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ABSTRACT
Casual speech phenomena can pose striking challenges to our
understanding of speech production, articulatory-to-acoustic
mapping, speech perception, and indeed the nature of abstract
underlying representations and phonological processes.  We
focus here on cases of /D/ which have been assimilated, at least in
part, to a preceding /l/ in utterances like steal those.  Acoustic
analysis shows that the /D/ may become sonorant and lateral, but
that it still retains its dental place of articulation.  Perception data
indicate that when this type of /D/ is heard without the original
source of the sonorant and lateral features, listeners hear /D/ as /l/,
whereas in context they hear it as /D/. Such powerful perceptual
recovery processes suggests that this and other examples of
assimilation Ð examples relevant to the phonetic and
phonological sciences Ð will only be discovered by careful
attention to the acoustic consequences of assimilation.

1. INTRODUCTION
1.1.  Background
The goals of the phonetic and phonological sciences include,
among others, discovering the nature of underlying forms of
phonological units, describing the variety of output forms of
those units, and explaining how it is talkers and listeners move to

and from underlying representations and output forms.  Generally
speaking, it seems that just what ÒcountsÓ as appropriate data
varies quite a bit from one scientist to the next.  However, there
are certainly well-recognized tendencies, with ÒphoneticiansÓ, as
opposed to ÒphonologistsÓ often concentrating on more
microscopic details of the output Ð details that sometimes can
only be  fully described, or even noticed, with the aid of
technology (spectrograms, waveforms, etc).  ÒPhonologistsÓ have
largely restricted their data sets to what can be heard by the ear,
and transcribed by IPA symbols.  Important discoveries have
been made by both types of scientists, but recent developments
(for example in some forms of  Optimality Theory) are exciting
in their promise of especially fruitful investigations by
collaborations of phoneticians and phonologists.

In our own work, we have become particularly intrigued by
patterns of partial assimilation and deletion in casual speech.  As
has been shown (see [2]), such processes can lead to radical
differences between underlying and surface forms.  Especially
interesting to us is the prospect that (1) at least some examples of
casual speech processes might lend themselves to exactly the
types of description and explanation appropriate for such well-
known cases as voicing assimilation for word-final plurals in

                        steal LoewÕs                  Assimilated steal those        Non-Assimilated steal those                see those

Figure 1.  Spectrograms of phrases extracted from HeÕd __________books, from Talker FT1 (female).
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English, and yet (2) some of these very examples from casual
speech are probably not going to be discovered Òby earÓ.  For
example, elsewhere [2] we describe the partial assimilation of
English /D/ to a preceding /n/ in utterances like win those.
Acoustic and perceptual analyses show that the /D/ assimilates to
the nasality of the preceding /n/, but listeners hear it as a /D/.

1.2.  Assimilation of /D/ to preceding /l/
To further study such partial assimilation we have begun a

set of production, acoustic, and perception studies of what
happens when word-initial /D/ is preceded by a word-final /l/ in
English utterances like steal those, as shown in Figure 1.  The
left-most utterance in Figure 1 is steal LoewÕs and the right-most
utterance is see those.  The entire intervocalic [l-l] region of steal
LoewÕs appears to be sonorant, as would be expected.  On the
other hand, the intervocalic [D] region of see those appears to be
non-sonorant.  There is very little energy in the low frequencies,
F2 dies out during the consonant region, and some frication is
noticeable prior to release of the /D/.  In addition, F2 is higher at
release of /D/ in see those than it is at release of the /l/ of steal
LoewÕs.  This F2 difference is expected on the assumption that /D/
is made with a more fronted tongue body than is /l/.  In the first
example of steal those (second utterance from the left), the entire
intervocalic consonant appears to be sonorant, much as it is in
steal LoewÕs.  This is consistent with the  tongue sides still being
in a lateral position when the tongue tip constriction of  the  /D/ of
steal those is formed.  Evidence that the tongue, except for the
sides being down, is still dental for the /D/, comes from the fact
that F2 is a bit higher at the release of this lateralized /D/ than it is
for release of an /l/. The other example of steal those (third
utterance), does not appear to have been lateralized, at least not
enough to become very sonorant.  The remainder of this paper
reports on more detailed investigation of the acoustics and
perception of lateralized /D/.

