


SUMMARY

Four experiments were described which were all concerned with the
perception of dichotically presented speech sounds. Experiment 1 demonstrated
that when stop consonant-vowel syllables differing in the stop were separated
in onset time between ears by 10, 30, 50, 70, or 90 msec, the lagging stop
consonants were judged as clearer than the leading stops. This "lag effect"
was shown to be specific to the dichotic mode of presentation. When the com-
peting syllables were delivered to the same ear (monotic presentation), the
leading stops were more accurately identified than the lagging stops. The
monotic lead effect is probably attributable to peripheral masking, but the
dichotic lag effect is clearly central in origin. It was suggested that the
lag effect might reflect the operation of special speech processing mechanisms.
This notion seemed reasonable on theoretical grounds because there is good
evidence that speech sounds and nonspeech sounds are processed by different
mechanisms in different areas of the brain. The main goal of the research
was to provide evidence relevant to the evaluation of the hypothesis that
the lag effect is a speech perception phenomenon.

The first issue to be decided was whether the lag effect was to be
viewed as a genuine perceptual phenomenon. In Experiment 1 the subjects
had been asked to report both stops on each trial and to judge which of the
stops sounded clearer. The main evidence of the lag effect was the finding
that lagging stops were judged as clearer than leading stops. This result
might reflect a response bias rather than an actual perceptual advantage for
lagging syllables. However, Experiment 2 gave convinecing evidence that the
lag effect is a perceptual effect. It was found in Experiment 2 that when
subjects were instructed to report only the lagging syllable on each trial,
they were more accurate than when they were instructed to report only the
leading syllable. The subjects also proved to be inaccurate in judging
the order of arrival of the syllables, so it would be implausible to relate the
lag effect to the conscious perception of temporal order of arrival. In
another condition in Experiment 2 it was found that subjects also showed a
lag effect when they were asked to report the syllables arriving at a par-
ticular ear. The magnitude of the lag effect was exactly the same regardless
of whether the instructions were to report syllables by order of arrival or
ear of arrival. The results of Experiment 2 demonstrated that the lag effect
is a robust perceptual phenomenon which does not depend on any particular re-
call strategy.

Although Experiment 2 pointed to a perceptual origin of the lag effect,
it was still unclear whether the effect was specific to the perception of
encoded speech sounds like the stop consonants or whether the effects observed
with stops were merely an instance of a more general auditory phenomenon.

There is a considerable experimental literature which shows that encoded speech
sounds and nonspeech sounds give very different results on certain perceptual
tasks. Steady-state vowels have been found to give results intermediate

between the results for speech and nonspeech sounds. This has been interpreted
to mean that vowels may be analyzed in either (or both) the speech and nonspeech
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modes, an interpretation which seems reasonable when one considers the
acoustic nature of vowels, sustained resonances rather like musical chords.

If the lag effect is associated with perception of encoded speech
sounds, then it would be expected that vowels either would not give a lag
effect or would show the effect to a reduced extent. The perception of
dichotically presented time-staggered vowels was examined in Experiments 3
and 4. In Experiment 3 subjects listened to dichotically presented CV
syllable pairs contrasting between ears in both the stop consonant and vowel.
In one condition the subjects were to attend only to the consonants and ignore
the vowels; in the other condition they were to attend only to the vowels and
ignore the consonants. In both conditions they were to identify both of the
competing sounds on each trial and to judge which sounded clearer. It was
found that for both the consonant and vowel tasks, lagging stimuli were
judged as clearer than leading stimuli. However, in both these cases the
magnitude of the lag effect was much less than that obtained when only stops
contrasted while vowels were shared. Thus, it was found in Experiment 3
that causing vowels to contrast between ears reduced the size of the lag ef-
fect, but there was no difference in the magnitude of the effect depending on
whether stops or vowels were being identified.

Experiment 4 investigated the perception of steady-state vowels in
isolation from syllabic context. It was found that a subject's performance
on this task varied depending on whether or not he had had previous experience
in tasks involving the identification of vowels in CV syllables. The sub-
jects who had on some previous occasion taken the test in which they identified
dichotic vowels in CV syllables had lag effects on the isolated vowel test.
However, subjects who had never previously taken a dichotic test showed no
particular preference for either the lagging or leading vowel.

