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Figure 5 Formant frequencies of non-final reduced vowels from coronal contexts (open squares) and barred-i from minimal pairs
(filled triangles).

applies before unstressed vowels (Kahn 1976, Zue & Laferriere 1979, Shockey 2003: 29).
This diagnostic indicates that full vowels in non-final position receive at least secondary stress
(with a few systematic exceptions discussed below), so forms like ∗["pÓ®oU|in] (cf. protein
["pÓ®oUÆtin]) and ∗["mAn´|oUn] (cf. monotone ["mAn´ÆtoUn]) are ill-formed.

(7) ["p®I|i] pretty
["beI|´] beta
["mA|oU] motto
["lE|´~] letter

Given the three-way contrast between non-rhotic vowels, the fact that final schwa is non-
high serves to keep it distinct from /i, oU/. In the absence of contrast, reduced vowels can be
realized as high without endangering any contrasts. Under these circumstances, high vowels
are generally preferred because they require minimal opening of the constricted vocal tract
required for adjacent consonants (van Bergem 1994, Bates 1995, Flemming 2004).

Note that unstressed vowels other than those usually transcribed as schwa [´] can appear
in non-final unstressed positions but they do not minimally contrast with schwa. Hayes (1995:
14f.) observes that American dialects allow [I] to appear in unstressed syllables preceding
the velar nasal [N], as indicated by the appearance of flaps in words like Keating ["kÓi|IN],
and [i] and [oU] can occur unstressed before vowels (e.g. Whittier ["wI|i´~], Ottawa ["A|oU´])
(cf. Liberman & Prince 1977: 272f.). However, schwa does not occur in either context and
so does not contrast with these other unstressed vowel qualities. The sequence [ju] or [jU]
also appears in unstressed syllables in words like argument ["A®gjum´nt] and occupation
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Figure 6 Formant frequencies of schwa from minimal pairs (open squares) and word-final schwa (filled triangles).

[ÆAkju"peISǹ]. Flapping is not applicable as a diagnostic of lack of stress in this case since
flapping does not apply before glides, but a light syllable preceding the primary stress cannot
be stressed (e.g. Liberman & Prince 1977, Hayes 1981), so it is safe to say that the second
syllable of occupation lacks stress. Again, there is no minimal contrast with schwa. In fact
unstressed [ju] is in free variation with [j´] (e.g. [ÆAkj´"peISǹ]).5

These observations raise questions as to why these vowel qualities appear in these
particular contexts. The feasibility of a pre-vocalic contrast between unstressed /i/ and /oU/ can
be seen as related to the presence of intervocalic glides in these sequences. That is phonetic
glides similar to [j] and [w] appear in sequences of /iV/ and /oUV/ respectively, making it
possible to realize a larger and longer difference in the formants of the two vowels than

5 Thanks to an anonymous reviewer for bringing this case to our attention. The same reviewer suggests
that [(j)u] can occur unstressed in the second syllables of issue and tissue. Impressionistic judgements
of stress vary in cases like these. For example, Merriam-Webster’s Collegiate Dictionary (11th edition)
marks an optional secondary stress on the final syllables of these words whereas Kenyon & Knott (1953)
does not (part of a pattern according to which very few word-final secondary stresses are marked, except
in compound words). We analyze these syllables as bearing secondary stress. We do not know of any
independent diagnostics of stress that are applicable to these words, but some evidence that final /u/ must
bear at least secondary stress comes from an informal poll of American English speakers showing that
they generally do not flap /t/ before final /u/ in Latin phrases like in situ and ex mero motu, even if they
do flap /t/ before /ou/, as in the phrase in toto (Donca Steriade, p.c.). In any case, the key observation that
there are contrasts between unstressed vowels in word-final position but not in non-final position remains
unchanged whether or not [(j)u] is part of the word-final unstressed inventory.
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would normally be possible in a non-final unstressed vowel. The basis for the occurrence of
unstressed [I] in [IN] is less clear. In the study of non-final schwas we observed that F2 of
these vowels is strongly dependent on segmental context, so it is possible that the observed
[I] results from assimilation to the following velar nasal.

The same correlation between quality of reduced vowels and the system of vowel contrasts
that is observed within English is also observed across languages. That is, a contextually-
variable vowel, high in most consonantal contexts, (which we will refer to as [È] for brevity)
only seems to be found where all vowel quality contrasts have been neutralized, as in English
non-final unstressed positions. For example, Bergem (1994) shows that vowel reduction in
Dutch yields a vowel that shows a very similar pattern of variation to English [È]. On the other
hand, mid central [´] is only found in contrast with higher vowels, as in word-final unstressed
position in English. For example reduced vowel inventories of the general form [i, ´, u] occur
in unstressed syllables in Russian6 (Padgett & Tabain 2005), Bulgarian (Lehiste & Popov
1970), and in final unstressed syllables in Brazilian Portuguese (Mattoso Camara 1972). We
do not find reduced inventories of the form [i, È, u].

