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Against a Ternary Analysis of Syllable
Strength: Positional Variation in the
Vowel Inventory of Knglish

Joseph Lorber
9 April 2024

Abstract:

All of the vowels in Standard American English (SAE) are distinguishable from
each other in stressed syllables, and it is generally accepted that none of them are
contrastive in unstressed syllables. However, unstressed word-final syllables (or ultimas)
without a coda consonant are able to host more vowel contrasts than unstressed syllables,
evidenced by the minimal pair ['wmndi] ‘windy’ and ['wimdouv] ‘window,’ but not as many
contrasts as stressed syllables. Therefore, the standard analysis of syllable strength in
SAE is a ternary one, where stressed syllables are Strong, unstressed non-final syllables
are Weak, and unstressed open ultimas are Intermediate.

This work posits a binary analysis of syllable strength instead, arguing that
word-final syllables can host as many vowels as stressed syllables can. The Intermediate
strength level of the stressless open ultima is abandoned here; “Strong” syllables are
tonics and ultimas, and “Weak” syllables are any other. The absence of lax vowels in word
final position is motivated from a distributional and historical account, and tested
experimentally. The reanalysis of vowel contrast hosting is consistent with several
accepted facts about the phonology of English. The main contribution of this work is to
unify these facts for a better explanation of the absence of lax vowels in word-final
position.

1. Introduction

1.1 English Vowel Inventories: The Standard Story

Different syllable types and stress environments can host different types of vowel
contrasts. In other languages, this is typically analyzed as a binary phenomenon, where
“Strong” syllables host every different vocalic contrast, and “Weak” syllables do not host



as many. In Standard American English, stressed syllables are indeed “Strong” and can
host any of the possible full vowels," which are listed are below in (1) and the chart in
Figure 1.

(1) Stressed (Strong) Monophthong Inventory

a. [i] [bit] ‘beat’
b. [1] [bit]  ‘bit’
c. [er]® [bert] ‘bait’
d. [e] [bet] ‘bet’
e. [@] [baet] ‘bat’
f. [a] [badi] ‘body’
g. [o] [badi] ‘bawdy’

h. [a] [bat] ‘butt’
i. [oo]® [boout] ‘boat’
j- [u] [but] ‘boot’
k. [v] [put] ‘put’
L. [3] [b3t] ‘Bert’
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Figure 1- Standard American English monophthongs, as presented in Wells (1982). The phonemes [3-] and
[a] were not included in the analysis.?

! Both primary and secondary stressed syllables are referred to as “stressed” throughout.

® Despite being phonetically diphthongal in English, Hammond (1999) notes that these vowels pattern with
the phonological grouping of monophthongs.

? [3] stems exclusively from older vowel-rhotic sequences, and [a] is not contrastive with the unstressed
central vowel [o] in SAE.



Unstressed syllables are “weak” and can only have one vowel, the exact quality of which is
debated to resemble [i] or [o] (see Flemming and Johnson 2007). Crucially, though, there
is no actual vowel contrast in unstressed non-final syllables, and so for the sake of
simplicity, [9] will be used in this account to represent the unstressed vowel. Examples are
below in (2):

(2) Unstressed (Weak) Vowel Inventory
a. [apala'dserak] ‘apologetic’
b. [axra'fifal] ‘artificial’
c. [o'teek] ‘attack’

SAE also has a somewhat enigmatic third type of syllable: the unstressed codaless ultima.
One would anticipate that this type of syllable, like any other stressless syllable in English,
could only have [a]. Instead, the vowel inventory of this type of syllable is larger than
expected, given by Hammond (1999) to be the four vowels shown in (3).

(3) Hammond (1999) Word-Final Stressless Open (Intermediate) Vowel Inventory

a. [i]  ['hepi] ‘happy’

b. [u] [ 'mildu] ‘mildew’
c. [oo] ['wmdou] 'window'
d. [o] ['soufa] 'sofa’

This is obviously more than just [9] in a weak syllable, but is also not the full set of ten
vowels that are allowed in a strong syllable. Hammond (1997, 1999) concludes that
word-finally, there is a third vowel inventory, which I refer to as “Intermediate.” The
possibility of a word-final intermediate-sized inventory is presumed to be connected to the
tendency of word-final syllables to be a somewhat strong position.

1.2 Intermediate Strength and Final Lengthening

An Intermediate inventory like the one given in (3) above coincides with the
crosslinguistic tendency noted by Barnes (2002) that open stressless ultimas can often
resist reducing their vowel inventories as much as other stressless syllables do. He lists
Central Eastern Catalan (Recasens 1981), dialects of Ukrainian (Shevelov 1979), and
other such cases. This strength in final position is generally accepted as resulting from
final lengthening (Steriade 1994, Barnes 2002).

