Perceptual Influences on Place Assimilation: A Case Study

INTRODUCTION

Several cross-linguistic surveys of place assmilation (Cho 1990, Mohanan 1993,
Jun 1995, Shin 2000) have revealed that this process targets nasals more often than
plosives in the languages of the world. Moreover, Mohanan (1993), Jun (1995) and Shin
(2000) have pointed out that this cross-linguistic tendency exists because thereis an
implicational relationship between nasals and plosives as targets of place assimilation:
there are no languages in which plosives assimilate without nasals doing so as well, even
though there are languages in which nasals but not plosives assimilate (e.g., Chiyao,
Ponapean, Y oruba), and languages in which both groups of sounds assimilate (e.g.,

Maayalam, Catalan, Korean).

While Cho (1990) attributed this implicational asymmetry between plosives and
nasalsto an “accidental gap,” others have attempted to account for this cross-linguistic
tendency by appealing to the comparative perceptua strength of cues for place of
articulation in plosives and nasals. This argument—as first elaborated by Jun (1995)—
maintains that nasals are more susceptible to the process of place assimilation because
their place cues are perceptually weaker than the corresponding cues for plosives. Jun
(1995) goes on to claim that speakers are aware of the perceptual differences between
nasals and plosives, and are, therefore, more likely to permit the less-perceptible place
information in nasals to undergo assimilation, since listeners would be lesslikely to

notice this aternation. The interpretation of place assimilation as perceptually motivated



in thisway has been echoed in subsequent years by Steriade (2000), Boersma (1998) and

Shin (2000).

Thereislittle experimental evidence, however, showing that the perceptual
weakness of nasals motivates their cross-linguistic likelihood to undergo place
assimilation. On the contrary, experiments which have been specifically designed to test
the perceptual underpinnings of place assimilation have shown that listeners seem to be
able to perceive place information in nasals as well as or better than they perceive place

information in plosives.

Ohala (1990), for instance, investigated the perceptual motivation for place
assimilation by testing listener responses to place cues in an appropriate context for this
process to occur. Ohala had theorized that the context-varying nature of place cues might
account for the fact that place assmilation is usually regressive and not progressive.
Specifically, Ohalareasoned that the relative perceptual strength of place cues leading
into and out of stop consonants determined the most likely direction of place assimilation.
For instance, the first stop consonant in aVC,C,V sequence often lacks arelease burst.

In this case, the stop will only have a post-vocalic transition cue to its place of
articulation. The C, consonant, however, will always have both burst and transition cues
to its place of articulation, thereby giving it a perceptual advantage over C;. Ohalaaso
cited evidence from Fujimuraet al. (1978) , which showed that pre-vocalic stop
transitions are perceptually stronger than post-vocaic stop transitions. On the basis of

this evidence, Ohala hypothesized that the combined strength of place cues for C, might



be able to overwhelm the corresponding place cues for C,, perceptually, and thereby
result in the listener perceiving the entire consonant sequence as one, homorganic stop
cluster with the place of articulation of C,. Ohala claimed that such an unintentional and
“innocent” misperception on the part of the listener might be the perceptual motivation
underlying the cross-linguistic phonological asymmetry between progressive and

regressive assimilations.

In order to demonstrate the ability of the burst and transition cues for C; to
override the corresponding cues for C;, Ohala constructed a series of VCV stimuli which
had conflicting place cues leading into and out of the intervocalic consonant. To give one
example, Ohala spliced together aVVCV sequence which had a post-vocalic /p/ transition
leading into the intervocalic consonant while a pre-vocalic /k/ transition (preceded by a
/k/ burst) led out. Ohala also constructed a similar set of VNCV stimuli, with post-
vocalic nasal stop transition cues leading into the intervocalic consonant. In asmall case
study, Ohala then played these stimuli to listeners and asked them to identify the
intervocalic consonant; in the case of the af orementioned example, the listeners would
have had the option of replying that the sound they heard was either “apa,” “aka’ or
“other.” Ohalafound that listeners consistently identified the place of the intervocalic
consonant according to the place of the pre-vocalic, C, stop. On the basis of this
evidence, then, Ohala concluded that “innocent misapprehensions’ in perception could
account for the general cross-linguistic tendency towards regressive place assmilations.
Ohala did not, however, find any significant differences in identification rates between

the VCV and VNCV groups of stimuli. Ohala sresults do not, therefore, support the



hypothesis that perception motivates the nasal/plosive asymmetry in place assimilation,
since they showed no significant perceptual differences between these two groups of

sounds.

Huraet al. (1992) also hypothesized that perception might play arole in shaping
cross-linguistic patternsin place assimilation, but their understanding of perception’s
influence on phonology differed significantly from Ohala's. Huraet a.’s interpretation
of the relationship between perception and phonology followed that of Kohler (1990),
who claimed that perception influenced phonology inasmuch as “ speakers are likely to
sacrifice articulations that would be difficult for listenersto hear.” With respect to place
assimilation, thisidea meant that place assimilation would only occur if listeners would
not be likely to notice the loss of place information in the potential targets of assimilation.
Kohler (1990) himself claimed that, “...fricatives are not assimilated under any
conditions, because they are acoustically and auditorily far more distinct than nasals and
unrel eased stops with regard to place cues so that their articulatory reduction would be

too salient, and is, therefore, not tolerated.”

Huraet al. (1992) ran an experimental study in an attempt to test the truth of this
claim. For thisstudy, Hura et al. constructed a set of stimuli with VC,C,V sequences
embedded in pairings of first and last names, with the break between names coming
between the two intervocalic consonants (e.g., “Shanick Terry”). The C; consonants were
either stops, fricatives or nasals of three different places of articulation (labial, alveolar

and post-alveolar), while the C, consonants were al stops, of the same three places of



articulation. Listenersin this study were asked to listen to the first name-last name

sequence and identify the first name only.