In Flemming (2004) this typology is analyzed in terms of a conflict between a preference
to minimize effort and a preference for perceptually distinct contrasts (cf. Lindblom 1990).
In the absence of vowel quality contrasts, effort minimization dominates and the result is a
vowel that is strongly assimilated to its context – i.e. what we are labeling as [È]. Where vowel
contrasts are maintained, distinctiveness is better served by an inventory of the form [i, ´, u]
(or variants such as English word-final [i, ´, oU]) where mid [´] provides a better contrast with
the higher vowels than [È] would. The analysis implies that a language with both contrastive
and non-contrastive reduced vowels could have both [´] and [È] in the respective contexts –
English confirms that prediction.

The typological generalization about the distribution of [È] and [´] is obscured by the
common practice of transcribing both types of vowel as [´]. For example, the Dutch reduced
vowel is conventionally transcribed as [´] although it is high in most contexts. Transcription
practices in American English are further confused by the fact that [È] is distinguished from
[´], but [´] is used to transcribe most medial and final unstressed vowels while [È] is mainly
used in transcribing certain suffixes. We have seen that the actual basic distinction is between
word-final reduced vowels and all other reduced vowels, including the vowel of the plural
suffix, so it would be more accurate to transcribe all vowels in the latter class as [È] while
reserving [´] for stem-final reduced vowels as in Rosa and Rosa’s.

The preservation of word-final schwa quality in suffixed words like Rosa’s and sofas
is part of a more general pattern: all word-final unstressed vowel qualities are preserved
under affixation of the plural or possessive suffix, so ["sI|iz] cities preserves the unstressed
tense [i] that otherwise only appears in word-final position, and the same applies to the
[oU] of ["mA|oUz] mottoes. So the minimal contrast between barred-i and schwa in pairs like
roses–Rosa’s can only arise because of the difference in morphological structure between
the two words: in roses the stem boundary precedes the reduced vowel, [[®oUz]Èz], while in
Rosa’s it follows it, [[®oUz´]z]. This contrast does not arise in other contexts, such as within
monomorphemic words.

It would be interesting to investigate the same issues in English Received Pronunciation
(RP) because impressionistic descriptions of this accent suggest that it may differ from the
American English accents described here. First, the distinction between pairs like Rosa’s and
roses is usually transcribed in terms of a difference between [´] and [I] – that is, the vowel of
the unstressed syllable of roses is identified with the stressed vowel quality found in words like
kit. Second, a similar distinction is claimed to be possible in non-final unstressed syllables.

6 According to standard descriptions, the system is [i, å, u] in the syllable immediately preceding stress –
i.e. the ‘schwa’ vowel is lower-mid in this position. Padgett & Tabain (2005) find some evidence in
support of this claim in their acoustic study.
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Wells (1982: 167f.) argues that RP and other English dialects distinguish unstressed [I] and [´]
in pairs such as Lenin [lEnIn] vs. Lennon [lEn´n], and rabbit [®œbIt] vs. abbot [œb´t] (Wells’s
transcriptions). This distinction is not made in the American accents that we are familiar with,
so Lenin and Lennon are homophonous, for example.

Our impression is that RP has a difference in height between word-final and non-final
unstressed vowels, and that the unstressed vowel in words like Rosa’s approximates the
word-final schwa quality as in American English. Experimental investigation is required to
determine if the unstressed vowel of words like roses is in fact comparable to stressed [I] and
thus a more fronted vowel than in American English. As for the existence of a word-internal
contrast between unstressed [I] and [´], it is difficult to be certain whether the second syllables
of Lenin and rabbit are really unstressed or actually bear secondary stress since secondary
stress is possible in a final closed syllable, as in words like gymnast ["dZImÆnœst] and proton
["pÓ®´UÆtÅn] (Ross 1972, Hayes 1981). One possible indication that [I] bears some stress in
Lenin is the fact /In/ in comparable contexts cannot be realized as a syllabic nasal, whereas
/´n/ is often realized as a syllabic nasal – compare Latin ["lœtIn] and satin ["sœtIn] to button
["bØtǹ] and cotton ["kÓÅtǹ]. In any case, preliminary investigation of two speakers who make
this distinction suggests that the contrast is primarily in F2 – Lenin has a front vowel while
Lennon has a central vowel, but both vowels are relatively high, so the contrast would be
better transcribed as ["lEnIn] vs. ["lEnÈn]. So this contrast probably differs from that found in
roses vs. Rosa’s, but experimental investigation is warranted.
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