2. EXPERIMENTS
2.1  Speech Material.
Eight talkers read several sets of short sentences. Set 1 included 9
sentences such as HeÕd steal those books, HeÕd call those books,
HeÕd see those books, etc.  Thus, the 9 sentences varied from
each other with respect to the verb (steal, call, see, hide, loath,
loan, save, stash, fear) which preceded the word those.  Talkers
were instructed to read in a fluent manner, and to put contrastive
stress on the verb.  Talkers read several randomizations of Set 1
sentences, then several randomizations of Set 2 sentences.  Set 2
differed from Set 1 with respect to the word that preceded books;
in Set 1 it had been those; in Set 2 it was LoewÕs.  Thus Set 2
included HeÕd steal LoewÕs books, HeÕd call LoewÕs books, etc.
Talkers were graduate students in speech-language pathology.

We inspected several tokens of various utterances from each
talker by displaying relevant spectrograms and listening to
various portions of the utterances.  Since we were primarily
interested in the perception, acoustics, and articulation of
contextually-lateralized /D/, we focused our attention on 4 talkers
(FT1, FT2, FT3, and MT1) who appeared to  produce at least
some /D/ tokens which were lateralized.  From these 4 talkers we

selected a total of 60 sentences and stored them in separate
computer files.  Table 1 shows the number of tokens of each type
of utterance.  Most of the call those and steal those tokens were
selected because the /D/ seemed to be at least somewhat
lateralized, but we also deliberately included a few tokens which
did not appear to be very lateralized.  It was not possible to
include a representative token from each talker for every type of
utterance, but each talker did contribute at least some /l/-those
and /l/-LoewÕs utterances.

Type N = Type N=
call those 9 call LoewÕs 6
steal those 12 steal LoewÕs 6
hide those 5 hide LoewÕs 4
loath those 5 loath LoewÕs 2
see those 4 see LoewÕs 7
Total 35 25
Table 1.  Numbers of specific types of utterances used

2.2 Perception Study
2.2.1. Method.  Our primary goal in the Perception study was to
find out how listeners heard tokens of lateralized those (HeÕd call
those books and HeÕd steal those books) under two listening
conditions.  Condition 1 would be when listeners heard those
extracted from its original preceding context; Condition 2 would
be when listeners heard those in its original, full context.  Two
test tapes were constructed.  Test 1 consisted of truncated
versions of each of the 60 utterances.  Truncated versions were
created by using a waveform editor in conjunction with on-screen
spectrograms and power spectra.  First, the release of the /D/ for
the those items and the /l/ for the LoewÕs items was identified.
From the release times, a start cursor was set 25 ms prior to
release, and an end cursor was set at the end of the /s/ in books.
The portion of the utterance between the start and end cursors
was extracted and saved as a new separate computer file.  The
extraction process included a gradual amplitude tapering on and
off of the first and last 5 ms of the  files, to reduce artificially
induced transients.  These extracted utterances are referred to as
Òout-of-contextÓ.  Test Tape 1 consisted of two randomizations of
the 60 out-of-context utterances, recorded in blocks of 10.  The
interstimulus interval (ISI) was 4 seconds, and the  interblock
interval (IBI) was 8 seconds.  A longer pause occurred between
the two randomizations. Test Tape 2 consisted of two
randomizations of the 60 full (Òin-contextÓ) utterances.