Final lengthening is a process by which the rhyme of a syllable at the end of a
larger phonological grouping is produced with more duration than would be typical for the



same syllable in a non-final position. This is speculated by Johnson and Martin (2001) to
be a property of motor performance generally, whereby a series of physical movements
(insect chirps, musical performance, ete) typically exhibit an increase in the duration of a
unit at the end of the series. Based on this and other evidence, phrase-final lengthening is
thought to be a cross-linguistic phonetic phenomenon; experiments have reported it as
present in Japanese (Ueyama 1999), Hausa (Newman and Van Heuven 1981), Jordanian
Arabic (de Jong and Zawaydeh 1999), Italian (Farnetani and Kori 1990), and various
others (see Barnes 2002). Hogoboom has reported finding final lengthening at the
word-level in Norwegian and English (Lunden 2013, 2017).

Hogoboom and Lorber (2023) argued that the lengthening of word-final vowels is
the phonetic motivator for a variety of strengthening and weakening phenomena at the
right edge of a word, where the additional phonetic duration can interact with
phonological length. Specifically, if a phonemic contrast can benefit from additional
duration by having more time to be fully articulated, then the contrast will not be
neutralized in final position (a “strengthening” effect). In some cases, a contrast may even
be more likely to occur in final position. For example, Yip (1989) notes that contour tones
are preferred at the right edge of the word, and Hogoboom and Lorber posit that this is
because of the additional duration found in a finally-lengthened syllable. Separately, if a
phonemic contrast depends on duration as an acoustic cue, that contrast is more likely to
be neutralized in final position (a “weakening” effect). For example, vowel- and
consonant-length distinctions are less common word-finally because final lengthening
causes the duration of a final syllable’s rhyme to be more variable, and therefore more
difficult for a listener to apply a durational category (such as phonemic length) to
(Hogoboom and Lorber, in prep).

Based on evidence below, the altered word-final vowel inventory of English seems
to be a result of word-final lengthening. Barnes (2002) and others have argued that final
syllables are intermediately strong in terms of hosting vowel contrasts, but I argue here
that ultimas are in fact as strong as stressed syllables in this regard, due to the additional
duration present. Looking more closely at which vowels can occur in different syllables
will shed light on the status of their vowel contrasting strength.

1.3 Reexamining the English V# Unstressed Inventory

At first glance, the word-final unstressed vowel inventory {[i], [u], [00], [0]}
appears to be an unnatural class. Why it is specifically these four phonemes that occur in
word-final position is left unexplained. Upon closer examination, though, more vocalic
phonemes than these four can be found to occur in the in word-final unstressed position
(pace Hammond 1999):



(4) Additional Tense Vowels Found without Stress in Word-Final Position

[e1]
['eser] 'essay’
['pailer] ‘parley’
['1iler] ‘relay’
[o]

['bala] 'bylaw'
['skim/p] ‘scrimshaw’
['siso] ‘seesaw’

It can now be seen that every tense (or [+ATR])* vowel phoneme in English besides [a]
occurs in stressless, open, word-final position,” and also that [s] seems to occur in its
stead. Hogoboom (Lunden 2016, 2017) found that word-final schwas are articulated on a
continuum between [9] and [a], as shown in Figure 2, from Lunden (2016).
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Figure 2- Realizations of /a/, averaged by Subject and Position.
The realizations of the word-final low vowel range from [9] in the upper end to [a] in the lower-right.

This finding suggests that final [o] may actually be a word-final allophone of /a/ and is, in
fact, sometimes notably [a]-like in its pronunciation. Taking [a]~[a] to be the sixth
monophthong in this word-final category maintains the integrity of the natural class of

* Notably, [a] and [o] are phonetically lax vowels, but are taken to be phonologically tense as they pattern
with the tense vowel set (see Hammond 1999)

® The diphthongs [a] as in ['keektai] 'cacti,’ [o1] as in ['kanvor] ‘convoy,” and [a0] as in [kavtav] kowtow'
also occur in this position.



phonologically tense vowels, and informs the decision to transcribe that phoneme as [a]
(shorthand for /a/, or [a]~[e]) going forward. This assumes the absence of the
COT-CAUGHT merger of [0]—[a]. I assume that speakers with this merger have [a] in
this environment as a separate phoneme (e.g. ['baila] ‘bylaw’) from the reduced [a~a]
(e.g. ['koura~'kouvra] ‘coda’). The subsequent theoretical analysis uses the unmerged tense
vowel set.

At this point, the number of levels of syllable strength in SAE still appears to be
three: Strong (stressed), Intermediate (unstressed open final), and Weak (unstressed
nonfinal). Now, though, instead of a completely unnatural class of vowels in the
Intermediate category, there is the perfectly natural class of phonologically tense vowels:
[i], [e1], [a], [], [00], and [u]. I now turn to a description of the distribution of both tense
and lax vowels in SAE, and show that their overall distribution supports collapsing these
three inventories to two.

