identical stimulus pairs in
dichotic and mixed presenta~-
tion. Data points are plotted
midway between the stimulus
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dichotic and mixed conditions, respectively. In each pa-
‘nel, there are four functions: obtained one-step dis-
crimination scores (triangles, solid line), obtained two-
step scores (circles, solid line), predicted one-step
scores (triangles, dotted line), and predicted two-step
scores (circles, dotted line). It can be seen that the
‘predicted extreme peaks and valleys in the discrimina-
tion functions were indeed obtained. The match between
predicted and obtained functions was generally good,
‘with obtained performance being somewhat higher than
predicted, which is 2 common finding, Performance in
the dichotic and mixed conditions was extremely simi- -
ilar, as predicted, These results indicate that the stim-
uli were perceived highly categorically in the absence
of dichotic competition, : '

4. Discrimination: Nonidentical pairs

_The remaining panels of Fig. 4 show the predicted and
obtained discrimination results for +1 and + 8 pairs in
the dichotic and mixed conditions. The functions are
exactly analogous to those for identical pairs,’except
that the stimuli to be discriminated were fused with a
constant stimulus. Consider first the + 1 condition,
Sinhce, as we have seen, stimulus 1 was perceptually
dominated by all other stimuli and thus had only a very

small effect 'on labeling probabilities in +1° pairs, dis-
crimination scores in +1 pairs were also expected to be
fairly similar to those for identical pairs., The data
confirmed these expectations, Although discrimination
scores were generally somewhat lower than for identi-
-cal pairs, particularly in the dichotic condition; the pat-
tern.of results was quite similar, and the match be-
tween predicted and obtained +1 discrimination functions
was quite good, particularly in the dichotic condition.
‘Again, obtained scores exceeded predicted scores by
'some margin, probably reflecting an auditory memory
component, L

Because of the marginal effect that fusion with stimu-
lus 1 had on performance, the +1 condition could hardly
serve to test the model of dichotic competition outlined
in the Introduction, However, the +8 condition provided
a better opportunity to do so. As can be seen in the
right-hand panels of Fig. 4, predicted and obtained
scores for +8 pairs deviated from those for identical
pairs, due to the larger effect that fusion with stimulus _
8 had on per’céption. We note that, again, the fit be-
tween obtained and predicted functions was reasonable,
although somewhat less convincing than with the other
stimulus pairs, - ’

According to the hypothesis that fused stimuli are
perceived éategorically, there should be no systematic
deviations between predicted and obtained discrimina-
tion functions, except perhaps for a slight difference in
overall level, due to auditory memory. On the other
hand, the hypothesis, outlined in the Introduction, that
discrimination is based on “multicategorical” stimulus
representations predicts that the obtained +8 discrimi-.
nation functions should match the pattern for identical
pairs (shifted to a lower level of accuracy) more close-
ly than the pattern predicted for +8 pairs. In order to
decide this issue, we need to search for instances where
the predicted functions for identical and + 8 pairs have
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different trends. For example, scores for the 2—4 com-
parison were predicted to be higher than for the 3—5
comparison in the +8 condition, whereas equal perfor-
mance, or perhaps even higher performance for 3— 5,
was predicted in identical pairs. The results in both the
dichotic and mixed + 8 conditions were closer to the lat-
ter than to the former. Another, especially clear in-
stance is the relationship between comparisons 5-7 and
6-8, for which opposite directions were predicted in
identical and in +8 pairs. As can easily be seen'‘in Fig,
2, in this case the results in the +8 condition are closer
to the +8 predictions, There are three relationships
between 1-step comparisons that may be similarly ex-

_amined, For two of these. (1~2 versus 2-3, and 4-5

versus 5-6), the + 8 results go with the + 8 predictions.
For the third (5~6 versus 6-7), another very clear dif-
ference between identical and + 8 pairs, the 8 results:
deviate from the + 8 predictions in the direction of the
results for identical pairs, but they do not nearly ap-

- proach the extreme difference observed there,

In summary, the data fail to provide consistent evi-
dence that obtained + 8 scores are closer to those for
identical pairs than to the predicted + 8 scores, Al-
though there are some trends in thig direction, the over-
all evidence is too weak to reject the categorical per-
ception hypothesis. It'must be concluded that the fused
stimuli in the present experiment were, in essence,
perceived categorically in both dichotic and mixed
modes of presentation. '

C. Discussion

The main conclusion of the present experiment is that -

" the fused syllables were categorically perceived, What-

ever deviations occurred from the predicted perfor-
mance'patte‘rn were not systematic ‘enough to warrant
interpretation, Thus, the listeners in the present ex-
periment apparently relied on phonétic category labels
in making their discrimination responses, regardless of
whether the gyllables were binaural singles or dichotic
(or mixed) hybrids. ' '

. The contrasting results of Repp (1976b) had suggested
that an earlier, multicategorical representation of fused
dichotic stimuli can be accessed in a discrimination
task, The possibility remaijns that such an earlier level
can be utilized only when the stimuli are highly ambigu-
ous at the categorical phonetic level. As pointed out
above, this prerequisite was not sufficiently met in the
present eXpériment. There is increasing evidence in
the literature that categorical perception can be trans-

‘ cended by leading subjects to ignore phonetic categor-

ies and focus on auditory dif_ferences, either by long
practice or by presenting only stimuli from a single,
phonetic category (e.g., Carney, Widin, and Viemeister,
1977; Ganong, 1977). Thus, in order to assess the na-
ture of earlier levels of stimulus representation, pho-
netic categorization must somehow be prevented or de-
emphasized. This hypothesis might be further tested by
-presenting fused hybrid syllables in some of the exper-
imental paradigms designed to reduce the role of pho-
netic categorization.

