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Abstract

This article presents a dictionary-based study of vowel reduction and preservation in British English in initial
pretonic position and intertonic position. The different variables which have been claimed to influence those
processes are tested on a data set of over 4,500 words using regression analyses. Our results confirm the significant
effects of syllable structure, position of the vowel, word frequency and opaque prefixation. They also provide weak
evidence for other factors such as vowel features and the existence of a base in which the vowel bears a stress,
although no clear effects of word segmentability could be found. We also report new findings, as we find that
foreign words reduce less than non-foreign words; we find that [+back] vowels reduce less than [—back] vowels
in initial pretonic position; and we find a difference in behaviour for vowels followed by /sC/ clusters between
non-derived words and stress-shifted derivatives.
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1. Introduction

In Standard Southern British English (SSBE; a modern version of Received Pronunciation), we can
observe alternations among morphologically related forms such as those in (1). We follow Bauer et al.
(2013) in using the symbol + to mark morphological relatedness.'

(1) atom  /'atom/ +  atomic /9" tomik/
fatal /' fertal/ s fatality /fo'taliti/
eponym /'epanim/  +  eponymous /1 ppnimas/

What can be seen from the examples in (1) is that the first two vowels have different realisations
depending on the position of primary stress in the word. The vowels that can bear the main stress are
called ‘full” vowels or ‘strong’ vowels, while those that cannot are called ‘reduced’ or ‘weak’ vowels.

The set of full vowels can be organised as in (2):

2) a N/ kT b. /ii/  FLEECE C. /19/ NEAR
/e/  DRESS /el/  FACE /e:/ SQUARE
/al  TRAP /a1/  PRICE /3:/  NURSE
/A/  STRUT /u:/ GOOSE /va/  CURE
/v/  FOOT /au/  GOAT /3:/  NORTH
/o/ LOT /av/  MOUTH /a:/  START

/o1/ CHOICE

The vowels in (2a) are usually analysed as phonologically short and are restricted to preconsonantal
positions (Durand 2005). The second series, in (2b), are best analysed as closing diphthongs, even
though two of them, /i:/ and /u:/, are not transcribed as such (but they regularly have diphthongal
realisations such as [1i] and [u4] in SSBE). They may occur in all positions, including prevocalically,
although there are restrictions on syllable size which may limit their appearance in closed syllables
(see Harris 1994: 69; Harris & Gussmann 1998). They may undergo smoothing before schwa, are
particularly affected by pre-fortis clipping, and cannot be followed by linking /r/ (Lindsey 2019: 24).
Finally, the vowels in (2¢) are mostly those that have emerged from the loss of post-vocalic /r/ (although
some have merged with vowels that were never followed by /1/; e.g., thought /'0o:t/, palm /a:/, idea
/ar'd1a/). They do not occur before tautomorphemic vowels, never undergo smoothing and may trigger
linking /r/ before a heteromorphemic vowel (Lindsey 2019: 50). Categories (2b) and (2c¢) are usually
analysed as phonologically long. There is some controversy regarding whether the vowels in (2) should
always be analysed as having some degree of stress, which partly stems from different research and
transcription traditions (see Dabouis 2020; Durand & Yamada 2023 for recent overviews).

Vowels that do not bear primary stress may be assumed to bear some level of stress (secondary or
tertiary) or none at all. The main disagreement has to do with the analysis of full vowels in the positions
shown in (3).