2. Distributional Evidence

While tense vowels have a large number of licit environments, I will show that lax
vowels are much more constrained. Tense vowels can occur in the following environments:

(5) Tense Vowel Distribution®

a. Stressed open syllable: ‘oupn] ‘open’ bo'lou] ‘below’

)

p1o'vouk] ‘provoke

‘heepi] ‘happy’
‘er.lion] ‘alien’

Stressed closed word-final syllable: spid] ‘speed’

[ [
b [ [
c. Unstressed open word-final syllable: [ ['vuru] ‘voodoo’
d. Unstressed hiatus-initial syllable:” [ ['mcﬁgas] ‘arduous’
Lax vowels can occur in the following environments:

(6) Lax Vowel Distribution
a. Stressed closed syllables: ['kep.tn] ‘captain’  ['wimn.di] ‘windy’
b. Stressed “open” syllables: [‘hee.pi] ‘happy’ ['le.man] ‘lemon’
c. Unstressed closed word-final syllables:  ['merni.gek] ‘maniac’ ['ta.nik] ‘tonic’

The distribution in (6) appears to show that lax vowels can occur in open or closed
syllables, as long as the open syllable bears stress. However, Giegerich (1992) asserts
that they do not occur in open syllables, and I take this position as well. The syllables

® The tense vowel distribution is a somewhat simplified version of Hammond’s (1999) account. Specifically,
tense vowels can also occur in word-medial closed syllables if the coda is coronal, as in ['plem.tif] ‘plaintiff.’
" These are restricted to the [-low] subset of the tense vowels (Hammond 1999).



containing the lax vowels in (6b) are, in fact, also closed due to ambisyllabicity, the
phenomenon by which a consonant is shared between neighboring syllables.

Briefly, ambisyllabic consonants are theorized to belong to both the coda of the
syllable to their left and the onset of the syllable to their right. Psychological evidence for
this syllable sharing comes in part from an experiment conducted by Treiman and Danis
(1988). In it, participants were asked to reverse the order of syllables in a word, such as
lemon, which could have the possible responses monle, onlem, or monlem. The third type
of response demonstrates an ambisyllabic treatment of the [m] phoneme. This
syllable-sharing effect was more likely to be found on consonants that follow a lax,
stressed vowel. In a similar experiment, Elzinga et al. (2015) also found that
ambisyllabicity is more likely to occur directly after a lax vowel. This syllable-sharing
effect is reflected in the phonetic properties of ambisyllabic consonants as well;
ambisyllabic consonants share properties with both onsets and codas. Durvasula et al.
(2013) found that nasal consonants in ambisyllabic position cause the same amount of
nasalization of a preceding vowel as a nasal in coda position does, unlike a subsequent
nasal onset. However, Rosalsky (2007) found that the duration of ambisyllabic consonants
is not different from onsets, and do not meet the minimum duration to be a full coda.
Therefore, from both psychological and phonetic perspectives, ambisyllabic consonants
seem to have the characteristics of both onsets and codas.

Because ambisyllabic consonants so strongly correlate with the presence of lax
vowels, I argue that lax vowels, in fact, require a closed syllable. Below is a review of
which vowels can occur in open syllables:

(7) Vowels in Open Syllables

a. Nonfinal, stressed: Tense only? ['0v.pn] ‘open’, *['le.mon] ‘lemon’

b. Nonfinal, unstressed: [0] only [9'teek] ‘attack’, [ar.ra.'fifol] ‘artificial’
c. Final, stressed: Tense only  [be'lov] ‘below’, [do'spler] ‘display’

d. Final, unstressed: Tense only [ 'heepi] ‘happy’, [ vu.ru] ‘voodoo’

Here, it can be seen that the only time a lax vowel could have occurred is in a syllable that
would be closed due to ambisyllabicity. The asterisk indicates that the ‘lemon’ entry in
(7a) is an ungrammatical syllabification. Based on the evidence from ambisyllabicity, I
concur with Giegerich’s (1992) position that unreduced lax vowels only occur in closed
syllables. This would explain why English speakers often have the intuition that a single
consonant following a lax vowel is a coda rather than the less-marked option of behaving
as an onset, as seen in the studies mentioned above. It would also explain why a lax vowel
can never occur as the first vowel in hiatus (see (5d)). Hammond (1997, 1999) comes to a
similar conclusion, but with a different approach. His Optimality Theory account requires



that stressed lax vowels have a coda consonant and thus views the phenomenon as a
stress-based requirement, where stressed syllables must be heavier than a lax vowel
without a coda. I am instead applying Giegerich’s (1992) more broad analysis to this
position specifically: since lax vowels cannot occur in any open syllables, they cannot occur
in absolute word-final position, either. Given this hypothesis, the the distribution of lax
vowels in SAE is updated from the set in (6) to that in (8):

