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Two detection experiments were conducted with short lists of synthetic speech stimuli
where phoneme targets were compared to syllable targets. Unlike previous experiments
heterogeneous lists of syllables and phonemes were used to remove possible bias created by

- homogeneous lists, In Experiment I, targets that matched the response items in linguistic

level were recognized faster than those that mismatched, whether the targeis were syllables -

or phonemes. In Experiment II, where all targets and response items matched in level, pho-
nemes were recognized faster than syllables when phonemes were relatively easy to identify,

“but the reverse held when phonemes

were harder to identify. These results suggest that - -

phonemes and syllables are equally basic to speech perception. RN

_ Phonemes and syllables constitute two
levels in the linguistic hierarchy. One simple
information processing model of speech per-
ception (see for example McNeill & Lindig, -
1973, for a discussion of this model) holds that
the phonemic level is basic and that phonemes
are the perceptual units for speech. According
to such a model, we process speech by entering
the language hierarchy at the bottom and
working upward through the hierarchy (see
Miller, 1962): We first recognize phonemes
and then use this analysis to recognize
higher-level linguistic entities such as syllables,
words, and'so on. Savin and Bever (1970)
rejected this simple model, and any analogous
model where phonemes are recognized before
syllables but some lower-level features are
recognized before phonemes, on the basis of
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an experiment . where. :subjects responded
faster to syllable targets than to phoneme
targets when they searched through a list of
syllables. They concluded that phonemes are
recognized -only ‘after the recognition of

“syllables, - or that the units of speech percep-

tion are at a level higher than the phoneme. In
other words, Savin and Bever suggested that
speech perceivers gain entry into the linguistic

‘hierarchy at a level above phonemes, and that

phonemes are only subsequently decomposed
from higher-level units, However, McNeill
and Lindig (1973) suggested that Savin and
Bever’s results were artifactual, stemming
from their choice of list construction. Speci=
fically, McNeill and Lindig showed that
subjects respond faster to those targets that
match the linguistic level of the items in the
list, whatever that level. Subjects are faster at
detecting syllables than phonemes in a list of
syllables, but they are faster at detecting
phonemes than syllables in a list of phonemes.
One possible interpretation of these results is
that the level in the linguistic hierarchy at
which speech perceivers focus their attention
depends on the level of the search list as well as
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the level of the target so that the speech
perceiver must divide his attention between
two levels whenever the target and search list
do not match in level.

‘The present study reconsiders the question
which level the speech perceiver enters the
linguistic hierarchy by removing the matching
factor which seems to have obscured results
relevant to this question in the previous
studies. This effect was achieved by employing
heterogeneous rather than homogeneous lists
of items. Specifically, subjects listen to lists
that include a mixture of syllables and
phonemes. Unlike previous studies, the nature
of the list in the present study should not bias
the subject to focus his attention at either level.

In addition, the present study differs from the

previous * ones by - using synthetic speech

which allows finer control over the stl_muh ‘

than was prevxously available,

EXPERIMENT I

: _Method .

" Subjects Sixteen students of Yale Umver-
sity with no known hearing defects partici-
pated in this experiment either on a voluntary
basis or for course credit. The subjects were
divided into two groups of eight depending on
their time of arrival for testing.

Apparatus. The speech stimuli were gener-
ated on the Haskins Laboratories’ parallel
resonance synthesizer, which permits precise
control of the pitch contour and duration of
the stimuli as well as the amplitude and
frequency level of the three component
formants. The speech stimuli were digitized
and stored on disk file. Stimulus tapes were
constructed using the Haskins’ pulse code
modulation system, which insured that all
instances of a given stimulus sound were
identical. The stimuli were reconverted into
analog form and recorded on one track of a
dual-track Ampex AG500 tape recorder. The
sounds on this track of the tape were trans-
mitted to the subject binaurally via a listening
station through a pair of Telephonics ear-
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phones (Model TDH39). Gains on the tape
recorder and listening station were adjusted so

that stimuli were presented at approximately

80 db re 20 xN/m?2.
On the second track of the tape a 100-msec
1000-Hz tone was recorded, aligned with the

‘onset of every item to which the listener was to

respond. This tone triggered an electronic
counter (Hewlett-Packard Model 522B)
which stopped when the subject depressed a
telegraph key. The elapsed time between tone
onset and the subject’s response was trans-

“cribed from a Hewlett-Packard Digital Re-
. corder (Model 560A). The telegraph key was
- also connected to a small light, visible to the

experimenter but not to the subject, which
designated whether the telegraph key was

"_depressed In this manner, the experimenter
detected false alarm responses.