By indicating that the subjécts did not make use of an
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earlier, multicategorical stimulus code, the present re-
sults do not imply that such a level does not exist.
Therefore, the failure to replicate the findings of Repp
(1976b) cannot be taken ag evidence against the hypothe-
sis that information from the two ears is combined at
such a multicategorical stage. One detail of the pre-
sent data, however, is relevant to that hypothesis; and,
unfortunately, it is not favorable. The category good-
ness hypothesis, which is implied by the multicategori-
cal hypothesis, predicts that stimuli close to a phonetic
- category boundary should be weaker in dichotic ‘compe'—
tition than stimuli farther removed from a boundary
(cf., experiment 1), Figure 4 shows; however, that
stimulus 3 wasg stronger in competition with stimulus 8
than stimuli 1 and 2 (note the peaks in the dotted func-
tions in the left-hand panels of Fig. 3), While sucha
detailed result may not be sufficient by itself to reject
the multicategorical hypothesis, it does add to the in-
creasing evidence that the underlying model does not fit
~ the detailed structure of dichotic data very well,

HL. EXPERIMENT 111

Experiment III took a different, and perhaps more di~

. Trect, approach to testing the category goodness hypoth-

" esi$ of dichotic competition, In contrast to experiments
Iand II, the stimuli used were syllables contrasting in
the voicing feature of the initial stop consonant (/da/-
/ta/). 1t is known that the dichotic stimulus dominance
relationship between two fused syllables contrasting in
voicing can be substantially altered by changing the
voice onset times (VOTs) of the competing stimuli, par-
ticularly the VOT .of the voiceless stimulus (Miller,

1977; Repp, 1977a, 1978a). A /ta/ with a long VOT dom-
inates a /da/ in the other ear more than does a /ta/
with a short VOT, This is in agreement with the cate-

- gory goodness hypothesis, since the prototypical voice-
less stop probably has.a fairly long VOT. However, the
effect of variations in VOT -could also be explained by -
interactions at the auditory level. For example, the
longer aspirated portion that goes with a longer VOT .
may simply be more detectable or more salient in a
" fused stimulus composed of /da/ and /ta/, Thus, the

- dependence of stimulus dominance on the VOTs of the

competing stimuli cannot be taken as unequivocal sup-

'port for the category goodness hypothesis.

The results of recent experiments (Repp, 1979) sug-
gested an alternative way of improving the category .
goodness of a /ta/. Inthese studies, it was shown that
an increase in the amplitude of the aspiration noise in
stimuli from a /da/-/ta/ continuum led to more voice-
less responses and could be traded in perception for a
decrease in VOT. By making all stimuli more /ta/-
like, the increase in aspiration amplitude increased the
‘category goodx;ess of stimuli that'were_perceived as
/ta/ to begin with. -Thus, changes in the amplitude of
‘the aspirated portion (relative to the following periodic
portion) may be used to vary the dimension of category
goodness of /ta/ stimuli in a dichotic experiment, in the
' same way that changes in VOT have been used in earlier
- dichotic studies (Miller, 1977; Repp, 1977a, 1978a).

There are two wayé of implementing a change in as-
piration amplitude. One is to lower the amplitude of the
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periodic portion (V) while holding the amplitude of the
-aspirated portion (4) constant, In-the experiment of -
Repp (1979), the resulting reduction in the overall ‘am-
plitude of the syllablé (which is determined primarily
by the periodic portion) had no effect on the responses,
In the context of a dichotic experiment, however, the
procedure just mentioned creates a situation where the
overall amplitude of /ta/ will be. reduced relative to
that of a competing /da/, If overall amplitude differen-
ces between the competing stimuli do not affect their
dominance relationship (and there was some reason to
believe that this might be the case—see below), the cate-
gory goodness hypothesis predicts that a /ta/ with a
higher A/V ratio will be more dominant over a /da/
than a /ta/ with a lower A/V ratio, even though its over-
- all amplitude is lower, Let us call this the strong pre-
diction, © ' ' '
Of course, there is another way of changing the A/V
ratio of a /ta/, viz., by increasing the amplitude of its
aspirated portion, holding everything else constant.
This manipulation would slightly increase the overall

- amplitude of the /ta/ stimulus, and the expected result-

ing increase in its dominance over a /da/ would not be
in conflict with (but most likely larger than) a possible
effect on stimulus dominance of the overall amplitude
‘relationship between the competing dichotic stimuli,
This expectation was the weaker prediction of the cate-
gory goodness hypothesis. :

Thus, if the amplitudes of A and v are varied ortho-
gohally in a /ta/ that is dichotically paired with a /da/,
and if amplitude relationships across ears play no role
(within the limits of the experiment), then one might
expect independent effects of A and V, and the subjects’
responses should be a direct function of A/V ratio in
the voiceless stimulus, as is the case with single stim-
uli presented binaurally (Repp, 19179), :