(8) Lax Vowel Distribution (revised)
a. Stressed closed syllables: ['keep.tn] ‘captain’ ['wimn.di] ‘windy’
['hee,p,i] ‘happy’ ['le,m,on] ‘lemon’
b. Unstressed closed word-final syllables:  ['merni.aek] ‘maniac’ ['pul.pit] ‘pulpit’

If lax vowels only occur in closed syllables, the answer to the question of why lax vowels
are absent in word-final open syllables falls out. They do not occur in this position because
a word-final vowel by definition requires that the syllable containing the vowel be open,
and lax vowels are limited to closed syllables. From here, the ternary analysis of SAE
syllable strength can now be simplified to a binary one.

Strong syllables are now defined as those with sufficient duration to host all of the
vowel contrasts present in SAE. This duration is found both in stressed syllables and
unstressed ultimas.® Weak syllables have less duration than strong syllables, and include
unstressed word-medial syllables. Strong syllables can host any vowel that is otherwise
phonologically licit, and Weak syllables can only host [a].

The distributional evidence has allowed a clear pattern to be identified: lax vowels
are disallowed in open syllables. However, a motivation for this pattern has yet to be
determined. A review of the historical developments of English vowels will provide further
insight.

3. Historical Kvidence- Vowel Developments

The view that lax vowels are phonotactically restricted to closed syllables, while
not widely adopted explicitly, is completely consistent with the known facts of vowel
development throughout the history of the English language.

The tense/lax distinction of modern English used to be primarily a vowel quantity
distinction, rather than one of quality. In the Old English period, it was the case that
length was one of the main phonemic contrasts in the vowel inventory, and [ATR] value

§ This assumes that lax vowels in closed ultimas are completely stressless, a finding supported by Griffin (in
prep).



may or may not have alternated alongside it (Fennell 2001, Minkova 2013). What is of
particular interest is when and why short/lax vowels stopped occurring in open syllables,
if they ever did in the first place.

Short vowels in non-final position will be considered first. These short vowels could
only occur in stressed syllables, because unstressed syllables neutralized quantity and
quality distinctions to [9] throughout the Old English period— roughly 55 B.C.E to 1066
C.E. (Minkova 2013). These short vowels could occur in open stressed syllables at one
point, but underwent different types of lengthening described by Fennell (2001) and
others. One example is the compensatory lengthening from dropped final schwas that
resulted in the English “silent e” being a diacritic for a long vowel in the preceding syllable
(e.g. OE ['namoe] — SAE [nemm] ‘name’). By Early Modern English (roughly after 1509
C.E.) open stressed syllables consisted only of long vowels and diphthongs. Short vowels
could still occur in stressed closed syllables, but some of these syllables were closed by the
first segment of a geminate consonant. Britton (2012) notes that geminates lost their
contrastive duration by the Middle English (ME) period (after 1066 C.E.). This is
traditionally analyzed as causing geminate-closed syllables to become open, where the
newly-shortened singleton consonant is syllabified as the onset of the following syllable.
However, given the evidence above, an alternative proposal seems more appropriate.
Rather than becoming completely open, I propose that, after degemination, syllables
closed by a former geminate remained closed by a newly ambisyllabic singleton. In
essence, it is consistent with the available evidence to posit that ME degemination is a
historical source of ambisyllabic effects in English, and therefore contributes to the
preservation of the closed status of syllables containing lax vowels.

Moving now to final vowels, Minkova’s note that unstressed syllables only contained
[8] throughout the Old English period remains pertinent. All word final unstressed vowels
were [0]? by the Middle English period, so short/lax vowels were never distinct in final
position to begin with. Additionally, all instances of [8] were apocopated by the start of
Early Modern English (Minkova 2013). At the same time, though, new word-final
unstressed vowels were developing from older VC# sequences, but these never had the
option of surfacing as short/lax vowels. They arose from a process of vocalizing coda [j],
[w], and [y] to join the nucleus of the syllables they were in. This is proposed as vocalic
assimilation rather than apocope because these formerly consonantal segments contributed
their coda duration to the nucleus, rather than completely deleting. The formerly
consonantal segment contributing its duration to the nucleus inevitably results in only long
vowels arising in this way— additional duration causes these vowels to belong to the
phonemic category of “long.”