Ten1 speech-language pathology students served as listeners.
Listeners heard Test Tape 1 first.  They were given written
instructions that they would hear short phrases.  For each phrase,
they were asked to judge whether the talker said those books or
LoewÕs books, and indicate their judgements by circling one of
four choices [Th  Th  L  L] on an answer sheet.  The capitalized
choices indicated more confidence in their answer, the small-
letter answers less confidence. (For the purposes of this paper, we
are collapsing [T h  and Th] responses together into those
responses and [L  and L] responses together into LoewÕs
responses.)   Listeners were given a short practice set to
familiarize them with the task and pacing of the utterances, and
then they proceeded to respond to the items on Test 1.  After
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completing Test Tape 1, they were given a brief break, and then
they responded to utterances on Test Tape 2.  For Test Tape 2,
they were given written instructions indicating what the possible
sentences were, and again asked to monitor for the phrases those
books and LoewÕs books.

2.2.2.  Results of Perception Study.  Our primary interest is in
how listeners heard the target those in the utterances call those
and steal those, and the relevant data are discussed here.  First,
however, we briefly consider the responses to the other stimuli.
As expected, listeners generally heard LoewÕs as beginning with
an /l/, both when they listened to out-of-context and in-context
versions of LoewÕs.  Overall, LoewÕs was heard as LoewÕs 94.8%
of the time it was presented. Of the small number of perceptions
of  LoewÕs as those, the majority (30/52) came from 3 tokens of
see LoewÕs, all spoken by the same talker (MT1). Similarly,
tokens of  those that had NOT been preceded by call or steal
were almost always (98.9%) heard as those, with no apparent
effect of being heard in- or out-of-context.

We now turn to the results for the call those and steal those
utterances.  When listeners heard the out-of-context versions of
these items, they rarely (17.6%) reported hearing those, but
instead heard LoewÕs.  However, when the same utterances were
heard in-context, listeners reported hearing those most of the time
(94.5%).  Every listener showed this pattern, as indicated in
Figure 2, which shows data for each listener for the two listening
conditions, collapsed across tokens.

Furthermore, almost every token of those was more likely to
be heard as LoewÕs out-of-context, and as those in-context.  This
pattern can be seen in Figure 3, which shows data from every
token in both listening conditions, collapsed across listeners.
Note, however, that there were some token effects.  For example,
the those from one of the tokens of steal those, spoken by FS1
and listed as Steal 7 in Figure 3, was heard as those 55% of the
time in the out-of-context condition.  Some of these token effects
were not surprising, as we had deliberately included a few tokens
of for which we thought the /D/ was not very lateralized.  In fact,
Steal 7, is the Ônon-assimilatedÕ token shown in Figure 1.

2.2.3. Discussion of Perception Results.  These perception
results confirm our own impression about cases of /D/ which
partially assimilate to  a preceding word-final /l/.  Out of context,
it is often heard as /l/, presumably because it has acquired at least
some production and acoustic characteristics of a true /l/.  The
fact that these assimilated, ÒlateralizedÓ /D/s can be heard as  /D/
when they are presented in context suggests they have retained at
least some of the production and perception qualities of  a true
/D/. In the next section, we discuss two acoustic measures which
suggest that indeed many of the  /D /s in this study were
assimilated to a preceding /l/, but that the assimilation was only
partial.  In Section 3, we further address the issue of the dual
perception of  partially assimilated  /D/s.
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Figure 2.  Individual listener data from call  those 
and  steal those  utterances, indicating perception
of those  in-context (black bars) and out-of-context
(grey bars).
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Figure 3.  Individual token data for those  heard
in-context (black bars) and out-of-context (grey bars).

2.3. Acoustic Study
2.3.1.  Sonority Measures and Results. One indication of the
degree of sonority in a consonantal constriction is the amplitude
in the low frequencies, with a larger amplitude indicating greater
sonority [1, 3].  To account for variations in speaking amplitude,
this parameter must be compared to some indicator of amplitude
elsewhere in the utterance, generally a neighboring vowel.  We
measured the amplitude of the F1 prominence just before release
of the each those and each LoewÕs.   To obtain pre-release
measures, we obtained a power spectrum with a short (6.5-ms)
window centered 15 ms prior to release.  We then obtained 14
additional power spectra, moving in 1 ms increments towards
release.  These spectra were then averaged, and F1 amplitude in
dB was measured from a display of the average spectra.  The F1
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vowel amplitudes were obtained in the same manner, but with the
first spectra centered 20 ms after release and calculated every ms
for 20 ms.  We then subtracted the pre-release amplitude value
from the vowel amplitude measure.  The resulting Òdifference-
dBÓ value was expected to be large for non-sonorous consonants,
as they have weak amplitude prior to release, but small for
sonorant consonants, as they have relative large amplitudes in the
low frequency regions, prior to release.