(3) a. The syllable immediately precedes the syllable with primary stress
Initial pretonic: /dar namik/ dynamic
Intertonic: / ri:lak'serfan/ relaxation

! All the transcriptions given in this article are phonemic transcriptions adapted from Wells (2008). Adaptations include some
of the main recent changes that SSBE has undergone, and which are not reflected in Wells’s pronunciation dictionary but are used,
among others, in Cruttenden (2014), Lindsey (2019), and Upton & Kretzschmar (2017). The symbol [#] for the TRAP lexical set
is replaced with [a]; the symbol [e] for the DRESS lexical set is replaced with [¢]; and the symbol [ea] is replaced with [e:]. Syllable
boundaries (marked with spaces) are also not taken over from the dictionary.

https://doi.org/10.1017/50952675725100122 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675725100122

Phonology 3

b. Post-tonic vowels
Immediately follows main stress: /'lerteks/ latex
Further from main stress: /'demonstrett/ demonstrate

In the British tradition, the underlined vowels in (3) are usually analysed as unstressed full vowels,
but in the American tradition, they are usually analysed as carrying some level of subsidiary stress
(usually secondary or tertiary). In the rest of this article, primary stresses will be marked on orthographic
transcriptions using an acute accent, and secondary stresses will only be marked in the case of full-
vowelled first syllables in words with primary stress on the third syllable (e.g., coridnder, kangaroo).

It is more difficult to define a non-controversial set of reduced vowels, as one extreme position is
to assume that there are none. Indeed, Szigetvari (2017, 2018) assumes that the vowel found in words
such as cut, love or up, which is usually represented as /a/, is a ‘stressed schwa’. He also claims that no
vowel cannot be stressed, and that a subset may be stressed or unstressed: non-low vowels /1/, /o/ and
/o/ and the corresponding diphthongs /i:/, /ou/ and /u:/.> On the other hand, the two dictionary sources
we use in our study, Jones (2006) and Wells (2008), posit two vowels that may be either strong or weak,
/1/ and /u/, and three that are systematically weak, /o/, /i/ and /u/. These latter two symbols were initially
intended to represent possible variation (and thus neutralisation) between /1/ and /i:/ and between /v/
and /u:/. Indeed, there is no contrast between these pairs of vowels in unstressed syllables word-finally
or prevocalically (e.g., happy, radiation, duality; Wells 2008; Roach 2009). Szigetvari (2017, 2022)
assumes that what those dictionaries transcribe as /i/ and /u/ are unstressed realisations of /i:/ and /u:/;
that /a/ represents a stressed version of /o/; and that /1/ and /o/ may be either stressed or unstressed.
Thus, it appears that dictionaries simply use different symbols to represent what Szigetvari assumes
to be vowels with different levels of stress in the case of /o/, /i/ and /u/. We will thus call those three
‘reduced’ vowels, but one may assume that they are simply unstressed vowels (if one assumes that those
are the only possible unstressed vowels and that cases such as those in (3) are stressed). As /1/ and /u/
may stand for full or reduced vowels in dictionary transcriptions, they will be excluded in all cases but
one. Orthographic (e) is usually realised as /¢/, /i:/, /3:/ or /13/, and those realisations alternate with /1/
in morphologically related words (e.g., d/i:/mon * d/1 ~ o/moniac; h/e/retic * h/a ~ 1 ~ €/retical). To the
extent that the realisation of (e) as /1/ is systematically given as an alternative to /o/ and that it is almost
never found in syllables carrying primary stress (except in pretty, English, England), it will be analysed
as reduced.

There are also different views regarding what vowel reduction is. All the proposals are theory-
dependent, yet all involve the loss of subsegmental material: loss of melodic features (see Giegerich
1999: §5.1.3 for a review of different post-SPE analyses using features); loss of positions, elements
or heads in Element Theory (Harris 1994, 2005; Durand 2005; Backley 2011); or loss of structure in
Government Phonology 2.0 (Pochtrager 2022). There is also controversy regarding the nature of the
process, if it is to be analysed as a process at all. Chomsky & Halle (1968) derived most schwas by
rule from underlying full vowels, but most later analyses have rejected ‘free-ride’ derivations for non-
alternating schwas, and analyses in Optimality Theory have captured reduction behaviour in pretonic
environments mainly through *CLASH constraints (see, e.g., Pater 2000), and posit surface forms as
underlying when there is no related form with a different vowel. However, Szigetvari (2020: 165) claims
that ‘vowel reduction is not a phonological rule of present-day English, it is a historical relic’ (see also
Szigetvari 2018). He argues that it is a purely lexical matter which has nothing to do with phonology.
While we would agree on the lexical character of reduction, to the extent that it is partly unpredictable,
it is, as we will see, quite predictable in certain environments, and the generalisations that govern the
distribution of full and reduced vowels are therefore surely part of the linguistic knowledge of English
speakers. If one assumes it to be a phonological process, it must probably be analysed as a form of
lexical redundancy rule (Jackendoff 1975) — which is the kind of generalisation found at the stem level
of stratal models such as Stratal Phonology (Bermtidez-Otero 2012, 2018) — mainly because it sustains