? “With the exception of [-i] in the affix <-y> (> O -ig)...” (Minkova 2013). This vowel in this position
appears to have persisted unchanged since the Middle English period.
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It can be seen from the above that lax vowels have a set of historical reasons for
being absent from open syllables. Outside of word-final position, they either lengthened to
stay open in certain stressed syllables, or resisted becoming open from degemination via
ambisyllabicity. Word-final laxes were never able to occur because of various constraints
on the vowel length contrast, and because any subsequently arising word-final vowels were
necessarily long.

Now that a diachronic motivation has been identified for the absence of lax vowels
in word-final position, a synchronic motivation would lend further support to the
argument. In this case, I turn to the potential phonetic motivation of word-final
lengthening and any effect it may have on the perception of vowel contrasts.

4. Perceptual Evidence- Listening Study

4.1 Testing the Effect of Duration on Perceptibility

In order to test the possibility that the incidental additional duration from
word-final lengthening affects how perceivable certain vowel contrasts may be, I designed
a listening study to compare perceptibility of different vowel qualities under different
stress environments. Specifically, the study is concerned with the relative perceptibility of
vowel qualities in stressed syllables (predicted to be Strong, i.e. robust), in non-final
unstressed syllables (predicted to be Weak, i.e. compromised), and in final syllables
(predicted to be Intermediate, i.e. less compromised, not fully robust). This last category
crucially includes the additional duration of final lengthening, but not the other additional
strengths of a stressed syllable (e.g. increased intensity and pitch). If there are three levels
of strength, the perceptual behavior of each of these syllable types will differ. Specifically,
lax vowels must be harder to distinguish in final position than in the stressed syllable for
this to be true, which would then provide perceptual evidence for the absence of lax vowels
in open ultimas. However, if there are only two levels of strength, final unstressed ultimas
should pattern more closely with stressed syllables than unstressed ones, which would
show that the perception of lax vowels is indeed boosted by additional, non-phonological
duration.

11



4.2 Study Methods

4.2.1 Participants

Participants in the listening study were all undergraduate students from William &
Mary, and were compensated with participant pool research credit. Prior to the study,
participants were given a consent form and a brief survey, which were used to collect
demographic information about age (between 18 and 21 years old), gender identity
(F=54, M=8), and hearing ability (all reported having non-disabled hearing).

4.2.2 Stimuli

4.2.2.1 Design

Stimuli were 4-syllable nonce words of the shape: CVCVCVCVC. By using nonce
words, every vowel in English could be tested in each type of stress environment,
regardless of their actual distribution in real words. The syllables were: stressless initial,
primary-stressed peninitial, stressless but artificially lengthened penult, and
secondary-stressed ultima. The penult was artificially lengthened in order to mimic the
incidental additional duration of word-final lengthening without the other factors of
word-finality. This was in order to test the effect that non-phonologically meaningful
duration has outside of the environment in which it usually occurs. The ultima carried
secondary stress in order to contribute to the well-formedness of the rhythm of the word,
and was not included in the later analysis.

The consonants of the nonce words were selected in order to avoid interference
with the perceived duration of any of the vowels. Only obstruent consonants were used, in
order to maximize their discriminability from the vocalic phonemes, both perceptually and
in a spectrogram. The initial consonant was [b], selected for its lack of aspiration, given
that additional voice-onset time could possibly affect perception of vowel duration. The
next three consonants (all medial) were [f], [s], and [tf], continuants chosen in order to
avoid the subphonemic alternation caused by English voiced plosives that can have a
lengthening effect on a preceding vowel (Raphael 1972). The last consonant was [f],
chosen primarily because it was another non-plosive that would be appropriately distinct
from the surrounding phonemes.

The vowels were taken from the full vocalic inventory of Standard American
English, with three exceptions. The first is the exclusion of [3], as it is the only rhotic
monophthong in the inventory and is therefore expected to not be at all confusable with
any other vowels. The second is that, because [o] and [a] are significantly merged across
SAE, I omitted [o] from the dataset, in order to avoid a confound with this merger.

12



Finally, because the main difference between [a] and [o] is taken to be one of stress, the
former was also excluded from the dataset. The non-test vowels were all [9], and the test
vowels could be any of the following: [a], [i], [1], [e1], [¢], [#], [a], [0v], [u], or [0]. The
exact pronunciation of the [e1] and [ou] phonemes were more monophthongal, so that the
formants were steadier and less prone to undue distortion upon manipulation of duration.
Figure 3 is a spectrogram of one of the stimuli:

26 ‘

Figure 3- Stimulus 0100: [bo.'fi.so". tfof].