Huraet a. found that listener error rates were lowest when the C, consonants
were fricatives. This supported Kohler’s hypothesis that fricatives did not undergo place
assimilation because their place cues were too salient, perceptualy. Huraet al.’sresults
did not, however, confirm that a corresponding perceptual difference existed between
nasals and stops. “Planned comparisons revealed a significant difference for nasal and
stop consonants vs. fricatives...no significant difference was found between nasals and
stops.” Huraet al. also noted that most of the errors their listeners made were non-
assimilatory and involved, instead, a bias in the mistaken responses towards what they
called a“default” segment. Hura et al. suggested that this result mitigated against the
likelihood that “innocent misapprehensions’ could account for patternsin place
assimilation--as Ohala had hypothesized--and instead argued for the Kohlerian view, in
which the place distinctions which were most difficult for listenersto perceive (asin
nasals and unreleased stops) were the most likely to become the targets of place

assimilation.

The fact that listeners responded more often with “default” segments instead of
assimilatory mistakes, however, may have been an artifact of Hura et al.”s experimental
design, rather than an indication of a more general perceptual tendency. The “default”
segments for nasals and stops, for instance, were the alveolars /n/ and /t/, respectively.

This biastowards alveolars is unsurprising, since /n/ and /t/ are more frequently found at



the ends of English words than their labial and post-alveolar counterparts, and it has been
shown that lexical frequency biases listener responses in identification experiments
(Newman, Sawusch and Luce, 2000). The “default” segment for fricatives, however, was
/[/, even though the most common word-final fricative in English isthe aveolar /5. This
bias towards /[/ responses may have arisen because listeners had heard an initial /[/ in the
“Shani-* name context. The bias towards /n/-responses may have been influenced by the
/n/ in this context, aswell. The productive English suffix, /-1f/, may have influenced
listener responses towards/[/, aswell. The dubious origins of Hura et al.’s “ default”
segments therefore leaves it unclear as to whether or not the results of their study
convincingly eliminate the possibility that “innocent misapprehensions’ might still

influence processes of place assimilation, as Ohala (1990) suggested.

In spite of these potential problems with Hura et al.’s study, however, it has given
credence in ensuing years to the Kohlerian interpretation of perception’sinfluence on
place assimilation. Despite the fact that Hura et al.”s results could only account for the
perceptual differences between fricatives and (collectively) nasals and stops, it has
become commonplace for phonol ogists to assume that perception motivates other
asymmetriesin place assimilation. A number of such asymmetries were unearthed, for
instance, by Mohanan (1993) in asmall, four-language survey. Mohanan’s research
uncovered such asymmetries as: if noncoronals undergo assimilation, so do coronals; if
labials trigger assimilation, so do velars; if nonsonorants undergo assimilation, so do

sonorants, etc.



By the time Jun (1995) expanded upon this survey, he did so under the
assumption that the cross-linguistic asymmetries he found would all have perceptual
origins. Jun therefore modeled these asymmetriesin an OT framework, along Kohlerian
lines. In hismodel, Jun represented a segment’s (or a class of segments’) susceptibility
to place assimilation with a perceptually-based “Preserve’ constraint. “Preserve”
constraints were satisfied by the preservation of aparticular underlying segment on the
surface, while articulatorily-motivated “Weakening” constraints were satisfied by the
elimination of particular articulatory gestures on the surface. If a preservation constraint
for aparticular class of segments was ranked lower than the “Weakening” constraint, it
could not, therefore, prevent the elimination of certain gesturesin that class of
segments—as happens in place assimilation. Furthermore, preservation constraints were
ranked according to auniversal hierarchy of perceptual salience; the least salient (or
distinctive) segments were, therefore, the least likely to be “preserved’—or, as Kohler
would have it, the most likely to be eliminated through the processes of articulatory
weakening.

1) Place Assimilation Example from Jun (1995)

Korean /ip + ko/ - [ikko] ‘wear and...’

/lip + ko/ | Preserve (place (onset)) | WEAKENING | Preserve (place (coda))
ipko *x|

© | ikko * *
ippo *| *

Jun applied this framework to the results of his expanded cross-linguistic survey of place
assimilation processes. In thisframework, then, the fact that plosives only underwent

place assimilation if nasals did fell out from the fact that the preservation constraint for



plosives was universally ranked higher than the corresponding constraint for nasals. This
ranking, in turn, depended on the place cues for plosives being stronger than the same

cuesfor nasals.

Without explicit evidence demonstrating the greater likelihood of nasalsto
undergo assimilation in an experimental setting (asin, e.g., Ohala 1990 and Hura et al.
1992), Jun’s argument for the comparative perceptual weakness of nasals rested on the
results of afew studies on the perception of place in post-vocalic position. For instance,
Jun cited Malecot (1956) as showing that, in post-vocalic position, nasal place cues were
less salient than were plosive place cues. Malecot’s (1956) study had included a
condition in which post-vocalic stop and nasal transitions were cross-spliced with nasal
murmurs of conflicting place (e.g., /o d}/ transitions + /m/ murmurs, or /og n}/
transitions + /m/ murmurs) and then played to listeners. Malecot’s results showed that,
for the plosive transition + nasal murmur combinations, the place information in the
plosive transition consistently determined the place of articulation given in the listener
responses, regardless of the place information in the nasal murmur. However, for the
nasal transition + nasal murmur combinations, the place information in the nasal murmur
occasionally overrode the conflicting place information in the nasal transitions. From
these results, Jun concluded that post-vocalic plosive transitions must provide stronger
place cues than do post-vocalic nasal stop transitions. Jun also argued for the greater
confusability of nasals by appealing to the results of Mohr & Wang (1968). Mohr &
Wang (1968) had run a similarity estimation study in which they played sequences of two

sounds to listeners and then asked them to estimate how similar the two sounds were, on



ascale from oneto five. Listenersin this study consistently ranked contrasting nasals as

more similar to each other than contrasting plosives, or sounds of any other type.