. -Experiment III also investigated directly the role that
overall amplitude relationships between the competing
stimuli might play in this particular situation, For thig
purpose, variations in the amplitude of the /da/ stimu-
lus were included as an additional factor, Several earl-
ler dichotic studies have examined the role of stimulus
amplitude and found it to have relatively little effect. In

" unfused dichotic stimuli, changes in amplitude relation-
, ships seem to play a minor role as long as one ampli~

tude does not get too low, so that the intelligibility of the
stimulus in one ear is impaired (Cullen et al., 1974;
Speaks and Bissonette, 1975). Thereis some prelimi-
nary evidence from experiments using fused stop~con-
sonant-vowel syllables contrasting in the initial formant -
transitions only (i.e., place-of-articulation contrasts)
that moderate attenuation of the stimulus in one ear has
no perceptual consequences (Repp, 1976b). The present
study is the first to ask the same question about fused
syllables contrasting in VOT. ‘

- Although some earlier studies suggest that amplitude
_relationships are uriimportant, it is dangerous to gen- _
eralize from one situation to another, in view of the dif-
ferent psychoacoustic situations represented by differ~
ent dichotic experiments. In contrast to syllables that
do not fuse, and in contrast to dichotic place contrasts
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erfe ,ly, d1chot1c v01c1ng contrasts are “par-
t1a.11y fused ” given that they differ only in. VOT (Repp,
1978a) The 1mt1a1 asp1rated portionof the voiceless:

E doe not.fuse Wwith the initial (vo1ced) portlon
of the vm,ced stlmulus but the remaining, 1dent1ca1
permdlc t,10n in the. two st1muh fuse perfectly and
ngle audltory image locahzed between the two
T experlments (Repp, 1977a, 1978a) have
steners can perceptually 1ntegrate all these
j¢ p_onents 1nto a s1ng1e phonet1c percept;

‘ hgat a careful hstener can eas1ly deter—

i -] from a psychoacoustlc v1ewpo1nt-—qu1te unique
51tuat10n ies a separate inquiry into the effects of .
amphtude relat10nsh1ps on stimulus. dommance. Need-.
less'to say, such amphtude effects if found, could not
be explained by the category goodness hypothes1s but
rather would haVe to be ascrlbed to’ psychoacoushc fac—
tors, s

A. .-Method
7 Sub/ects

E1ght subJects part1c1pated They 1ncluded the author,
a research assistant, and sixX paid volunteers (Yale
undergraduates) who had participated in prevmus ex-

per1ments using. synthetlc syllables and had proven to be '

reliable listeners.

2. St/mu//

The st1mu11 were generated with the OVEIIIc serial
_resonance synthesmer at Haskins Laboratories. They
‘were stop-consonant-vowel. syllables perceived as either
/da/ or /ta/. Their total duration was 300 ms. ‘Funda-
mental frequency was constant at 125 Hz over the first .
84 ms and then fell linearly to 90 Hz at offset. The ini-
tial formant transitions were stepwise-linear and 48
ms in duration; F; rose from 285 to 771 Hz, F, fell from
1543 to 1233 Hz and F, fell from 3019 to 2520 Hz. The
“duration of the synthes1s time frames was 4 ms.

The change from /da/ to /ta/ was created by replac-
.ing periodic excitation with noise and simultaneously
_increasing the bandwidth of F, to its maximum (thereby

essentially eliminating F,). The amplitude of the as-
piration noise was about 20 dB below that of the follow-
ing periodic portion, as determined by later measure~
ments of the synthesizér output. The periodic- source

. was turned on 8 ms (one pitch period) before voicing
onset but kept at a minimal amplitude. This procedure
insured that the second pitch pulse, which marked the

true onset of voicing, had full amplitude. The stimuli
* had no special release bursts at onset. There were two
basic stimuli: .a /da/ with a VOT of 0 {(i.e., no aspira-
tion at all) and a /ta/ with a VOT of 44 ms."

The two bagic stimuli were digitized at 10 kHz uging
the Haskins Laboratories: pulse code modulation system,
From the digitized waveforms, eight additional versions
of /ta/ were constructed by independently amplifying or
attenuating the aspirated and periodic portions of the
original stimulus. Changes in amplitude in either stim-
ulus portion were achieved by means of a computer in-
struction after placing a cursor at the onset of the first
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true p1tch pulse. Relatwe amphtudes of the asp1rated

- portion of either -6, 0, or +6 dB (relative to the origi-

nal stlmulus) were orthogonally combined with relative
amphtudes of the periodic portion -of either —6, 0, or +6
dB (relative to the original stimulus), . Thus, the st1mu-
lus ensemble included both a 12~dB range in-absolute
stimulus amplitude from —6/~6 to + 6/+86; the slash
symbolizes the partition into aspirated and periodic
stimulus portxons), and a 24-dB range in the relative
amplitudes of aspirated and periodic portions in /ta/

- stimuli (from ~6/+6 at.one extreme to +6/~6 at the.

other), Given a true amplitude ratio between periodic
and nonper1od1c portions of about 20 dB in the original
(0/0) /ta/ stimuli, the total range extended from 8 dB
(+6/-6) to 32 dB ( 6/+ 6).