4.2.2.2 Generation

I elected to systematically record the stimuli myself, instead of synthesizing the
stimuli with one of the typical pieces of software used for this purpose. This was in order
to preserve as much naturalness as possible. Then I regularized the pitch and intensity
contours of each word using Praat (Boersma & Weenik 2024) and the Praat Vocalic
Toolkit (Corretge 2023). I have had roughly eight years of vocal training (both speech and
singing) that allows me to be distinctly aware of my mouth shape and exact articulation of
speech sounds, such that each sound was appropriately comparable to other tokens of the
same phoneme, while also yielding a more naturalistic production than speech synthesis
can typically achieve. Instead of recording each of the hundreds of four-syllable nonce
words individually, I produced many fewer two-syllable nonce words, regularized their
durations, and concatenated them in the appropriate orders. The durations for each vowel
were based on natural production, in line with those found by Lunden (2016). For
example, in order to have a test vowel of [i] in the stressed peninitial syllable, I recorded
the nonce words [be.'[i], ['fi.se], and [se. tfof], and then edited them together to yield the
stimulus [be."fi.se. tfof]. This was also done to remove the possibility of any decrease in
verisimilitude due to unnatural coarticulation cues.'” After concatenation, I regularized the

% The nature of continuous (natural) articulation necessitates a certain amount of transitional adjustment
between phonemes. For example, the /s/ in [si] would sound slightly different from the /s/ in [sa], and
putting /s/ clipped from [si] next to [a] could present enough of a perceptual mismatch to distract a listener.
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pitch and intensity contours of each stimulus in order to have more uniform-sounding
pronunciations. The exact pitch and duration details are below in (9):

(9) Stimuli Syllable Durations and Pitches
Position 1 (unstressed): 60-80ms, ~260Hz,
Position 2 (stressed): 115-130ms, ~600Hz
Position 3 (artificially lengthened): 150-200ms, 50-120Hz
Position 4 (secondary stressed ultima, not analyzed): 100-120ms, <50Hz

The first and second formants of each of the vowels in each of the relevant positions as
articulated for the stimuli is shown in Figure 4.

-200 (OF)

-400

d
-500 @ o . @ e

F1 Hz (inverse)

-600 . .3

-700

-800 . °

-900
-2400 ~-2200 ~-2000 -1800 -1600 -1400 -1200 -1000

F2 Hz (inverse)

Figure 4- Chart of Stimuli Vowels. Recall that [A] was not transcribed as distinct from schwa, but could be
argued to occur in stressed position.

The ultima was excluded from the data analysis because the final position was not the
target, and would have presented confounds due to the presence of a coda consonant and
secondary stress, both of which stand a chance of affecting the perception of duration in
unexpected ways.

4.2.2.3 Pairings for Perception Study

In order to avoid having 90 different stimulus pairs in 4 different syllable positions,
I elected to only pair stimuli with vowels that differed by only one relevant feature. A pair
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was formed if they shared values for three of the following four phonological features:
[high], [low], [back], and [ATR]. Each phonetically lax vowel was also paired with [a] due
to the relatively small Euclidean distance between them. For instance, I paired [i] with [e],
because they are both [-back], [-low], and [+ATR], but differ with respect to [high].
Another pairing example is [i] with [1], which are both [-back], [-low], and [+high], but
differ with respect to [ATR]. Each of these vowel pairs were tested in each of the four
syllables (e.g. [bo.'fi.so. tfof] and [bo.' fe.sa. tfof], [bi. fo.s0. tfof] and [be. [o.s0. tfof]). The
following is a list of each of the pairings, split by contrastive feature:

(10) Vowel Pairings
Height Pairs

o [i] and [e]
o [1] and [¢g]
o [e] and [e]
o [o] and [a]
o [u] and [o]
Backness Pairs:
o [i] and [u]
o [1] and [v]

o [e] and [o]

o [a] and [e]!
Laxness Pairs:

o [i] and [1]

o [u] and [u]

o [e] and [¢]
Central Pairs

o [1] and [9]
o [u] and [9]
o [e] and [9]
o [a] and [9]
o [e] and [9]

Regarding the Laxness pairs, one member of such a pair has roughly the same formant
frequencies as the other member of the pair. Based on the fact that the main acoustic cue

" Notably, the members of this pair also are distinguished by [a] being phonologically tense and [z] being
lax. This pair was grouped with the Backness pairs instead of Laxness pairs because the backness contrast
is generally accepted to be more salient than the [ATR] contrast.
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to a given vowel contrast is typically a formant difference, I expected that these pairs
would be notably less distinguishable than the others.

Additionally, half of the stimuli pairs contained the same vowels both times, in
order to avoid the confound of participants realizing that the vowels were always different.