The difference-dB values are shown in Figure 4 for those
and LoewÕs, as a function of whether or not they were preceded
by a word-final /l/. As expected, the difference-dB values were
quite low (avg. = 6.4 dB) for LoewÕs, regardless of the preceding
consonant type.  In contrast, the average difference-dB value for
those , when it was preceded by see, hide, and loath  was
considerable higher (23.7 dB).  However, when those was
preceded by a word-final /l/, the difference dB value was on
average much lower (11 dB), closer to the  value obtained for
LoewÕs.   [Due to space limitations here, variability within tokens
of LoewÕs and within tokens of those, and correlation with
perception, will be more fully discussed at the  Conference, and
in future written versions of this work.]
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Figure 4.  Relative sonority near release of initial
consonant of Loew's and those.

2.3.2. F2 measures and results.  We expected that if underlying
/D/ retains something of its dental articulation, the tongue body
would be in a higher, more front position at the release of those,
even if was lateralized/sonorized, than it would be  in LoewÕs.  If
this were true, we might find that articulatory pattern reflected in
F2 frequency at the release of the consonants.  F2 frequency was
measured by performing a DFT on a short (6.5) ms window
centered at the release of each those and LoewÕs.

Figure 5 displays F2 values for those and LoewÕs, shown
separately for targets preceded by word-final /l/ as opposed to
when they were preceded by other segments.  Within each of the
groupings, the F2 value at the release of those is higher than it is
for LoewÕs.    As might be expected if /D/ of those coarticulates
with a preceding /l/, the difference between F2 for those vs.
LoewÕs is smaller just in case those words were preceded by /l/.

3.  DISCUSSION AND CONCLUSION
The results of the acoustic analyses on selected tokens of /D/

preceded by word-final /l/ show that in this environment /D/ can

take on the sonorant (and presumably, lateral) characteristics of
the preceding /l/.  In such cases,  /D/ retains at least some aspects

800

1000

1200

1400

1600

1800

F2
 in

 H
z

Loew's those
Target

Preceding Consonant is NOT /l/

Preceding Consonant is /l/

Figure 5.  F2 at the release of Loew's  and  those.

of its normal production, and is apparently produced with a more
fronted tongue body than is a true /l/. ÒCoproductionÓ models of
speech would suggest that while the talkerÕs articulators are
producing the /D/, other articulators (or portions of articulators)
are still in positions used for the preceding /l/.  The perception
results show that listeners can appropriately disentangle these
context effects, as long as they have the context to work with.
They treat lateralized/sonorized /D/ as if it had not lost some of its
canonical properties (e.g., obstruency).  However, if the context
is artificially removed, listeners canÕt ÒblameÓ the presence of a
lateral tongue body on a neighboring segment, and therefore
assume it is ÒpartÓ of the /D/ itself.  Faced with such an illegal (in
English) segment, they appear to resolve it in favor of the /l/.

Precisely because listeners seem to recover underlying /D/ in
normal in-context listening conditions, it seems unlikely that its
assimilation to a preceding /l/ would be noticed by most listeners,
even those with good training in auditory phonetics.  If this is
true, and if it is true that we want to be able to describe and
model the full range of essentially feature-changing assimilation,
then we need to look to the acoustic signal to discover some of
the  relevant data.
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NOTES
1. An 11th listenerÕs data are not included.  While her performance on the
those items was the same as the other listeners, her LoewÕs data were very
odd.
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