The subject sat alone in a sound treated
room, facing a table which supported the

~ telegraph key, while the experimenter sat in an

adjacent room which housed the tlmer and the :

- other control devices.

Design and materials. Fifteen speech stimuli
were generated, They consisted of five vowel

- stimuli fi, &, 1, al, eI/, and 10 vowel-consonant

stimuli /it, iv, 2t, 2n, In, Id, alv, alm, eld, eIm/
(see Bronstein, 1960). The vowel stimuli will
hereafter be considered phonemes, whereas
the vowel-consonant ‘stimuli ‘will be - con-
sidered syllables. Unlike the study of McNeill
and Lindig (1973), the present study used
vowels instead of consonants as phonemes
since vowels can be produced more easily in
isolation.! Note that the 10 syllable stimuli can
be divided into five pairs where each stimulus
in the pair begins with the same vowel, or can
be divided into five different pairs where each
stimulus in the pair ends with the same con-
sonant. All stimuli were identical in duration
(325 msec), pitch contour (rising from 116 to
124 Hz in the first 40 msec, then falling
linearly to 82 Hz by the end of the stimulus),

* McNeill and Lindig’s phonemes were never pro-
duced in isolation; they were always part of consonant-
vowel syllables where the vowel was held constant.
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and overall amplitude, Monophthongal
vowels /i, @, I/ were steady-state throughout,
whereas diphthongal vowels /al, eI/ con-
tained transitions from initial vowel nucleus
to final vowel target (110 to 260 msec into-the
stimulus).’ Final consonants in the syllable
stimuli occurred throughout the final 125 msec
of those stimuli ; the initial 200 msec of the
syllable stimuli, however, were identical to the
corresponding phoneme stimulj. _
Four stimulus tapes were constructed for
the two tasks of the present experiment—
identification and detection. There was one
tape for the identification task, and one
practice tape and two experimental tapes for

the detection task. The identification tape con- E

sisted of a series of 75 items with 3.0 sec
between items, including five instances of each
of the 15 stimuli.
each of the 15 different stimuli, and the follow-
ing 60 items included a random sequence of
four instances of each of the 15 stimuli. -
‘Both experimental tapes for the detection

task consisted of 80 trials. Each trial began’

with the statement the larget is, followed by
the target stimulus for the particular trial, the
statement here is the list, and 2 sec later a
four-item list. Intervals between items within
the list were 2 sec each. The lists were com-
posed of stimuli in a quasirandom sequence
with several constraints: (@) Each list con-
tained two syllables and two phonemes;
(b) across the 80 trials each syllable occured
16 times and each phoneme 32 times; (¢) four
different vowels occurred in every list; (d) no
consonant was repeated within a list; and
(e) no consonant member of a target syllable
appeared in any item in the list unless it
appeared in the item to which the subject was
supposed to respond.

The item in the list to which the subject was
supposed to respond will henceforth be
referred to as the “response item.” : The
response item is identical to the target item
when there is a match in linguistic levels, but
the response item and target item differ when
there is a mismatch. To use the terminology of

“upward search”

The first 15 items included
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McNeill and Lindig (1973) for mismatches,
occurs when the target is a
phoneme and the response item a syllable,
whereas “downward search” occurs when the
target is a syllable and the response item a
‘phoneme. The position of the response item

_ Within a list was quasirandom except that it

‘never appeared in Position ], It occurred 20
times in each of the Positions 2, 3,and 4. In
the remaining 20 trials, there was no response
item in the list. -