4.2.3 Procedure

The experiment was deployed via Praat (Boersma and Weenik 2023) as a multiple
forced choice AX discrimination task. Participants were seated in a sound-attenuated
booth two at a time, and were equipped with Sennheiser HD 280 Pro headphones
connected to two desktop computers running Windows 7. Before the start of the
experiment, participants were briefed on the nature of the task— namely that they would
hear two nonce words, which would sometimes differ with respect to which vowels were in
them. Participants were also encouraged to trust their first intuition, instead of pondering
over each different stimulus pair. The start text of the experiment read: “This is a
listening experiment. For each pair, decide whether the two made-up words had all the
same vowels in them, or if they had any different vowels.” The run text read: “Did the two
words have all the same vowels in them?” Results were extracted subsequent to each pair
of participants completing the experiment, and statistical analysis was performed in SPSS
once sufficient data were collected.

4.3 Study Results

The graph below shows the percentages of responses that indicate a correct
differentiation between two different vowel phonemes. The possible different vowel pairs
are sorted by contrast type and syllable, where Position 1 is the initial, unstressed
syllable, Position 2 is the antepenultimate, primary stressed syllable, and Position 3 is the
artificially lengthened but stressless penultimate syllable. Height Pairs differed only with
respect to the feature [high] or [low] (e.g. [i]/[e]), Backness Pairs with respect to [back]
(e.g. [i]/[u]), Laxness pairs with respect to [ATR] (e.g. [i]/[1]), and Central Pairs with
respect to whether the vowel in the central [-ATR] region was reduced or full (e.g. [1]/[8]).
A generalized linear model was developed in SPSS, where the participant Response was
the dependent variable (Correct or Incorrect), and the independent variables were Position
(p<0.001) and Contrast (p<<0.001). The interaction term between Position and Contrast
was statistically significant (p<{0.001), and Subject was a blocking factor.
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Test of Model Effects

Source Wald Chi-Square df Sig.

(Intercept) 649.370 1 0.000
Position 766.984 2 0.000
Contrast 116.803 3 0.000
Position * Contrast 56.695 6 0.000
Subject 527.254 | 61 0.000

The following chart is a visualization of the study responses, only including the stimuli
pairs that contained different vowels.

Perceptual Salience of Vowel Contrasts by Position

Contrast

1.00 |- ¥ Height

M Backness
¥ Laxness

M Central Pair

0.80

0.40

Percent Correct Response
o
3

0.00

1.00 2.00 3.00

Position

Figure 5- Percentages of Correct Differentiations of Contrasts by Word Position

The stressed syllable (Position 2) has the highest differentiability, and the unstressed
syllable (Position 1) has the lowest. Position 3 appears to be overall less differentiable
than Position 2 but is much more so than Position 1. The pairwise comparisons (with
Bonferroni correction) show no significant difference between any of the Position 2

contrasts (p=1) or between any Laxness pairs and Central Pairs (p=1), a significant
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difference between Height pairs and Laxness pairs in Position 1 (p<<0.001), but no
significant difference between Height pairs and Laxness pairs in Position 3 (p=1).
The performance of each individual pair in each position is presented below in
Table Set 1. Cells in the table are colored based on which quintile the percentage of
correct differentiation falls into: First- , Second- , Third- , Fourth- , and Fifth-

lo 20 3o lo 20 3o
i/e 52% 91% 85% |i/u 74% 98% 96%
1/e m 1/o 48% 94% 88%
el 50% 60% 45% | e/o 74% 95% 94%
a/o 64% 95% 94% | a/ee 31% 68% 4%
o/u 63% 89% 92%
axness Pa lo 26 36
lo 20 3o 1/0 26% 88% 82%
i/1 44% 85% 85% | u/o 22% 67% 69%
e/e 81% 32% | ¢/o - 89% 84%
u/ov 32% 84% 85% a/e 37% 81% 37%
&/o 50% 88% 69%

Table Set 1- Percent Correctly Differentiated of Individual Vowel Pairings

Laxness Pairs and Central Pairs tend to be less perceptible than Height and Backness
pairs overall, and pairs that include lax vowels and schwa tend to be less perceptible than
other pairs in the same syllable. The Laxness Pairs were more perceivable than predicted,
but interestingly, the non-high Laxness Pair (e/€) is much less perceptually salient than
the high Laxness pairs. This is likely due to the fact that the [+ATR +high] region is much
further away from the [-ATR +high] region than the [ ATR -high] region is from the [-ATR
-high] region. More simply put, a high lax vowel has a larger Euclidean distance from its
tense counterpart than a mid or low lax vowel does, making it more differentiable. This is
also evidenced by the lower perceptibility of the Height Pairs that contain two lax vowels;
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the general salience of a height difference appears to be muddled by the lower amounts of
dispersion when confined strictly to the [-ATR] region. Additionally, Backness Pairs
perform notably better than any other pair type. This is likely due to the fact any backness
distinctions in English are accompanied by a rounding difference as well, which is an
additional cue to contrast.