The independent amplitude variations in the aspirated
and periodic portions of /ta/ will be denoted by A and’
Vpy respectively, to distinguish the latter from the vari-

~_ations in the amplitude of the (all-periodic) /da/, de-

noted by V,. In the experiment, all tokens of /da/ were
paired dichotically with all tokens of /ta/. Thus, the
experiment had a four-way factorial design: A °
(-6,0,+6dB), V,(~6,0,+6 dB), ¥, (~6, 0, +6 dB),
and ear of presentation. (/ta/ in left or right ear) The
orthogonal combination of all four factors led to 54
stimuli that were replicated once and recorded in four
different random sequences of 108, with ISIs of 3 s. The
onsets of the dichotic stimuli were perfectly simultane-
ous, and the identical periodic portlons were always
exactly in phase.

. 3. Procedure’

The stimulus tape was presented twice, in separate
sessions. Tape recorder channels were reversed elec-
tronically between sessions for counterbalarcing pur-
poses. Allin all, each subject listened to eight blocks
0f 108 stimuli. The task was to identify each fused
stimulus as’ begmmng with a D or a T, guessing if nec~
essary.

B. Results

A four-way analysis of variance was conducted on the
response frequencies. There were four highly signifi-
cant effects; no other effect even approached signifi-
cance. Since there was no significant effect involving
ear of presentation, the results were collapsed over this
factor, yielding 32 responses per subject per cell in the
remaining three~factor design. The effects of the three
amplitude factors, V,, A, and V,, are graphically shown
in Fig. 5.

Each panel in Fig. 5 shows the percentage of D re-
sponses as a function of A. In each panel, V; is the pa-
rameter of the three functions (solid lines), whereas Vp
increases across panels, The first effect to be seen ig
a general increase in D responses as V) increased,
comparing data points across the three panels, F(2,14)

. =11,5,p <0,01, Thus, contrary to expectations based on

earlier studies, there was a clear effect of increasing
the amplitude of one stimulus (/da/) on its relative per-
ceptual dominance,

The second effect can be seen in the large displace-
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'FIG. 5. Experiment IIl: Dichotic vbicing contrasts—percentage of D responses as a function of 4, Vo,

lines connect points of equal A/V , ratio.

ments of the three solid functions within each panel, -
This reflects a-main effect of Vr, the amplitude of the
Dperiodic portion of /ta/: D responses increased as Vr
decreased, F(2,14) =9.7, p <0,01. Obviously, this effect
contradicts the strong prediction of the category good-

- ness hypothesis: D responses should have decreased
(and T responses increased) as ¥, decreased, thus in-
creasing the A/ Vr ratio and thé category goodness of
/ta/ stimuli, The effect actually obtained indicates that
not category goodness but overall amplitude was the de-
cisive factor in dichotic competition. '

The third effect displayed in Fig. 5 is the fan-shaped
pattern of the solid functions in each panel, It i'epre-
sents an A by V; interaction, F(4,28) = 4.8, p<0.01.
When in dichotic competition with a /da/, changes in V,,
had a larger effect when A was high then when it was
low. Expressed differently, A—the amplitude of the
aspirated portion—had different effects depending on
the level of V., the "amp]_.itude of the periodic portion in
/ta/. In fact, an increase in A had the predicted effect
—a reduction in D responses—only when V, was high
(+6 dB). When, V, was low (-6 dB), the effect of A was
inverted, higher amplitudes leading to more D (fewer 7)
responses ! Together with the fact that A had no signifi-
cant main effect, this result refutes even the weaker
prediction of the category goodness hypothesis and calls
for explanation. (See Sec. IIIC.)

The interaction just described suggests that, in con-
trast to the perception of single (binaural) stimuli
- (Repp, 1979), a constant A/V, ratio in the /ta/ syllables
did not lead to a constant perceptual result. This is
confirmed by inspecting the dashed lines in Fig, 5,
* which connect points of constant A/V, ratio. These _
lines have uniformly negative slopes, indicating that D
responses decreased as the overall amplitude of the
/ta/ increased, holding A/V, ratio constant.

The fourth effect shown in Fig. 5 is represented by a
rotation of the fan-shaped pattern (due to the A by Vi
interaction) from a downward orientation in the left-
hand panel to an upward orientation in the right-hand
panel, This rotation reflects a V, by A interaction,
F(4,28)=5.2, p <0.01, Thus, the effect of A depended
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and V. The dashed

on both vV, and V,, being in the expected direction when
Vp was low and V, high, negligible when V, equaled
Vp, and in the opposite direction when Vp was high and
Vr was low. This suggests that the subjects’ responses
were essentially a function of A and Vp/Vy ratio. A
comparison of those solid functions representing the
same V,/V, ratio across different panels in Fig. 5 sug-
gests that the direction of the A effect was-indeed simi-
lar in conditions of equal v,/ Vy ratio. There was a
small but consistent additional effect of abgolute ampli-
tude level: An equal increase in the amplitudes of both
competing stimuli (hence, of V,, A, and V, simultane-.
ously) led to a slight increase in D responses,