The two detection tapes were identical
except for the order of the target stimuli.
Whenever a syllable stimulus occurred ag the
‘target on one tape, the corresponding phoneme
stimulus (the phoneme stimulus with the same
vowel as the syllable stimulus) occurred on the

- other tape. Within a tape, the order of target

stimuli was quasirandom, Each of the five pho-
neme stimuli occurred eight times as targets
and each of the 10 syllable stimuli occurred
four times as targets. Each phoneme target
occurred twice and each syllable target once
for each of the three response item positions
and for- lists containing no response item.
Thirty of the 60 trials with response items
contained targets that matched the response
items in linguistic level and 30 trials contained
targets that mismatched the response items,
However, the match-mismatch factor was not

perfectly counterbalanced with respect to the

variables of response item position,
level, and target vowel.

The practice tape was designed along the
lines of the two experimental tapes used in the -
detection task except that only 10 rather than
80 trials were included. :

Procedure. Each subject was run individually
in an hour-long session. The session .was
divided into two parts: the identification task
followed by the detection task. The two groups
of subjects differed only in the experimental
tapes employed during the detection task,

For the identification task, the subject was
given two sheets of paper, one a numbered
response sheet and the other a list of the 15
stimuli in the order they occurred initiaily on

target
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the identification tape. The stimuli were
- named as follows: eat (fit/), eve (/iv]), id (/1d),

in (/Inf), an (f=n(), at (J=t/), aim (/eIm/), aid .

(/e1d)), I'm (falm/), I've (falv)), ee (fif), ih
(1)), aa (J=[), A (/e1)), I (/al/). The subject
listened to the first 15 stimuli in order to learn
- the sound-name correspondences, and then
wrote down the name of each of the 60 sub-
sequent stimuli on his response sheet.

The detection task included 10 practice
trials followed by 80 experimental trials, with
a short break at midtest. For each list the
subject was told to press the response key as
soon as he heard “the target sound itself, the
initial sound in the target alone, or the target
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nunciation not the spelling of the sound. For
clarification of this last point the subject was
again referred to the example described above,
“Given the target ‘own’, you should respond
when you. hear ‘owe’ even though ‘owe’ is
included in ‘own’ according to pronunciation
but not spelling.” The subject was further
instructed to make no more than one response
during a given list. ' :

Results and Discussion

Hdentification task. The results of the
identification task are summarized in Table 1
in terms of error percentages pooled across
subjects as a function of vowel type and

g TABLE1 o
ERROR PERCENTAGES IN IDENTIFICATION TASKS OF EXPERIMENTS I AND 1T

e e \.'owel' v
Co.. 0 ... Stimulus . - - -
Experiment . - .. level - 1ij Jef [al/ I U 1]
1" “Phoneme . 2 3 8§ 13
e e Syllable . 12 4 19 1 8
"I " Phoneme 8 3. 14 2 31
’ Syllgble 14 6 . 23 2 11

sound embedded in a longer sound.” To help
clarify these instructions, the subject was given
the following example: “Imagine that the
target is ‘own’. You should respond either if
you hear the sound ‘own’ itself or ‘owe’, the
initial sound in ‘own’. For a second example,
imagine that the target is ‘owe’. You should
respond either if you hear the sound ‘owe’ or
the longer sound ‘own’ which includes the
sound ‘owe’.” The subject was further
instructed that “on some lists the target
sounds [response items] will not occur.”
Instructions stressed the importance of both
speed and accuracy of response. The subject
was told that it was not necessary for him to
wait to respond until he had heard the whole of
a sound. Furthermore, as in the study by
McNeill and Lindig (1973), the subject was
told that his response should be to the pro-

stimulus level (phonemes ys. syllables). Two
aspects of the data are noteworthy in light of
the results of the detection task to be discussed
below. First, the percentage of errors on the
phoneme stimuli /I/ and /el/ is significantly
larger than on the phoneme stimuli fi/,/={,and