The results on the vowel experiments were seen as consistent with the
view that the lag effect is related to speech decoding processes. Results
of other experiments have demonstrated that vowels can be shifted into or
out of the speech mode depending on the experimental conditions in which
vowels were tested. Subjects who were naive to speech perception exper-
iments did not have a lag effect for isolated vowels, but subjects with ex-
perience in speech experiments did have a lag effect. The previous experience
could be viewed as inducing a "set" to process the vowels in the speech mode.
Likewise, embedding the vowels in CV syllables could also be seen as a means
of inducing subjects to perceive vowels in the speech mode. This interpreta-
tion relating the lag effect for vowels to processing in the speech mode and
the absence of a lag effect to processing in the nonspeech mode is made ex-
tremely convincing by other analyses relating the dichotic lag effect to the
dichotic right—ear effect.

When syllables differing in the stop consonant are presented simultaneous—
ly to opposite ears, syllables at the right ear are on the average more accurate-
ly reported than those at the left ear. The right-ear advantage in dichotic
listening has been attributed to the functional asymmetry of the two cerebral
hemispheres of the human brain. The left hemisphere is more important than
the right for the processing of linguistic material, including speech sounds.

The right cerebral hemisphere appears to be more important than the left for
processing nonverbal auditory material. Because the right ear has a stronger
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representation at the left hemisphere than the left ear, speech sounds

presented to the right ear are more accurately perceived than those presented
simultaneously to the left ear. For dichotically presented nonspeech sounds
the ear effect is reversed, with the left ear being superior to the right ear.

Because the right-ear effect is obtained only for stimuli which are
being processed by the speech processors in the left hemisphere, the right-
ear effect is an independent indicator that stimuli are being processed in
the speech mode. In the experiment where dichotically presented stop con-
sonants are staggered in time at the two ears, both the right—ear effect and
the lag effect can be observed. If the lag effect is a speech perception
phenomenon like the right-ear effect, some interaction between the lag effect
and the right-ear effect might be expected.

There is ample evidence that the lag effect and right-ear effect are
to be viewed as separate phenomena; that is, one of these effects cannot
simply be seen as a special case of the other. For example, the right-ear
effect and lag effect have different time courses. The right—ear advantage
is largest when stimulus onsets at the two ears are simultaneous and decreases
monotonically with increasing delay between ears. The lag effect, although
visible with a 10-msec delay between stimulus onset, increases in size with
still longer delays. The advantage for the lagging syllable is maximal with
a 60-msec delay between stimulus onsets at the two ears. With delays greater
than 60 msec the lag effect begins to decline. Further evidence of the in-
dependence of these effects was the finding that the frequency of report from
the left and right ears at any delay interval could be predicted by simply
adding the lag effect and ear effect to each other. That is, the effect of
relative onset time was the same for the two ears.

Another way of trying to relate the lag effect to the ear effect was
to see whether there was any correlation between the size of the lag effect
and the size of the ear effect for individual subjects. For the tests in~
volving stop consonant identification, no significant correlation was seen
in the magnitude of the ear effect and lag effect. However, for the tests
involving the identification of vowels, high positive correlations were found
relating the extent of right-ear effect to the extent of lag effect. These
correlations were significant in two independent groups of subjects on the
vowel tests. The highest correlation was observed within the naive subjects
in the isolated vowel condition. A significant positive correlation was also ob~-
served for vowels in CV syllables. For the experienced subjects on the
isolated vowel test the correlation was positive but not significant.

These findings were interpreted as showing that the lag effect and
right-ear effect are independent phenomena within the speech mode. Stop
consonants, which are always decoded in the speech mode, would show both an
ear effect and a lag effect; but if the two effects are essentially independent
within the speech mode, no correlation in the magnitude of the lag effect and
right-ear effect would be expected for stops. For vowels, a correlation bet-
ween the lag effect and ear effect scores would be expected because vowels can
be processed alternately in the speech or nonspeech modes. Both the lag effect
and right-ear effect would be expected on trials when the stimuli were being
processed in the speech mode, but neither of these effects would be expected
on trials when the stimuli were being processed in the nonspeech mode. Thus,
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the finding of a positive correlation between lag effect and ear effect
scores for vowels but not for stops supports the view that the lag effect
and right-ear effect are separate phenomena both of which relate to pro-
cessing in the speech mode.
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