C. Discussion

'The results of experiment II clearly refute the cate-
gory goodness hypothesis of dichotic competition.
There was absolutely no evidence in favor of it, sugges-
ting that effects of category goodness were truly ab-
sent, not just overcome by more powerful effects of
overall amplitude. Although this negative result has
been obtained in 4 situation with very specific psychoa-
coustic characteristics (partially fused syllables), it ‘
certainly raises grave doubts about whether any dichotic
stimulus dominance effects can be explained by rela-
tive category goodness. Findings previously thought to
support this model may ultimately be explainable in
psychoacoustic terms. S

The key to understanding the complex pattern of re-
sults in experiment Il presumably lies in the unique -
psychoacoustic properties of the dichotic stimuli em-
ployed. Being partially fused, they consisted of a brief
unfused part (aspiration noise in one ear, periodic sound
in the other) followed by a perfectly fused longer peri-
odic portion. Changes in the amplitude relationships
between the two stimuli (and hence, between the two
identical periodic portions) led to changes in the sub-
jective localization of the fused image. It seems that

. these localization shifts can explain the perceptual findf-

ings.
Consider the case where the amplitude of /da/ is low-
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er than that of the periodic portion of /ta/ (V< Vy).

In this cage, the fused periodic portion will be localized -

toward the side where the /ta/ occurred and, thus,

where the aspiration noise is heard (since it does not

fuse with the initial voiced portion of the /da/ in the

- other ear). In this case, listeners seem to perceptually
integrate the aspiration noise with the following periodic
portion and give a majority of /ta/responses. More-
over, if the amplitude of the aspiration (4) is increased,
holding -V, and V. constant, it has the desired effect of
further increasing /ta/ responses. Consider now the
case where V,> V,. Here, the fused periodic portion

. will be localized toward the side where the /da/ oc-
curred, away from the aspiration noise. In this case,
listeners may find it difficult to integrate the noise with

_ the periodic portion; therefore, there are few T respon-
ses. (This interpretation is reasonable, since informal
observations suggest that a noise portion in one ear fol-
lowed by a periodic portion in the other ear, i.e., a sin-
gle /ta/ split between the two ears, is generally not
perceived as /ta/.) When'A is increased in this situa-
tion, it has the paradoxical effect of decreasing T re-
sponses. Given that the noise is already “streaming”
away from the periodic portion, an increase in'its am- -
plitude probably further increases the perceptual dis-
sociation of the two stimulus components (cf., Dannen- .
bring and Bregman, 1976), The case of Vy,=V, falls
between these two extremes. Here, the fused periodic
portion'is localized in the midline, and the opposed ef-
fects of changes in A on the voicing decision and on the
pérceptual dissociation of noise and periodic portions
seem to-cancel out, since A has little effect on the re-
sponses. "

Y

Thus, the results can be explained by taking account -
of the relative positions of the stimulus portions in sub-
jective space. The four principal effects in the data )
described earlier (V,, V,, V,XA, V. XA)are really
only two: There is an effect of VD/VT ratio (that is, of
closeness in auditory space of the aspirated portion and
the fused periodic portion) and an interaction between
Vp/Vyp ratio and A (that is, the effect of A depends on
whether the aspiration can be integrated with the fused
periodic portion). The small additional effect of overall
stimulus amplitude (more D responses when amplitude
was uniformly increased) probably reflects.a certain
amount of interference of the initial periodic portion of
/da/ with the perception of the simultaneous aspiration
noise in the other ear, and this interference increased
at higher stimulus intensities. The present data then do’
not-really contradict earlier dichotic studies that found
no amplitude effects,‘ if the hypothesis is accepted that
amplitude effects in partially fused voicing contrasts
are mediated by changes in the relative localizations
and relative auditory coherence of stimulus portions,
due to the unigque psychoacoustic properties of these
stimuli, Rather, the results of experiment III provide
an interesting example of how spatial separation can
lead to perceptual dissociation (cf., also Axelrod, Guzy,
and Diamond, 1968; Huggins, 1964, 1974, 1976; Rand,
1974). Thus, they demonstrate an often neglected prob-
lem: The dichotic presentation of two speech stimuli
may lead to- complex and possibly quite unique binaural -
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interactions that are likely to constitute major de'ter-

. minants of ear and stimulus dominance effects.

IV. SUMMARY AND CONCLUSION

Three detailed parametric studies of dichotic stimu-
lus competition were conducted, designed to test the hy-
pothesis that dichotic stimulus dominance relationships
r,eflect the combination of information at a stage inter-
mediate between auditory and (categorical) phonetic
processing. Experiment I examined the prediction that
the cateégory goodness of a speech stimulus is reflected
in its degree of dominance over other stimuli in dich-
otic competition., While some aspects of the results
seemed to confirm the prediction, there were problems
with interpreting the detailed pattern of results. . The
possibility was raised that the observed variations in-
dichotic stimulus dominance had a psychoacoustic basis,
but the nature of these psychoacoustic factors could not
be pinned down. Experiment’II followed up some earli-
er results suggesting that the discrimination of fused
dichotic syllables might be based upon stimulus repre-
Sentations at & stage between auditory processing and
phonetic categorization, the"stage that also gives rise-
to the hypothesized category goodness effect. However,
the results of experiment II indicated that discrimina-
tion'was based on phonetic categories (i.e., it followed

. the characteristic pattern of categorical perception) and

thus failed to replicate the earlier result. While the
results of experiment II have no bearing on the reality