Other phonologists have concurred with Jun’s idea that the perceptual weakness
of nasals motivates their susceptibility to place assimilation. The argument that nasals
are perceptually weaker than plosives has appeared in a handful of other studies since Jun
(1995). Ohala & Ohaa(1993), for instance, mention that, “ Although nasal consonants as
aclass are highly distinct from other consonants, their place cues are less salient than
those for comparable obstruents.” Boersma (1998) also claims--in describing the
limitation of place assmilation to /rn/ (and not just /t/) in Dutch--that, “The restriction to
nasals can be explained by the fact that, e.g., the nasals/m/ and /n/ are perceptually much
more alike than the plosives /p/ and /t/, so that the listener will rely less on place
information for nasals than for plosives, so that the speaker has more freedom to
mispronounce a nasal than aplosive.” Boersma (1998) cites the results of Pols' (1983)
consonant confusion study as justifying the claim that /m/ and /n/ are more confusable
than /p/ and /t/ for Dutch speakers. Pols (1983) played post-vocalic stops and nasals to
Dutch listeners in various conditions of reverberation and noise; the results of this study
seemed to show that nasals were less likely to be identified correctly than stops under
these conditions. Similarly, Shin (2000)—in another analysis of cross-linguistic patterns
in place assimilation—claims that, “All the peculiar assimilatory patterns of nasals are
due to the fact that the place features of nasals are less salient compared to oral stops and
fricatives.” Finaly, Steriade (2001) recounts that, “Kohler (1990) notes that nasals are

more likely to assimilate than stops and stops are in turn more likely than fricatives,



observations confirmed by Jun’s (1995) survey...The correspondence between place
assimilability and rates of place confusion was later established by Hura, Lindblom,
Diehl (1992)...The resulting misperception rates display the hierarchy nasals > stops >

fricatives, with nasals being the most confusable class.”

Steriade’s (2001) comments reveal an interesting trend to assume—on the basis of
phonological facts—a perceptual explanation that does not, in fact, exist. Huraetal.’s
(1992) results did not reveal a significant difference between the error rates for these
nasals and plosives, despite Steriade’s (2001) claimsto the contrary. Ohala (1990) also
failed to show significant differences between these two groups of sounds. Interestingly
enough, Ohala & Ohala (1993) also cite studies such as Singh & Black (1966) and Wang
& Fillmore (1961) as demonstrating the perceptual weakness of nasals. Upon closer
examination, however, the discrimination of nasals seems to be amost perfect in the
results of Singh & Black (1966), who themselves claimed, “the two nasal sounds/m/ and
/n/ were highly intelligible among all groups of speakers and listeners.” Wang &
Fillmore's (1961) results al'so show no clear trend towards the perceptual weakness of
nasal's as opposed to stops; Wang & Fillmore'slistenersidentified nasal place correctly
about as often as they did place in plosives. These results are, however, of dubious
relevance to claims about potential targets of place assimilation, since Wang & Fillmore
only reported results for nasals and stops in pre-vocalic position, and claimed that

responses for consonants in post-vocalic position were “nearly random,” anyway.
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A pair of more recent studies have also failed to demonstrate a clear difference
between the perceptual strength of nasals and plosives. Winters (2000), in an attempt to
provide empirical underpinnings for the hierarchies of perceptual salience in Jun (1995),
had listeners identify plosives and nasals of three different places of articulationin VC
syllables at both a comfortable listening level and at speech reception threshold. Winters
(2000) results did not show a significant difference between the perception of these two
groups of sounds, although listeners did show a dight tendency to identify nasals
accurately more often than plosives. Winters (2001) discovered the same trend—though
also not significant—when he expanded the previous study by playing post-vocalic stops
and nasalsto listenersin VCCV sequences, an appropriate context for place assmilation
to occur. Thislast study confirmed the trend that those studies which have investigated
the perception of place of articulation in an assimilatory context (Winters 2001, Ohala
1990, Huraet a. 1992) al show no significant differences between the perception of
nasals and plosives. The claim that nasals susceptibility to place assimilation therefore
rests solely on the results of such studies as Malecot (1956), Mohr & Wang (1968) and

Pols (1983), all of which tested the perception of place in aVC context.

These studies may have yielded conflicting results not only because of the
different phonological contexts used in each, but also because of their varying
methodologies and listening conditions. Pols (1983), for instance, degraded the signals
that he played to listeners by masking them in various amounts of noise and
reverberation. In contrast, Winters (2000, 2001) degraded the signal by playing it to

listeners at their speech reception threshold. The discrepant results of these studies
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suggest that any perceptual differences which exist between nasals and plosives might

only emerge under noisy conditions, without appearing at speech reception threshold.

The following study therefore expanded on the Winters (2001) paradigm in order
to test the hypothesis that the perceptual differences between nasals and plosives might
emergein aVCCV context, aswell, under similar conditions to those listeners
experienced in the Pols (1983) study. Listenersin this study therefore had to identify
stimuli of the form VC,C,V--where C; was either a plosive or anasal, in the appropriate
context for place assimilation—in four different listening conditions. at a comfortable
listening level, in noise at both +6 dB and —6 dB signal-to-noise ratios, and at speech
reception threshold. Given the results of previous experiments, it was expected that the
perceptual differences between plosives and nasals would only emerge in the noisy
listening conditions, while any differences between the two groups of sounds would
remain indeterminate in both the comfortable listening level and speech reception

threshold conditions.
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METHOD

Stimulus Production, part |

VCCV dtimuli were constructed from items that were recorded as read by two
native speakers (one male and one female) of American English. The speakers were
recorded while reading a script of sentences in a sound-attenuated booth. The speakers
spoke through a Shure SM10A head-mounted microphone, connected through a Symetrix
SX202 Dua mic pre-amplifier (gain = 50 dB) into a Denon DRM-700 stereo cassette
tape deck, where recordings were made onto Maxell Professional/Industrial C60 tape

cassettes.

The script that the speakers read contained the dlicitation items—written in
pseudo-phonetic English—in three separate carrier contexts. The three contexts for the

eicitation items "EEB" and “BEE” were, for example:

2a) Say EEB. (context one) 2b) Say BEE.

3a) Don't say EEB, say EEG.  (context two) 3b) Don’'t say BEE, say GEE.

44) Don't say EED, say EEB.  (context three) 4b) Don't say DEE, say BEE.

Each production item appeared in contexts 2 and 3 twice—once with each of the other

items containing stops of contrasting place of articulation, in an identical vowel context.
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For example, "AHN" appeared in four different sentences of the form in contexts two and

three:

5) Don't say AHN, say AHM.
6) Don't say AHN, say AHNG.
7) Don't say AHM, say AHN.

8) Don't say AHNG, say AHN.

Elicitation items included post-vocalic voiced stops of three different places of
articulation (labial, coronal, dorsal) as well as post-vocalic nasals at the same three places
of articulation. The €elicitation script also included pre-vocalic voiced stops of the same
three places of articulation. The vowelsfor al three dlicitation types—pre-vocalic stops,
post-vocalic stops, and nasals—were the three corner vowels, /i/, /u/ and /al. The
speakers read each elicitation item in each of the various contexts five times. The order
of items differed in each of the five readings, so that no single item was consistently read

at the end of the sentence list.