5. Discussion

Recall that Position 3 in the stimuli discussed above was designed to mimic the
word-final position. While not bearing stress, it had increased, non-phonologically
meaningful duration, and therefore functioned as a proxy for final position. Pairs with only
tense vowels behaved as anticipated, staying nearly as perceptually distinct in Position 3
as in the stress-bearing Position 2. For example, the Height Pair [i]/[e] was 95%
differentiable in Position 2, and 85% differentiable in Position 3.

Notably, the lax vowels in Position 3 did not behave as would be expected if they
are excluded from final position because they are not sufficiently perceptually distinet;
Laxness Pairs and Central Pairs were as distinguishable as Height Pairs. For example, in
Position 3, the Height Pair [i]/[e] was 85% differentiable, the Laxness Pair [i]/[1] was
also 85% differentiable, and the Central Pair [1]/[o] was 82% differentiable. Crucially,
because the Laxness contrast and Central Pair contrast both performed as well in Position
3 as a feature that does actually contrast in final position (height), this shows that lax
vowels would contrast as saliently as tense vowels if they were to occur in that position.
From this, it can be seen that lax vowels are not absent from unstressed open ultimas
because of a lack of perceptual salience; there is no such lack.

However, there is a distinct lack of perceptual salience in Position 1, especially in
pairs involving lax vowels. For example, the Laxness Pair [u]/[uv] was only 32%
differentiable in Position 1 (compared to 84% in Position 2). This different behavior of the
lax vowels between positions emerged as a convenient diagnostic for syllable strength.
Position 1, which is known to be Weak, was also signaled to be Weak because the lax
vowels are notably not perceptually distinct there. Position 2, known to be Strong, was
also signaled to be Strong because the lax vowels are perceptually salient there. As seen
above, Position 3 patterns more closely with Position 2 than Position 1, signaling that this
position is also Strong. Therefore, the findings support the revised, binary analysis of
syllable strength that I propose, where word-final syllables (represented by Position 3) are
as Strong as stress-bearing syllables (represented by Position 2) with regards to hosting
vowel contrasts.
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With this in mind, it is also worth noting that the resistance to final vowel reduction
that Barnes (2002) describes as partial in English is actually total. Ultimas can host as
many vowel contrasts as stress-bearing syllables, completely resisting unstressed vowel
reduction. This raises the possibility that the word minimality constraint (McCarthy and
Prince 1986), at least in English, could be reenvisioned as a final-syllable minimality
constraint, given that the distributions match nearly perfectly, but this matter will be left
to future research.

6. Conclusion

This account has challenged previous analyses of the word-final vowel inventory of
Standard American English. I presented evidence that the natural class found in open
ultimas is that of tense (or [+ATR]) vocalic phonemes, and proposed that this allows
stressless ultimas to be analyzed as Strong syllables, instead of warranting their own
“Intermediate” strength category. In order to determine why lax vowels are disallowed
word-finally, I first looked at the distributional evidence. With added insight from
ambisyllabicity, I showed that lax vowels are actually prohibited from all open syllables,
not just stressless open ultimas. Then, I reviewed the body of historical evidence to
determine if there is a diachronic motivation. This revealed that older stages of English
stopped allowing lax vowels in open syllables, due to a series of phonological changes that
began before the 9th century. In order to uncover any perceptual evidence behind the
absence of word-final lax vowels, I designed and conducted a listening study. The findings
of this study were that lax vowels were still perceptually distinct from their tense
counterparts in final position, which indicates that their absence in that position is not due
to a synchronic lack of salience. The study also showed that lengthened syllables (i.e.
naturally-produced ultimas) behave like Strong syllables when considering vowel
contrasts. The incidental additional duration present due to final lengthening allows
ultimas to host as many different vowel contrasts as stressed syllables, with lax vowels
requiring a coda in both syllable types. This is direct support for the reanalysis of SAE
syllable strength as binary rather than ternary, and concordant with the position that full
lax vowels cannot occur outside of closed syllables.

Final syllables disallowing lax vowels without a coda seems to indicate that they
have some constraint on minimality. Monosyllabic words also have a minimality constraint
that disallows lax vowels without a coda, so it may be that these two constraints are one
and the same. This may leave English not with a Word Minimality constraint, but an
Ultima Minimality constraint, which also happens to apply to monosyllables. Further
theoretical argumentation on this point will be left to future work. Additional areas of
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research include running an altered version of the same study above, but causing the
length in Position 3 to be as variable as the additional duration from natural final
lengthening is. This would allow the effect of durational variability to be tested in earnest.

As far as I am aware, although some (like Hammond 1999) point out that lax
vowels do not occur word-finally, and others (like Giegerich 1992) have noticed that lax
vowels seem to be absent from open syllables, no previous unification of these two theories
has been proposed.
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