~of thg hypothetical intermediate processing stage—the
" subjects may have chosen, for whatever reason, not to

access the stimulus representations ‘at that stage-—they
certainly fail to provide positive evidence. Experiment
I returned to an examination of the category goodness

hypothesis, and using a method different from that of

experiment I, it led to a clear rejection of the hypothe-
sis. Moreover, a plausible psYchoacoustic explanation
of the perceptual results could be provided. Taken to-

_ gether, the results of the three experiments weigh heav-

ily against the model of dichotic stimulus competition
proposed by Repp (1976a, 1977a). They suggest that,
rather, dichotic stimulus dominance relationships be-
tween speech sounds can be explained in terms of audi-

tory stimulus properties and binaural psychoacoustic i

effects. Future research will have to be directed at de-
fining and further investigating these auditory factors.
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APPENDIX: EAR DOMINANCE EFFECTS

Although ear dominance effects were not relevant to
the issue addressed by the present studies, they did oc- -
cur (as in nearly every dichotic experiment) and de-
serve a brief discussion., Repp (1977b) has argued that
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fused syllables offer certain methodological advantages

in'measuring lateral asymmetries. The present experi-

ments add to the—still very small—data base concern-
ing ear dominance for fused syllables, and, in addition,
each experiment answers some additional questions '
about the behavior of these laterality effects with re-
spect to certain manipulations of stimuli or tasks,

1. Experiment |

A significant but small average right-ear dominance
effect was obtained by Repp (1976a) with stimuli very’

 Similar to those of experiment I. It seemed important

to establish that the present stimuli yield furthér evi-
dence of significant (right-) ear dominance effects, that
these effects are not sensitive to changes in F,, and
that they do not vary too much across individual stimu-
lus pairs. Positive evidence on all three counts is a
prerequisite for fused dichotic-syllables to be methodo-

.logically useful in assessing hemispheric dominance for

speech perception.

The ear dominance etfects for the six individual sub-
jects are shown in Table AI, separately for the two
stimulus sets differing in the third formant. Two ear -
dominance indices are reported, e’ and e, (For a de-
tailed discussion of these, see Repp, 1977h.) Their
values are generally very similar. While ¢/ is prefer .-
able on theoretical grounds, only the e index can easily
be tested for significance; therefore, both are reported
here. "The significance test is based on a weighted stan-
dard error derived from the variability of ear asym-
metries across individual stimulus pairs. Beth indices

take stimulus dominance effects into account; the e’ in-

dex, especially, is intended to represent an unbiased
estimate of ear dominance. Its value, like that of the e

- index, ranges from -1 (perfect left-ear dominance) to

+1 (perfect right-ear dominance).and represents the
linearly scaled intercept of a bilinear ROC (isolaterali-
ty) function with the negative diagonal of the unit square.
(See Repp, 1977b.) ' :

The average ear dominance coefficient, although

based on only six subjects, was similar to that reported

by Repp (1976a).. Table Al shows that three subjects
(including one left-hander) were significantly right-ear
dominant, while the other three subjects (including BHR,
the author) showed no significant ear asymmetry. The"
ear dominance coefficients for the two stimulus sets

TABLE AI. Experiment I: ear dominance coefficients.

differing_ in Fy were generally very similar, the cor-
relation being +0.91 for"e’ and + 0,96 for e. Thus, .the’
change in F, did not affect the degree of ear dominance.
The variability across individual stimulus pairs was
considerable, however. For example, subject NK’s
right-ear advantage (the largest of all) was based on 32
stimulus pairs, 11 of which showed no ear domirance or
left-ear dominance. (Many other stimulus pairs re-

" ceived only a single type of response and therefore did-

not enter into the estimate of e’.) Of those stimulus
pairs that contributed most to the estimate of NK’s ear
dominance (because of their smail stimulus dominance
effects), two out of eleven still showed left-ear domin-
ance, It cannot be determined from the present data
whether this was merely due to large x}ariability, or
whether it represented a genuine difference in ear dom-
inance among individual stimulus ‘pairs. :

The conclusion from these results is that fused dichot--
ic syllables (place-of-articulation contrasts) do tend to
lead to right-ear dominance, although these effécts are
smaller than those observed with dichotic vbicing con-

trasts (Repp, 1977a, 1978a; see also experiment III be-

low). Ear dominance seems to be highly variable, so
that a large number of trials is needed to obtain a pre-
cise estimate. Changes in Fy do not affect the ear
asymmetry. ‘ B

2, Experihent’ n
a. Identification

Experiment II employed perfectly fused stimuli simi-
lar to those of experiment I but of better quality. Ear
dominance coefficients for individual subjects are shown
in the fourth and fifth columns of Table AL The table
shows that four subjects exhibited large and significant
asymmetries in favor of the right ear, one subject
showed significant left-ear dominance, and the remain-
ing three subjects showed no significant effects. This
distribution resémbles that found in earlier studies us-
ing fused syllables (Repp, 1976a; the present experi-
ment I), although the average right-ear dominance is
somewhat larger here. The present results include
some of the largest ear dominance effects ever ob-
served with fused syllables, thus providing clear evi-
dence that perfect fusion does not prevent lateral asym-
metries. To which extent these asymmetries actually
reflect hemispheric dominance for speech perception is
a question that the present experiment cannot answer,