- [al] according to a Wilcoxon Matched-Pairs

Signed-Ranks test, T(7) = 0, p < .05, Second,
the error percentages on the phonemes are
less than on the corresponding syllables for
the vowels [i/, f#/, and /al/, whereas the
reverse holds for /I/ and Jel/. These errors
imply that the phoneme stimuli /I/ and eI/, as
they are actualized in the present experiment
with synthetic speech, are more difficult to
identify than the other three phoneme stimuli
and are more difficult to identify than their
corresponding syllable stimuli whereas the
reverse holds for the other three vowels. This
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implication is interesting because these two

phonemes are not those that are most complex

acoustically. The diphthongs /al/ and /el/

which have moving fotfnants are acoustically.
more complex than the other three monoph-

thongal phonemes. Although /el/ was shown

to be relatively difficult to identify, /al/ was

‘not found to be eéspecially difficult, Most
 likely the ease of identification of a particular
" phoneme depends upon its similarity to the

other phonemes in the population rather than
|its absolute acoustic characteristics, For
© ‘example, it is possible that the phoneme /el/

“would not be especially difficult to discriminate

if its acoustic qualities were ché._nged in some

 described above,
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stimuli.? An analysis of variance computed on
the mean latencies averaged across response
item positions yielded 17 msec as the standard
error of the entries of Table 2 for the present
experiment, The targets involving the vowels
_/I/ and [el/ showed longer latencies than the
targets involving the other three vowels /if,
[®/[, and /al/, F(a, 56) =6.23, p <.01. Note
that, as one might expect, the two vowels
showing the longer latencies are just those
- found to be most difficult to identify according
to the results of the identification task
The difference between
‘latencies on Phonemes and syllables was not
significant, F(Q, 14) <1, nor was the inter-

" MEAN LATENCY IN MSEC T0 RESPOND I8 DETECTION TAsK Cl)f‘_E)E?é!iI_ME;N?SIAND_II R

T ' ‘Target vbwe{_
" - Experiment level fif el Al e fel) ey
I . Phoneme 475 " 484 . 465 494 . 59
.. Syllable 446 430 . 456 544 519
| Phoneme . . -~ 538 . 563. 564 590 617
: Syllable . 601 - 583 -. 593 . 588 . sgg

way so that it would be less similar to the other

- phonemes in the population or if jt were
judged in the context of a different population

~of sounds where it would be less confusable.

‘Detection task. No differences were ob-
served in the detection data obtained from the
two different experimental tapes. Hence data
from all 16 subjects are combined. The
results of the detection task are summarized in
Table 2 in terms of mean latency for correct
responses as a function of target level and
target vowel. For the purposes of computing
these means and for all subsequent analyses
of this experiment, all latencies over 1 sec
were truncated to 1 sec to eliminate very long
reaction times resulting from failures of
attention, and so on. In addition, all latencies
over 4 sec were treated as errors to eliminate
responses clearly made to the incorrect

action between target level and target vowel,
F(4, 56) = 1.64, p > .10. L
" The error rate in the present experiment on
lists with response items was relatively high,
'10.6%;. However, a speed-accuracy tradeoff
cannot account for the results described
above since the pattern of erTors was consist-
ent with the pattern of latencies on correct
responses. More errors were made .on the
target vowels /el/ (48) and /I/ (32), which had
been shown to be relatively difficult to identify,
than on the other three target vowels, fif (10),
[={ (10), and /al/ (2). o
An additional analysis of variance was

2 For the 960 subject-trials with response items,
there were only four latencies over 4 sec, and 42
‘latencies between 1 and 4 sec, 24 with phoneme targets
and 18 with syllable targets, ' :
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computed on the mean latencies averaged
across target vowels rather than response

item positions. Latencies decreased mono-

tonically across response item pos.ition_‘from
554 msec for Position 2, to 480 msec for

- Position 3, to 415 msec for Position 4, F(2,

28) = 32.44, p < .01. The-monotonically de-
creasing function was found for both syllable
and phoneme targets; the interaction of target
-level and response item position was not
significant, F(2, 28) < 1. Unlike the vowel
data, the effect of response item position may
- be accounted for in terms of a speed-accuracy
‘tradeoff. For both phonemes and syllables,

- errors increased monotonically with increasing -

" response item position, from 22 total errors for

Position 2, to 37 for Position 3, to 43 for
Position 4. This finding suggests that subjects’
criteria to respond become more lax : as the hst :

" progresses.