All original €elicitation items were digitized at a sample rate of 22050 Hz using
MacQuirer (version 4.7) on a Macintosh Power G3, while playing back on a JvVC TD-
W354 double cassette deck. The original items were then edited out of the carrier
contexts using MacQuirer, and saved to disk as .aiff filesfor later presentation in a

stimulus quality pre-test.
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Stimulus Presentation, part |

The stimulus quality pre-test was run in order to determine whether any of the
origina elicitation items had been produced unclearly or incorrectly. Each edited
eicitation item was therefore played to five separate listenersin order to determine
whether or not it would be perceived as it had been intended to be uttered. Listenersin
this pre-test heard each item while sitting in a sound-attenuated booth; the items were
played by a custom SuperCard program (version 2.0) on a Power Macintosh 7100/80
over Sony MDR-7502 Dynamic Stereo Headphones. Listeners worked through the
stimuli in this pre-test in a self-paced task. The stimuli were split into nine separate
blocks by vowel type, syllabic position of consonant, and consonant manner. Blocking
the stimuli in thisway simplified the listeners' task to one of only having to determine the
place of articulation for the consonant in each stimulus they heard. Participants
completed thistask by first listening to the SuperCard program play an individual
stimulus token (e.g., [bu]) and then answering the on-screen question “What did the
Speaker say?’ Listenersregistered their responses by simply clicking on the appropriate
response button on the screen. These response options were written in pseudo-phonetic
English (e.g., “boo,” “doo,” “goo”) and only differed from each other in terms of the
place of articulation of their final or initial consonant. Listeners had the option of
changing their responses before moving on to the next sound, but could only hear each

individual stimulus once.
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Though each stimulus was presented to five different listeners, each listener
worked through only six of the nine blocksin the pre-test. Each block contained 90
different stimuli (3 places of articulation x 5 carrier contexts x 3 repetitions x 2 speakers),
so each listener heard atotal of 540 different stimuli. Inall, nine listeners participated in
this pre-test; al listeners were introductory linguistics students at the Ohio State

University, participating for course credit.

Stimulus Production, part 11

Only those stimuli which were correctly identified by all five listenersin the
stimulus quality pre-test were considered for inclusion as stimuli in the subsequent
perceptual study. This study tested listener perception of place in an appropriate context
for place assmilation (a sequence of VC-CV syllables) in four different listening
conditions. at a comfortable listening level (condition CLL), in noise at a+6 dB signal-
to-noise ratio (condition PLUS), in noise at a—6 dB signal-to-noise ratio (condition
MINUS), and at speech reception threshold (condition SRT). The basic set of stimuli
was identical in each of these four conditions, with the particular listening condition

superimposed on the basic listening task in each case.

The creation of the basic set of stimuli involved splicing together VC and CV
tokens (using Macquirer v. 4.7) from the set of original items to create a sequence of VC-
CV gyllables. VC and CV syllables were matched according to vowel, carrier context

and speaker—i.e., VC syllables from carrier context one were only matched with CV
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syllables from carrier context one; V C syllables containing the vowel [i] were only
spliced together with CV syllables containing the vowel [i], etc. Release bursts—which
had been present in the experimental pre-test—were removed from all stops and nasalsin
the V C utterances before splicing them together with CV syllables. This was done
according to the received wisdom (Abercrombie, 1967; Ladefoged, 1975; Jun, 1995) that
stops which precede other stops in consonant-consonant clusters are generally unrel eased.
There is some evidence, however, which suggests that this claim may be an
oversmplification of the phonetic facts; for more details, see Henderson & Repp (1982)

and Kim & Jongman (1996).

VC and CV syllables were spliced together so that 150 milliseconds separated the
first vowel offset and the onset of the vowel in syllable two. The duration of 150
milliseconds was chosen because it was reported by Stetson (1951) to be the average
duration of intervocalic CC clustersin English. In the case of vowel-nasal-stop-vowel
sequences, this 150 millisecond intervocalic interval included the nasal murmur. Some
original VN utterances included nasal murmurs that were longer than 150 millisecondsin
duration; in these cases, the nasal murmur was cut to be just under 150 millisecondsin

length.

Stimuli which had been spliced together in thisway were then used asisin the
comfortable listening level (CLL) portion of the perceptual study. For the PLUS and
MINUS listening conditions, noise was added to the stimuli by altering them with a

custom perl script (courtesy of Keith Johnson). This script (see Appendix 1) operates by
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first calculating the RM S amplitude of an .sd file and then adding to it a pre-specified
level of noise. In order to add noise to the basic set of VC-CV stimuli, the test stimuli
first had to be converted from .aiff to .sd format. Thiswas accomplished by first
converting al basic stimuli from .aiff to .wav format using SoundApp (ver. 1.5.1., by
Norman Franke) on a Power Macintosh G3. The resultant .wav files were then
transferred to a UNIX system, where the custom perl script converted them from .wav to
.sd format. The script then took the converted .sd files, added half a second of silence
both before and after the file, calculated the RM'S amplitude of the sound file, and added
white noise to thefile in a pre-specified signal-to-noise ratio (SNR). Noise was added at
both a SNR of +6 dB and a SNR of —6 dB to create two separate sets of sound files for
the PLUS and MINUS listening conditions. The resultant files were then converted back
to .wav format (using the custom perl script), and then transferred back to a Power

Macintosh G3, where SoundA pp was once again used to convert them to .aiff format.