: o Rising F; . { Flat Fy
'Subject Sex Handedness e’ - e e’ e
_ 0,
NK M R +0.,28 +0.25° +0.30 +0,29°
WT M L +0.22 +0.21° +0.20 +0.17°
SM F R 40,13 4+0.15% +0.17 +0.,17°
BHR M R +0.04 +0.,01 ~0,01 +0.03
KH F R +0.,05 0.00 -0.11 —0,08
JK M R -~0.08 ~0.06 -0.07 —0.06
. \ ;
Average +0,11 40,08 40,08 +0.09
25<0.05, ' _ : .
b$<0,001.
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A ' Identification o
Handedness Ce e " Discrimination
- R +0.59 +0,67° - -~0.01
R +0,67 +0,39% +0.14 .
R -+0.63 +0.40° +0,13
L. +0.23. +0.28° -0.,03
. R -0.00. +0,02 -0.15
R =010 0.00 0.00
R " =0.05. -014 +0,16
R ~0.98 -0.322 —0.40
+0.20 +0.15 -=0.,02
P<001 B o v

¢$<0.001,

but the h1gher incidence of right-ear dominance suggests

the’ mvolvement 'of speech-specifi¢ mechanisms, One
dlsturbmg observatlon is'that subject-JK,- who also par.
tlclpated in experlment I, showed a large right-ear ad-
vantage here but-no ear asymmetry there. The cause of
this' dlscrepancy is not known

5. D/scr/m/na tion -

Ear dominance coefficients for the discrimination task
are reported in column 6 of Table AIl, where they may
be compared with the coefficients obtained in the identifi-
ication task. The coefficients computed from the dis-
crimination scores are not strictly equivalent with e’
and e in the identification task, although they too range
from =1 to+ 1, The coefficient used is (R*~L*)/(R*+ L*),
'where R* = 2(R -50) and L*=2(L- 50), and R and L are
the percent-correct scores for the two ears. Thus, it.
incorporates.a crude correction for guessing, but, un-
like e’ and e, it does not properly take into account the
variability between individual stimulus pairs and there-
fore may underestimate the size of the ear dominance
effects (cf., Repp, 1977b). ‘The statistical significance
of these coefficients could not be assessed, .

The coefficients for the discrimination task correl-
ated + 0,66 (p<0.05) with e’ and + 0.55 ($<0.10) with e
for the identification task, indicating some consistency
in individual ear asymmetries across. different tasks.
What is more striking, however, is that there was no
longer any overall tendency toward right-ear dominance
.in the discrimination task. Two of the subjects (SA, SE)
who bad been strongly right-ear dominant in identifica-
tion lost this asymmetry completely in discrimination.
This indicates that even ear asymmetries for fused syl-
lables may be sensitive to task characteristics (cf., Hag-
gard, 1976). The discrimination task may have induced
a less clearly linguistic mode of processing, thus elim.
inating any left-hemisphere superiority.

3. Experiment 1]1

Repp (1977a, 1978b) reported unusually strong ear
dominance effects for fused dichotic voicing contrasts,
almost invariably in favor of the right ear. The results
of experiment III, in contrast to these earlier resuits,
showed no significant overall ear advantage, although .
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there was a small average effect in favor of the right
ear. However, individual ear dominance effects Were
pronounced, as shown ii Table AIIL

All eight sub]ects showed highly SLgmflcant ear dom-
inance effects. The largest mght_ea.r advantage was
shown by the author (BHR), in agreement with many pre. -
vious results; for him, the right ear-was almost com.
pletely dommant (HlS data nevertheless provided in-
formation about stimulus dominance; A strongly dom-
inant stimulus in the left ear often overcame the strong
right-ear dominance.) This finding may be contrasted
with the absence of any ear asymmetry for this listener
in experiment I (Table AI). The next-largest right- ear
advantage was obtained for a familial left-hander—a
type of subject who typlcally does not show large right..-
ear advantages (Hardyck and Petrinovich, 1977). There
were three additional significant right-ear advantages.
Of the remaining three subjects, one—a nonfamilial
left-hander—showed a small left-ear advantage; the
othér two subjects were right handers with large left-
ear advantages—a rather puzzling result. Thus, while
the present study confirms the proclivity of dichotic
voicing contrasts to lead to pronounced individual ear
dominance effects—more so than dichotic place con-
trasts—it also increases the urgency of the question

~ whether these effects reflect hemispheric dominance

for speech, or perhaps some other kind of lateral asym-
metry in auditory processing. The fragmentary but
nevertheless convincing evidence for substantial differ .

~

TABLE AIIl. Experiment IIl: ear dominance coefficients.