A further analysis_ of varxance .was .com- ..

puted on the_mean latencies averaged across

both . target..vowels and .positions of -the -

response item but separated in terms of the

relationship of the level of the target and that’

of the response item (match vs. mismatch).
Subjects responded faster when the levels of

the target and the response item “matched ~

(460 msec) than when they mismatched
(509 msec), F(1, 14) =9.71, p < .01. The same
pattern of results was found for phoneme
and syllable targets. The interaction between
the match-mismatch factor and target level
was not significant, F (1,14) < 1. A speed-
accuracy tradeoff is not involved in the present
results since fewer errors were made on target
items that matched the response items in level

(42) than on target items that mismatched the

response items (60). These results are consis-
tent with those of McNeill and Lindig (1973),
where responses to syllable targets were faster
than those to phoneme targets when the re-
sponse items were syllables, but responses to
phoneme targets were faster than those to

syllable targets when the response items were-

phonemes. The present results obtained with
heterogeneous lists demonstrate that the

matching factor found to be critical by McNeill
and Lindig is not dependent on a homogeneous
list construction. These results rule out the
notion discussed above that the linguistic level

‘at which speech perceivers focus their attention

depends on-the level of the search list as well

‘as the level of the target. Within the con-
 ceptual scheme proposed above, these results

suggest rather that the linguistic level at which
speech perceivers focus their attention depends
on the level of the response item as well as the
level of the target. However, this suggestion

‘seems dubious. How can the level of an item

within a heterogeneous list determine the
level at which that item is to be attended? In
other words, if the subject knows the level of

-an item only after attention to that item, how

can the level determine the nature of that -
attentlonal process? .. .. ...

A solution to this dllemma mvolves
reconsideration of the implied assumption that
the difference in linguistic levels is the only
difference between a given syllable stimulus
and the corresponding phoneme stimulus. If
the vowel sounds in the syllable stimulus and
the phoneme stimulus were physically differ-

‘ent, one would not have to resort to the

notion of linguistic levels to explain why
matches were faster than mismatches. Subjects
would naturally respond faster to a stimulus
that was physically identical to-the target than
to one which was similar but not identical.

-Although the vowel sound in a given syllable

stimulus and the vowel sound in the corres-
ponding phoneme stimulus are physically
identical for the first 200 msec, they differ for
the last 125 msec. Hence only in the cases of a
match are the stimuli physically identical for
their complete duration. It is certain that the
difference between the syllable and phoneme
stimuli was even greater in the study by
McNeill and Lindig (1973) where natural
speech was employed, although a large
difference for their stimuli at higher linguistic
levels seems unlikely. If this explanation does
hold, the linguistic level at which the speech
perceiver focuses his - attention cannot be
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determined from either the present results or
those of McNeill and Lindig.

EXPERIMENT II

Since Experiment I demonstrated that the
matching factor is critical in determining the
effect of target level on response latency even

in heterogeneous lists, the present experiment

was designed to eliminate this factor com-
pletely. This manipulation permits a com-
parison of the latencies to respond to phoneme
and syllable targets that is free of bias.
Specifically, heterogeneous  lists  were
employed in the present experiment as in
Experiment I; however, unlike Experiment I,
in the present experiment 'the target and

response item always matched in level. The

- response item to a phoneme target was always
the phoneme itself, and the response item'to a
syllable target was always the syllable itself.
No instances of either upward or downward
search were included in the present experiment.