Stimulus Presentation, part ||

Edited VC,C,V stimuli were presented to listenersin nine separate blocks, split
according to vowel and C; manner (nasal or plosive). Blocking the stimuli in thisway
ensured that the listeners' only task was to determine the place of articulation of the two
consonants in the VC;,C,V sequence. Each block contained 54 (3 C; x 3 C, x 3 carrier
contexts x 2 speakers) stimuli, so each listener heard atotal of 324 stimuli in Six separate

blocks.
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Listeners heard the stimuli as played by a custom Supercard program (version
2.0) on a Power Macintosh 7100 in a sound-attenuated booth, over Sony MDR-7502
Dynamic Stereo Headphones. Listeners worked through the six blocks of stimuli in a
self-paced task; after they heard each stimulus, the Supercard program would present
them with the question “What did the speaker say?’ on a screen that included nine
different response options, written in pseudo-phonetic English. The response options
only differed from each other in the place of articulation of the two intervocalic
consonants. The response options were also written as sequences of two words.
Presenting the choices in this way helped clarify the distinction between coronal and
dorsal nasals before /g/ (e.g., “een gee” as opposed to “eeng gee”). Listenersregistered
their responses by simply clicking on the appropriate on-screen option. Listeners had the
option of changing their responses before moving on to the next stimulus, but could hear

each individual sound only once.

All stimuli were played to listeners through an Atus AM 100 stereo mixer, which
enabled relatively fine-tuned adjustments of the loudness level of the stimuli through the
headphones. Before testing began, the loudness level of stimuli being played through the
mixer was calibrated for each of the four listening conditions using a Quest 155 sound
level meter (ANSI standard type 1). For the comfortable listening level (CLL) and the
two noise conditions (PLUS and MINUS), the output level was adjusted so that the sound
level of the stimuli through the headphones was approximately 70 dB SPL. Previous
calibration—using the same instruments—had determined that the appropriate loudness

level for "speech reception threshold" (as determined by the method described in Winters
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2000, 2001) was approximately 40 dB SPL. The output level of the mixer was therefore
adjusted before each listening condition so that the listeners heard the stimuli at the
appropriate loudness level. 1n the Speech Reception Threshold (SRT) condition, the
extra step of removing the Macintosh CPU from the sound booth was taken so that the

noise from itsfan would not interfere with the listening task.

There were twenty listenersin each of the four separate listening conditions, for a

total of 80 listeners altogether. All listeners were introductory linguistics students at the

Ohio State University, participating for course credit.
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RESULTSAND ANALYSIS

Table 1 shows the raw response totals for all listeners, broken down by the
manner and place of the C; consonant, for all four listening conditions. The percentages
of correct responses reveal some of the genera trends in the data; there are, for instance,
more correct responses in the CLL and PLUS listening conditions than there are in the
other two listening conditions. Analyzing response data only in terms of correct
identification percentages may be problematic, however, in that these percentages may be
influenced by listener response bias. Such bias seemsto exist, for example, inthe PLUS
listening condition, where listeners strongly favored the coronal response option over its
labial and dorsal aternatives. Thus, the high number of correct “coronal” responsesin
this listening condition does not reflect listener sensitivity to these sounds so much asit

reflects their biased tendency to ssimply give coronal responsesin this condition.

In an attempt to filter out the effects of listener response bias, raw response totals
were converted into values of A’, anon-parametric measure of listener sensitivity to
particular contrasts (Grier, 1971). A’ accounts for listener biasin part by incorporating
the percentage of “false alarms’ for a particular response category into a measure of
listener sengitivity. Since the task in this study included three response options, false
alarms for aparticular response category were counted any time that response option
(e.g., labial) was chosen in response to stimuli of either alternative category (e.g., coronal
or dorsal). Table 1 lists the percentage of hits and false alarms for each response

category, along with the values of A’ for each place and manner of articulation, in all four
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listening conditions. The values of A’ were calculated with the following formula, as

givenin Grier (1971):

2)A' =12+ (H=FA)* (L+H—FA)
4% H* (1-FA)

where H and FA represent the percentages of hits and false alarms, respectively.

A repeated measures analysis of variance (ANOVA) was run in order to
determine whether any trends in the resultant A’ values were statistically significant.
This ANOVA included Place (Iabial, coronal, dorsal) and Manner (plosive, nasal) as
within-subjects factors, and ListCond (CLL, PLUS, MINUS, SRT) as between-subjects
factors. The ANOVA did not include several other potential factors—vowel context
differences, speaker differences, carrier context differences, and the place of articulation
of the C, consonant—in an attempt to limit the complexity of the ANOVA and also to
focus the analysis on the crucia issues: whether nasals' lack of salience (in comparison to
plosives) accounts for their susceptibility to place assimilation, and whether or not this
difference in salience is affected by listening condition. The variability inherent in the
other, unanalyzed factors was included in the experiment to shield the results of interest
from potential confounds and artifacts arising from any single experimental condition--
e.g., the possibility that either nasals or plosives might be more salient in an [i] vowel
context, or when produced by the female speaker, etc. Table 2 lists those factors which
were found to be significant in the ANOVA. Post-hoc, two-tailed t-tests were also run on

individual A’ populationsin order to determine the direction of significance for the
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individual factors and their interactions in the analysis of variance. Table 2 provides a

summary of the results of these t-tests, which are spelled out in more detail in Table 3.

These statistical tests confirm neither of the predictions made prior to the study.
The results of the ANOV A and the post-hoc t-tests indicate that listeners are more
sengitive to the distinctions between nasals in the appropriate context for place
assimilation than they are to the distinctions between plosives. The Manner factor (in
Table 2) is significant and the post-hoc t-tests reveal that the mean A’ value for nasals
across all conditionsisreliably greater than the same value for plosives. Such results
indicate that perceptual weakness does not motivate the susceptibility of nasals to place
assimilation in the manner proposed by Kohler (1990) and Jun (1995). If the Kohlerian
interpretation of place assimilation applied to these results, speakers would be more

likely to alow plosives to undergo place assimilation than nasals.

The statistical analysis of the response data also reveals that the perceptual
strength of nasals variesin comparison to plosives across listening conditions, although
not in the manner originally expected. Nasals were perceptually stronger than plosivesin
the CLL, PLUS and MINUS conditions, but not in the SRT listening condition. Here,
listeners were more sensitive to the distinctions between plosives than they were to the
distinctions between nasals. This result unexpectedly conflicts with the earlier findings
of Pols (1983) and Winters (2000, 2001). These previous studies had indicated that the
perceptual salience of nasals diminishesin noisy listening conditions (asin Pols 1983),

while remaining on a par with plosivesin clear listening conditions or at speech reception
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threshold (as in Winters 2000, 2001). The opposite pattern emerged here: listeners were
more sensitive to nasal distinctions in the CLL and noisy listening conditions, but more

sensitive to plosives at speech reception threshold.