Handedness e e

Subject Sex 4
BHR M R +0.93 +0,92"
SB F L(familial) +0.72 +0.65°
DF F R +0.43 +0.37°
DK F R +0.29 . +0.277
JK M R +0.16 +0.20°
AM M L(nonfam.,) -~0.11 -0,132
DW F "R ~0.50  —0.45°
MB T R —-0.66 ©-0.68"
Average ' '+0.16 +0.15
2p<0.01.
p<0,001.
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ences in ear advantages between different stimuli and

tasks suggests that, as fas as our insight into the caus.

es of these ear asymmetries are 'concerned, we are
still groping in the dark. '

Im earlier publications, this hypothesis has sometimes been
called the “prototype model” (Repp, 1976a, 1977a) or the
“prototype matching hypothesis” (Repp, 1978b). However,
“category goodness hypothesis” is to be preferred because
it denotes the specific application of the prototype idea to
dichotic stimulus. competition.. ‘Rejection of the category
goodness hypothesis does not imply rejection of the more
general prototype model (Oden and Massaro, 1978); indeed,
such a model may still provide a good description of the
identification process for speech stimuli, including those
resulting from the fusion of dichotic stimuli at a relatively
early level in processing. _ o

%At the time the experimental tape was recorded, the digital
sampling procedure led to a random error in dichotic stimu-
lus alignment of up to one sampling period (0.125 ms), which
was considered insignificant, :

v 3A1though the basic effect of the Fg3 transition on the perceived
- place of articulation confirmed the earlier results of Harris
et al. (1958) and Hoffman (1958), it was much sinaller than
in these earlier studies (though adequate for the purpose of

the present experiment). Harris ef al. and Hoffman obtained
hardly any D responges to stimuli with a rising Fg transition
less steep than the present one. The reason for this dis-
crepancy presumably lies in the relative amplitudes of Fy

_and Fy. Harris et al, and Hoffman, who constructed their

‘stimuli on the patteérn playback; did not report any formant
amplitudes, but a cautious estimate suggests that F; was
6—10 dB below F, during the transitional portion. In the
present stimuli, on the other hand, F; was at least 12 dB ‘
below F», which may explain the difference in results.
Clearly, the relative amplitude of a formant determines
its salience as a perceptual cue. ’ ‘

40ne apparent contradiction in the data may be noted by com-
paring the results for the stimulus pair 1+15 in the B(+1)
panel of Fig. 2 with those for the same pair in the G (+15)
panel. There was a large effect of the change in Fyon B
responses, but no effect at all on'G responses. The solution
lies in the differential occurrence of D responses. D res-
ponses to dichotic combinations of stimuli heard as B and G,
respectively, in isolation, have been ascribed to “psycho-
acoustic fusion” by Cutting (1976). These responses were
infrequent when F3 was rising, but quite frequent when Fy
was flat. Of course, this is in agreement with the general
increase in D responses to stimuli with a flat Fj. Thus,
the stimulus pair. 1+ 15 received 9.7% D responses when Fy
war rising, but 32.2% Dresponses whenF; was flat. By com-
parigon, the percentages of D responses to stimuli 1 and 15
in igolation were 0 and 0.5, respectively, when Fg was ris-
ing, and 5.1 and 2.8, respectively, when Fg was flat. Thus,
the effect of F; on the frequency of p’sycho:_icoustic fusion
responses, like its effect on stimulus dominance, was much
larger than its effect.on binaural identification scores. This

reflects the increased perceptual weight of F; in the presence

of conflicting F, transitions. '

The AXB procedure differs from the more commonly used
ABX paradigm in that the first and the third stimulus are
always different from each other, while the second stimulus
is identical with either the first or the third. The  AXB
paradigm was chosen to prevent the listener strategy of
attempting to compare the firstwith the third stimulus—

a strategy that is likely to be ineffective because the audi-
tory traces. of the first timuluus may be lost by the time the
third arrives. Thus, the AXB paradigm avoids the memory
limitations that may reduce performance in the ABX para~
digm (Pisoni and Lazarus, 1974). Although there is, at
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present, no empirical evidence that the AXB paradigm is
superior to the ABX paradigm, there is no reason to be=- -
lieve that it would be inferior. In fact, the AXB procedure
may be considered a condensed version of the 4IAX para~ =
digm, which has been shown to lead to higher discrimination
performance than the ABX paradigm (Pisoni, 1973 Pisoni
and Lazarus, 1974).

p responses to stimuli 1-3 paired with ‘stimulus 8, and to
stimuli 7-8 paired with stimulus 1 representpsychoacoustic
fusions” (Cutting, 1976): The subjects heard D although the
components stimuli were heard as B and G, respectively,
in identical pairs. Psychoacoustic fusions occurred with
about equal frequency in the dichotic and mixed conditions,
and they were not particularly common. Their frequency
tended to increase as one of the component stimuli moved
closer toward the D category; this confirms earlier results
by Cutting (1976) and Repp (1976a). ‘

' 7Actually, there were two different [ta/~ stimuli, with intended

VOTs of 44 and 56 ms. However, later examination of the
stimulus specifications révealed an embarrassing error in
stimulus synthesis: /ta/ stimuli with a VOT of 56 ms in
truth had 12 ms of voicing at onset, followed by 44 of aspir-
ation. These bizarre stimuli, though impossible in articul-
atory terms, did not sound anomalous and, on the average,
turned out to be perceptually equivalent to stimuli with a
VOT of 44 ms (which had been properly synthesized). There
was no significant effect of the VOT factor and. only one in-
teraction involving VOT which did not imply a qualitative
change in results. Therefore, all results were collapsed
over the intended VOT difference, which is ignored in the
present déscription of method and results, Exclusion of the
results deriving frem the bizarre stimuli would not have
‘'significantly changed the pattern of results reported here.
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