Method =~ . _
Subjects and apparatus, Sixteen different
Yale University undergraduates, who were
native speakers of English with no known
hearing defects, participated in this experiment
for course credit. The subjects were divided
into two groups of eight depending on their
time of arrival for testing. The same apparatus
was employed in the present experiment as in
Experiment L. o R
Design and materials. The same stimuli were
employed in the present experiment as
earlier. The experimental tape constructed
from these sounds for the identification task
was the same as that employed in Experiment
L. Since no difference between: experimental
tapes was found in the detection task of
Experiment I, only one experimental tape was
constructed for the present detection task;
this tape was based on one of the two tapes
employed in Experiment I. The practice tape
constructed for the present experiment was
similarly based on the practice tape employed
in Experiment 1. The targets for the two tapes

~Experiment I, -

“ received instructions v
"Experiment I, whereas subjects in Group 2

used in the detection task were identical to
those of the corresponding tapes of Experiment
I'but there were some changes in the list items,

-Whenever a response item did not match the

target item on a trial in the tapes from Exper-
ment I, it was changed for the tapes of Exper-
ment II so that it would match the target item.
The only other changes made were those
necessary in order to maintain the other con-
straints employed in constructing the tapes for

Procedure. The procedure of the present
experiment was analogous to that of Experi-
ment I except for one change in the identi-
fication task and one change in the detection
task, as described below. S

The two groups of subjects differed only in

~the instructions  they ‘were” given in the

identification "task. - Subjects “in 'Group 1
identical to those in

received modified instructions. These subjects
were given different names for the phoneme
stimuli to insure that these stimulj were heard
as phonemes and that the relationship of these
stimuli to the other stimuli in the population

~'was understood.’ In addition, these subjects
- were told to write on the response sheet for a
‘given stimulus the number beside jts name on

the list of names rather than the name itself,

-This new procedure was used because the new
-names given the phoneme stimuli were quite
“lengthy: “the intial sound in eqr and eve”

(/if), ““the initial sound in id and in” (1)), “the
initial sound in an and ar” (/=/), “the initial
sound in aim and aid” (fel/), “the initial sound
in I'm and I've” (/al/).

The only change in the detection task from
Experiment I to the present experiment was a
simplification of the instructions. The subjects
were told simply to press the response key
during the presentation of the list as soon as
they heard the target sound. No description of
upward .or downward search was included
since no such trials were involved in the present
experiment. Similarly, there was no need
under the present conditions to tell the subject
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to respond to the pronunciation not the
spelling of the sound, so that this part of the

instructions employed in Experiment I was’

. also deleted from the present experiment.

Results and Discussion

Identification task. Although more errors
were made on the identification task by
subjects in Gtoup 2 than subjects in Group 1,
the same pattern of results held for the two
groups. Hence in the discussion that follows
the data from all 16 subjects are combined.

The resuits of the present identification task
are summarized in Table 1 in terms of error
percentages pooled across subjects as a
function of vowel type and stimulus level. The
present results essentlally replicate those of
Expenment I. Again the peroentage of errors
" on the phonemes 9 and Jel/ is significantly
* larger than .on the other three phonemes,
T10)=6,p < .05. Also the error percentages
on the phonemes are less than on the corres-
ponding syllables for the vowels /if, /=/; and
[al/, whereas the reverse holds for the vowels
felf and [T/. .

Detection task No dlﬁ'erences were ob-
served in the data of the detection task from
Groups 1 and 2. ,J-Ience the data from both
groups of subjects are combmed in the
followmg discussion.
. The results of the detectxon task are sum-

marized in Table 2 in terms of mean latency
for correct responses as a function of target
vowel. For computing these means, as in
Experiment I, all latencies over 1 sec were
truncated to 1 sec.® An analysis of variance
computed on the mean latencies averaged
across response item positions yielded 14 msec
as the standard error of the entries of Table 2
for the present experiment. As in Experiment
I, the vowels /I/ and /el/, which had been
shown in the identification task to be more
difficult to identify, exhibited longer response

3 For the 960 subject-trials with response items, no
latencies were over 1.6 sec and only 24 latencies were
between 1 and 1.6 sec, 15 with phoneme targets and 14
with syllable targets.