Considering the acoustic nature of the cues for place of articulation in plosives
and nasals may provide one means of resolving this conflicting pattern of results.
Malecot (1956), for instance, showed that post-vocalic plosive transitions provide
stronger cuesto place of articulation than do post-vocalic nasal transitions. The
articulatory mechanics of producing post-vocalic nasals may account for this difference;
the opening of the velo-pharyngeal port in anticipation of a subsequent nasal stop closure
may obscure the transition cues at the end of a vowel by nasalizing that portion of the
vowel (Mary Beckman, p.c.). However, post-vocalic nasalsin a VNCV context also have
place cuesin the nasal murmur (as was shown by Malecot 1956) and in the transition
between the vowel and the nasal murmur (Kurowski & Blumstein 1984). The results of
this study suggest that the combination of post-vocalic nasal transition and nasal murmur
cues is perceptually stronger than post-vocalic plosive transitions alone. The added
salience provided by nasal murmur cues could account for the perceptual strength of
nasalsin the CLL condition. The combination of transition and murmur cues also
appears to be resistant to the masking effects of noisein the PLUS and MINUS
conditions. However, listeners may not have been able to pick up on the nasal murmur
cues—which have arelatively low amplitude to begin with—in the SRT condition. The
inaccessibility of these cuesfor listeners would result in post-vocalic transitions

providing the only cues to place for nasals and plosives at speech reception threshold. In
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this case, the perceptual dominance of plosive transitions over nasal transitions

apparently re-emerged.

This account is not inconsistent with the findings of Winters (2000, 2001), but
still does not account for the comparatively poor perception of nasalsin Pols' (1983)
study. One possible explanation for this discrepancy isthat the stimuli in Pols (1983)
may have also included release bursts on the post-vocalic plosives; this extra cue to place
may have made plosives more distinctive, perceptually, than nasals. Malecot (1958),
Winitz et a. (1972), and Blumstein & Stevens (1980) have all shown that release bursts
provide very salient place information for plosives. Pols study was also carried out in
Dutch, with Dutch listeners, and may therefore reflect fundamental differences between

the ways Dutch and English listeners perceive place of articulation.

ANOTHER ANALYTICAL VIEW

While analyzing response data in terms of listener sensitivity (i.e.,, A’) addresses
the issue of whether or not perceptual salience may influence place assimilation as
Kohler (1990) envisioned, it still leaves open the question of whether or not “innocent
misapprehensions’ yield particular patternsin place assimilation, as Ohala (1981, 1990)
suggested. In Ohala stheory, perception’s influence on phonology arises solely from the
listener, and the types of perceptual mistakes that they are prone to make. In order to
address the question of whether or not the perceptual mistakes listeners made in this

study can account for nasals susceptibility to place assimilation, then, it is necessary to
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look for any tendency in the listeners to mistakenly perceive heterorganic consonant-
consonant sequences as homorganic sequences—i.e., the sort of “innocent” perceptual

mistake that could lead to a phonological process of place assimilation.

Tables 4 and 5 summarize the listener responses to stimuli with heterorganic
clusters, grouped together by C; place of articulation and listening condition. These tables
list the responses to these stimuli according to their relationship, in terms of place of
articulation, with the original stimulus. For example, if the origina stimulus was alabial-
coronal cluster, “X” would denote the labial place of articulation while “Y” would denote
the coronal place of articulation (and a“Z” in this case would designate dorsal). If a
listener mistakenly identified this stimulus as a labial-dorsal sequence, then, the response
would count as an XZ mistake, since the labial place in the response isidentical to the
original X place of articulation in the stimulus, while the Z (dorsal) place in the response
matches neither the X (labial) nor the Y (coronal) place in the original stimulus cluster.
The mistake type that is of particular interest in these Tablesisthe“YY” response to
heterorganic “XY” stimuli—i.e., those “innocent” listener misapprehensions which result
in perceptually-derived regressive place assimilations. Table 6 lists the frequency of
these mistakes for each C1 manner and listening condition, while grouping all other
response types (including correct responses) together under the heading of “non-
assimilations.” Given thissmall set of contingency tables, it is possible to determine,
using ax” test, whether or not listeners are more likely to “innocently misperceive’ place
assimilations when the original stimuli are nasal-plosive sequences than when they are

plosive-plosive sequences. The x° testsreveal that thisis, in fact, the case in the MINUS
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and SRT listening conditions (p = .001 and p = .004, respectively). On the basis of this
evidence, then, one may draw the conclusion that, under such extreme listening
conditions, the comparative likelihood of nasal-plosive clusters to be misperceived as
regressively assimilated, homorganic clusters may account for their cross-linguistic

susceptibility to place assimilation.

Whether or not this story is particularly realistic remains unclear, however. The
proportion of regressively-assimilated, YY misperceptionsis still much smaller than the
number of correct responses, and is generally about the same as the proportion of ZY
responses. The number of ZY responses, in fact, presents an interesting conundrum in its
own right. Table 6 also lists contingency tables broken down into ZY responses and non-
ZY responses for each manner type and listening condition; x° tests on these tables reveal
that listeners are more likely to misperceive plosive-plosive sequences as having the
corresponding ZY places of articulation in the CLL and PLUS conditions (p < .001 and p
=.003, respectively) than they are to misperceive the nasa-plosive sequences in the same
way. Onthe basis of Ohala s theory, then, one ought to expect that the “innocent
misapprehensions’ of listeners should be just as likely to spawn XY - ZY processes as
they are to produce XY - Y'Y assmilations, since phonological processes such as these
are entirely listener-based in origin. Moreover XY - ZY processes should more
commonly involve plosive-plosive sequences than they do nasal-plosive sequences. This,

of course, isnot the case; XY - ZY processes are not as common as regular assimilatory

processes of theform XY - YY, if they occur at al.

27



XY - ZY processes do not exist in phonology for an apparent reason: thereisno
connection between the target of the process and the phonological environment in which
the process occurs. The“Z” component—while apparently a viable response option in
perception—does not exist in either the target or the trigger of the XY — ZY process and
therefore appears in the output from out of the blue, asit were. While this process would
be predicted never to occur by the mechanics of a phonological paradigm like feature
geometry, it cannot be ruled out by Ohala s theory that sound changes originate from
listeners alone. If listeners alone cannot account for the cross-linguistic propensity of
nasals to undergo place assimilation, then what can? It follows from the failure of
Ohala’ s theory that more than just listeners must play arole in shaping patterns of place
assimilation; constraints on speakers must play a part, aswell. Viewed from an
articulatory perspective, it becomes clear that processes of XY — Y'Y assimilation occur
because they simplify the articulation of heterorganic clusters. XY — ZY processes do
not occur, however, because they lack any similar articulatory motivation. They neither
simplify the articulation of the cluster, nor preserve all of the place information in the

input string.

The need to simplify articulatory tasks seems to provide a reasonable explanation
for the susceptibility of nasalsto place assimilation, aswell. The production of a nasa
stop requires two active, articulatory gestures: the opening of the velo-pharyngeal port
and a stop closure with an articulator somewhere in the oral tract. The production of a
voiced plosive, on the other hand, requires only one of these articul ations—the stop

closure at some point in the oral tract. In aheterorganic cluster, then, the transition from
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consonant to consonant is more complex, articulatorily, if the first consonant is a nasal
instead of aplosive. Inthiscase, the speaker must not only close the vel o-pharyngeal
port, but also change the place of articulation of the stop closure in the oral tract--as well
as coordinate these two gestures so that they take place at the same time. Any effort on
the speaker’s part to simplify the articulatory task, therefore, would reasonably target
heterorganic nasal-plosive clusters before plosive-plosive clusters, since the nasal-plosive
clusters are more difficult to produce. Place assimilation provides one way of
simplifying this articulatory task; it therefore seems sensible, from an articul atory
standpoint alone, to expect that it would target nasals more often plosivesin the

languages of the world.

CONCLUSION

The results of this study do not support the hypothesis that nasals’ cross-linguistic
tendency to undergo place assimilation more often than plosives has perceptual origins.
Listeners can distinguish place in nasals better than in plosives, in an appropriate context
for place assmilation, in both clear and noisy listening conditions. Though the
perceptual advantage of nasals over plosives disappears at speech reception threshold, the
extra murmur cue for place in nasals seems to provide them with added perceptual
salience over burst-less plosivesin the most realistic listening conditions. An analysis of
listeners perceptual mistakes also indicates that “innocent misapprehensions’ alone

cannot account for the tendency of nasals to become targets in place assimilation.
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Instead, articulatorily motivated constraints on consonant cluster combinations seem to

provide a stronger argument for the susceptibility of nasals to place assimilation.

Along with thisre-evaluation of the hypothesis that perception motivates this
particular trend in place assmilation, this study has a broader and perhaps more
important message for the study of the interaction of perception and phonology: it is
important to get the perceptual facts right before assuming that they can account for any
given phonological pattern. While testing hypotheses (such as the one above) about the
presumed “difficulty” of certain articulations remains a challenging endeavor, recent
advances in speech technology have made testing the perception of certain phonological
patterns arelatively straightforward process. It isno longer necessary to base arguments
about perceptual salience on the basis of cue analysis or tests on the perception of
segments in irrelevant environments when it is possible to tackle the perceptual issue
head on, and investigate how listeners perceive the sounds in question, in whichever
context they are undergoing a phonologica change. Without empirical verification of
this sort, any argument attempting to link a phonological pattern with some aspect of

perception remains incompl ete.

Specia thanks go to Keith Johnson, Terah Schamberg, Paul Davis and Andrea Sims for
their help with this project. Thiswork is based on material supported by a National

Science Foundation Graduate Fellowship.
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Appendix 1: Script for adding noiseto .wav files

#/usr/local /bin/perl

#set USE_ESPS COMMON=0ff
$SNR = 6;

print "SNR = $SNR\n";

while(<* .wav>){
$signal = $ ;

@args = ("wav2sd”, "$signal");
system(@args) == 0 or die "system @args failed: $7';

#make needed file names
($first, $ext) = split(/\./,$signal,2);
$sd = sprintf("%s.sd", $first); #sd file
$padded = sprintf("%s.pad”, $first); #silence added
$noise = sprintf("%s.noise” , $first); #scaled noise
$splusn = sprintf("%s_noise.sd", $first); #output

#get basic data about sound file
$ndrec = int ‘hditem -i ndrec $sd';
$record_freq =int ‘hditem -i record_freq $sd';

#how loud isthe signal?
(i1, $i2, $i3, $i4, $i5, $i6, $rms, $i8) =split(’’, ‘stats-n $sd');
print $sd,” ", $rms, " ", $ndrec/$record_freq,"\n";

#make the noise one second longer than the signal
$noise_ndrec = $ndrec + $record freq;

#add silence at the beginning of the signal
$silence = $record_freq/2; #0.5 sec of silence
@argS: ("Za‘oj)w","—i"’ II_I $S'|mcell, Il$wll, Il$pwdwll);
system(@args) == 0 or die "system @args failed: $7';

#how loud should the noise be?
$noise_rms = $rms/(10** ($SNR/20));
print "noise level (in RMS): ", $noise_rms,"\n"; # <- new line

#make the noise sample
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@args = ("testsd","-Tgauss',"-I$noise_rms","-r$record_freq","-p$noise_ndrec”, "-
tSHORT", "$noise"),
system(@args) == 0 or die "system @args failed: $7';

#add the files
@args = ("addsd","-z","$noise","$padded"," $splusn”);
system(@args) == 0 or die "system @args failed: $7';
#convert back to .wav
@args = ("sd2wav", "$splusn”);
system(@args) == 0 or die "system @args failed: $7';

system("rm $sd $padded $noise $splusn”);
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Table 1: Raw Response Totals
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40.74%
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A-prime
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A-prime
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A-prime
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A-prime
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A-prime
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A-prime
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A-prime
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Table 3: Results of post-hoc, two-tailed t-tests

Manner Mean A’ T-Test
Oral 0.716 <.001
Nasal 0.748 -
T-Tests

Place Mean A’rs. Coronal
Labial 0.752 0.049
Coronal 0.738 -
Dorsal 0.706 -
T-Tests

ListCond Mean A’ vs. Plus
CLL 0.850 0.208
PLUS 0.813 -
MINUS 0.610 -
SRT 0.656 -
ListCond*Manner Mean A’
CLL Oral 0.811
Nasal 0.888