‘latencies in the present task. The analysis

revealed a significant effect of target vowel,
F(4, 56) = 3.97, p < .01. In addition, although
the factor of target level was not significant,

- F(1, 14) = 2.79, p > .10, the interaction of the

factors target level and target vowel was
significant, F(4 56) =3.12, p<.05. This

.interaction is quite interesting. Phoneme

targets were responded to more quickly than
syllable targets for the target vowels fif, [=/,

-and /al/, but the reverse held for the vowels

1/ and /el/. Identifiability may be able to
account for the interaction completely since
more errors were made on the identification
tasks on phonemes than on syllables for the
vowels /I/ and /eI/, but the reverse held for the

-other vowels, /if, /2/, and /al/, just as latencies
- were longer in the detection task on phonemes
_than on syllables for those two vowels but the
‘reverse held for the other three. On the basis
~of the present results one cannot state cate- -

gorically that phonemes are detected more
rapidly than syllables, as one would have
expected if phonemes are perceptual units.

‘However, neither can one state categorically
- that syllables are detected more rapidly than
. phonemes, as ongmally suggested by Savin
“and Bever (1970). '

- Asin Expenment Lan addmonal analysis of
variance was computed on the mean latencies
from the present experiment averaged across
target vowels rather than response item
positions. Again latencies decreased mono-
tonically across response item positions from _
633 msec for Position 2, to 578 msec for
Position 3, to 535 msec for Position 4, F(2,
28) =25.28, p < .0l. This trend is consistent
with the notion that subjects’ criteria to
respond become more lax as the list pro-
gresses. Although a monotonically decreasing
function was found for both phonemes and
syllables, the factors of target level and
response item position did interact signi-
ficantly, F(2, 28) =4.15, p < .05; the latency
for phonemes was shorter than for syllables at
Position 3 but was not different from that for
syllables at Positions 2 and 4.
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~ The error rate on lists including response
items, 4.7%, was considerably lower in this
experiment than jn Experiment I. No regular
Ppattern of errors was evident in the present
data. o

SUMMARY AND ‘CONCLUSIONS B

The aim of the present study was to consider
the question posed by Savin and Bever (1970)
whether syllables are detected more rapidly

- than phonemes. McNeill and Lindig (1973)
Suggested that the previous results showing
that syllables are detected more rapidly than
Phonemes could be attributed to the following

artifact of the previous experimental studies;

. The search lists were composed exclusively of

.+ Syllables. : McNeill -and ‘Lindig showed 'that
.:.the match or mismatch between the level of

the target and the leve] of the search list was

- critical in determining .the speed with which'"

- the target would be detected.  The Ppresent

study was -designed to eliminate the critical -
matching factor of the previous studies by -
employing heterogeneous lists of phonemes °

and syllables, Howeyer, Experiment I demon-

.f. ‘removed merely by changing the nature of the -
lists. The relative detection rates of phonemes
and syllables were also shown to be affected

by the match or mismatch between the level of

the target and the level of the response item,

Specifically, syllable targets were detected

faster than phoneme targets when the response

items were syllables, but phoneme targets were
'detected faster than syllable targets when the
response items were phonemes. This result
was explained by referring to the fact that
although the vowel sounds in the syllable
stimuli and . the corresponding phoneme
-stimuli are physically identical for the initial
200 msec, they are not identical throughout
their complete duration.

The second experiment of the present study
was designed to remove the remaining biasing
factor by including no instances of either
upward or downward search; in every case the

response item and the target item matched in
level. Under these conditions it was discovered
that the answer to - the question whether
syllables are detected ore rapidly than

- phonemes is not 3 simple yes or no. Phonemes

are detected more rapidly than syllables when
the phonemes are relatively easy to identify,
but syllables are detected more rapidly than
phonemes when the DPhonemes are relatively

- difficult to identify, -

~ Although the present results and those of

‘the earlier studies do notallow one to conclude

that linguistic leve] per se affects the speed with
which speech sounds are detected, at least four

“factors have been Pinpointed as critical in
' determining how fast a speech perceiver can
~ detect a target ‘sound: () the difficulty of
 comprehénding “the - sentence in" which the
"'response item occurs (see for example, Foss,