Plus Oral 0.791
Nasal 0.835

Minus Oral 0.587
Nasal 0.632

SRT Oral 0.675
Nasal 0.638
Manner*ListCond Mean A’
Oral CLL 0.811
Plus 0.791

Minus 0.587

SRT 0.675

Nasal CLL 0.888
Plus 0.835

Minus 0.632

SRT 0.638
Place*Manner Mean A’
Labial Oral 0.730
Nasal 0.774

Coronal Oral 0.735
Nasal 0.742

Dorsal Oral 0.684
Nasal 0.728

vs. Dorsal
<.001
<.001

vs. Minus
<.001
<.001

T-Tests
<.001

<.001

0.013

0.006

T-Tests
vs. Plus
0.501

T-Tests
<.001

0.355

<.001

vs. SRT
<.001
<.001
0.039

vs. Minus
<.001
<.001

<.001
<.001

vs. SRT
<.001
<.001
0.001

<.001
<.001
0.832



Table 3 (continued)

Manner*Place

Oral Labial
Coronal
Dorsal

Nasal Labial
Coronal
Dorsal

ListCond*Place
CLL Labial
Coronal
Dorsal
Plus Labial
Coronal
Dorsal
Minus Labial
Coronal
Dorsal
SRT Labial
Coronal
Dorsal

Place*ListCond
Labial CLL
Plus
Minus
SRT
Coronal CLL
Plus
Minus
SRT
Dorsal CLL
Plus
Minus
SRT

Mean A'/ss.
0.730
0.735
0.684
0.774
0.742
0.728

Mean A'/ss.
0.877
0.857
0.816
0.824
0.823
0.792
0.634
0.594
0.602
0.675
0.679
0.614

Mean A’
0.877
0.824
0.634
0.675
0.857
0.823
0.594
0.679
0.816
0.792
0.602
0.614

T-Tests
Coronal
0.553

T-Tests
Coronal
0.028

vs. Plus
0.041

vs. Dorsal
<.001
<.001
<.001
0.145

vs. Dorsal
<.001
<.001
<.001
<.001
0.043
0.478
<.001
<.001

vs. Minus
<.001
<.001

<.001
<.001

<.001
<.001

vs. SRT
<.001
<.001
0.087

<.001
<.001
0.001

<.001
<.001
0.615



Table 4: Raw mistake totals for plosive-initial, heterorganic clusters by place and listening condition

CLL XY XX YY YX XZ YZ ZX Y ZZ Total
LC 268 2 26 3 5 3 0 52 1 360
LD 278 3 31 2 4 1 5 34 2 360
CL 253 4 36 5 4 4 2 50 2 360
CD 259 6 29 3 0 4 3 55 1 360
DL 203 1 67 6 3 5 6 66 3 360
DC 184 1 65 3 4 6 0 94 3 360
Total 1445 17 254 22 20 23 16 351 12 2160
PLUS XY XX YY YX XZ YZ ZX Y ZZ Total
LC 194 0 81 2 3 3 0 76 1 360
LD 181 0 86 2 14 2 0 74 1 360
CL 247 12 45 6 11 3 1 34 1 360
CD 252 9 42 5 3 3 2 44 0 360
DL 177 3 55 3 5 6 9 99 3 360
DC 180 0 120 3 3 1 1 52 0 360
Total 1231 24 429 21 39 18 13 379 6 2160
MINUS XY XX YY YX XZ YZ ZX Y ZZ Total
LC 145 8 70 5 12 17 7 83 13 360
LD 45 19 28 21 72 70 23 46 36 360
CL 78 37 44 46 27 22 35 60 11 360
CD 47 66 36 68 31 17 41 34 20 360
DL 79 16 45 18 40 26 27 69 40 360
DC 117 16 85 15 14 9 19 79 6 360
Total 511 162 308 173 196 161 152 371 126 2160
SRT XY XX YY YX XZ YZ ZX Y ZZ Total
LC 169 10 48 15 20 12 4 70 12 360
LD 131 20 58 17 28 26 21 38 21 360
CL 130 21 58 21 31 10 18 44 27 360
CD 154 30 47 19 19 17 18 34 22 360
DL 89 23 72 21 25 22 18 70 20 360
DC 118 12 78 20 12 4 16 93 7 360

Total 791 116 361 113 135 91 95 349 109 2160



Table 5: Raw mistake totals for nasal-initial, heterorganic clusters by place and listening condition

CLL XY XX YY YX Xz YZ ZX Y ZZ Total
LC 310 1 20 1 1 2 3 22 0 360
LD 317 0 16 2 2 2 2 12 7 360
CL 270 4 24 3 4 1 1 53 0 360
CD 271 3 61 7 1 2 1 13 1 360
DL 256 3 37 2 4 3 3 48 4 360
DC 248 2 68 0 2 4 2 33 1 360
Total 1672 13 226 15 14 14 12 181 13 2160
PLUS XY XX YY YX XZ YZ ZX zY ZZ Total
LC 257 0 72 0 0 0 1 30 0 360
LD 233 0 53 1 5 5 0 62 0 359
CL 250 1 49 5 3 1 1 50 0 360
CD 217 10 86 2 0 1 0 44 0 360
DL 214 5 60 3 4 2 3 63 6 360
DC 208 0 94 0 0 0 0 58 0 360
Total 1379 16 414 11 12 9 5 307 6 2159
MINUS XY XX YY YX XZ YZ ZX Y ZZ Total
LC 127 11 81 7 21 9 10 80 14 360
LD 64 17 45 17 69 36 20 55 37 360
CL 96 32 64 27 26 15 23 60 17 360
CD 70 43 55 58 19 22 50 32 11 360
DL 82 23 62 17 48 31 22 35 40 360
DC 123 18 83 18 7 11 20 76 4 360
Total 562 144 390 144 190 124 145 338 123 2160
SRT XY XX YY YX XZ YZ ZX Y ZZ Total
LC 142 7 80 14 16 12 8 70 11 360
LD 121 10 61 15 34 24 20 55 20 360
CL 126 18 54 26 16 19 12 66 23 360
CD 107 24 81 35 14 17 22 40 20 360
DL 99 32 83 12 20 20 13 70 11 360
DC 122 17 76 7 4 5 12 109 8 360

Total 717 108 435 109 104 97 87 410 93 2160
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