1969; Foss &_ Lynch, 1969); (5) rhythmic cues

in continuous‘*’sp’egch (Shields, McHugh, &
" Martin, 1974); (c) the match or mismatch in
linguistic level of target and response item

(McNeill - & “Lindig, “1973; present study,

‘Experiment I); and (d) the identifiability of the

target sound (pres_ent_, _study, Experiments I

‘and II). "

* ‘The present results are also pertinent to the

more general question of the level at Wwhich
speech perceivers enter the language hier-

‘archy if two sets of assumptions are made:

(@) The phonemic and syllabic levels are pro-
cessed in discrete, nonoverlapping stages, and
(&) any differences in response latencies reflect
only differences in time for perceptual pro-
cessing of the stimulj. The present findings
are clearly incompatible with a model where
phonemes are recognized before syllables.
According to sych a model vowel targets,
which contain fewer phonemes than the
corresponding vowel-consonant targets,
would consistently show shorter latencies than
vowel-consonant targets. However, in the
present study vowel-consonant targets were
detected before vowe] targets in some instances
The present results also seem incompatible
with a model where syllables are recognized
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before phonemes, but a firm conclusion cannot
be made at present with respect to such a
model. A model where syllables are recog-
nized before phonemes would predict that
syllable targets would be consistently detected
. before phoneme targets. This prediction seems
incompatible with the results of the present
study if the vowel targets are classified as
. phonemes and the vowel-consonant targets

as syllables, in accordance with the classi- .

fication scheme adopted for the purposes of
the present study, since vowel targets were

" detected before vowel-consonant targets in -

some instances. However, it could be argued

as well as phonemes since they do stand alone.
" Under such a classification scheme, ‘the

before phonemes. .

We have tentative support for two contra- ;
'dictory conclusrons, that phonemes are not
recognized before syllables and that syllables -
~are not recogmzed before phonemes One way

to resolve this apparent contradiction is to
: _revnse'_the_assumpnon of discrete, nonover-
lapping processing stages by adopting a model

- processing of the phonemnc and syllablc levels

" of speech, where the speech perceiver enters .

" the linguistic hierarchy at the phonemic and
syllabic levels more or less simultaneously. In

either the phoneme or the syllable as the basic
perceptual unit but rather to consider the
phoneme and the syllable as linguistic entities
equally basic to speech perception.

Justas the assumption of discrete stages may
need revision, the assumption that differences
in latencies reflect only differences in per-
ceptual processing time may need qualifica-
tion (see also Foss & Swinney, 1973; Treisman
& Squire, 1974). We hope to learn from
detection tasks such as those employed in the
present study when the various levels of
linguistic analysis are carried out in speech
perception. For example, we would like to

HEALY AND CUTTING

conclude on the basis of the present results
that in speech-perception we do not necessarily
process the phonemic level before the syllabic
level. However, these conclusions about per-
ception may not be justified since certain levels
of analysis may be performed early in percep-
tion but may be difficult to access in a detection
task. The phonemic level may be such a level
as, most likely, is the level of the distinctive
feature. Therefore, we are justified in general-
izing our present results to speech perception
only to the extent that the order of processing
different linguistic levels for perception is the

.. same as the order of accessmg those levels ina
that vowel targets are classifiable as syllables . .. e

detection task. .
+- In conclusion, let us emphasnze the metho-

. ; dologxcal implications of the present study.
5 present results’ would not be incompatible - -
with a model where syllables are percelved_

These results make it clear that in any sub-

-sequent companson of phonemes and syllables
~.-the .identifiability “of the "stimuli must be -
..considered. If identifiability were. not control-
-led, mo conclusion about relative detection

rates of phonemes and . syllables would be
justified since a difference in either direction
could be produced by suitable choice of
stimuli. ' With one selection of stimuli, it

- would ‘be possible to demonstrate that pho-
nnvolvmg concurrent rather than sequential .

nemes are responded to faster than syllables,

whereas with another selection of stimuli, it

would  be possible :to “demonstrate that
syllables are responded to faster than pho-

-nemes, .-
other words, it seems best not to consider ... ‘
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