2In his analysis, diphthongs are actually vowel—glide sequences, and so /i:/, /ov/ and /u:/ are analysed as /1j/, /ow/ and faw/,
thus in clear correspondence with the short monophthongs /1/, /o/ and /&/ (the last being his transcription for the vowel in foot).
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a number of lexical exceptions. As for Szigetvari’s (2018: 86) argument that ‘it is mainly the extreme
conservatism of English spelling’ that suggests derivations such as /a/ — /o/ (as in atom ¢ atomic),
we would argue that, English having long been a written language, and English speakers often being
literate, it is quite possible that the phonological system of English functions differently from those of
languages without such longstanding and widespread literacy. There is, in fact, considerable evidence
that the phonological system is strongly restructured in the process of learning orthography, and so it
is possible that what some would deem ‘pure’ phonology is quite restricted in English (see Dabouis
2023a). Therefore, we argue that generalisations about vowel reduction must be part of the linguistic
abilities of speakers, either as lexical redundancy rules or as graphophonological rules.

Let us now get to the aim of this article. Our aim is not to argue for one analysis over another
regarding the stressed or unstressed status of the vowels in (3), nor the exact nature of vowel reduction.
Our aim is to study the generalisations that have been made in the literature regarding the kinds of
vowels found in words such as those in (3a). In those environments, it is common to find /o/, as in the
examples in (1), but it is not systematic, as illustrated by the examples in (3a). As will be seen in the
next section, numerous generalisations can be found in the literature regarding ‘vowel reduction’ or
‘destressing’, which we analyse as essentially the same process. However, no attempt has been made
to put them all to the test using data in a multifactorial analysis and establish whether they all hold.
Moreover, we will test factors which have only been hypothesised to have an effect, such as foreignness.
We are also particularly interested in the behaviour of vowels in the environments shown in (3a), that
is, intertonic position (e.g., anaconda, condensation, obsoléte, unanimity) and initial pretonic position
(e.g., alumnus, doméstic, harmonic, provérbial). Those positions are particularly interesting because it
has been argued that the existence of a morphologically related word (usually, the local base) reduces
the chances of vowel reduction. This is mostly possible in those two positions, and it can be illustrated
by the famous contrast between cond/e~a/nsdtion, which is derived from cond/¢/nse and may have
an unreduced second vowel, and comp/s/nsation, which is derived from comp/a/nsate and can only
have a reduced second vowel (Chomsky & Halle 1968: 112—126). That observation was central to the
introduction of the transformational cycle by Chomsky & Halle, which is a key feature of generative
models.

The article is structured as follows. We begin by reviewing all the possible determining factors of
vowel reduction which have been proposed in the literature (§2). Then, we detail the methodology of
the study (§3) before we present the results (§4) and discuss their implications (§5).

2. The possible determining factors of vowel reduction

We will only focus on the claims which have been made about words that are neither compounds
(e.g., airplane, blackboard, greenhouse, but also neoclassical compounds such as cardiovascular,
heterosexual, psychology) nor semantically transparent prefixed words (e.g., co-author, deconstruct,
remigration),’ and will mainly deal with claims that apply to the two positions studied in this article
(initial pretonic and intertonic).

2.1. Syllable structure and the nature of the coda

It has been claimed that vowels in closed syllables are less likely to reduce than vowels in open
syllables (e.g., fantastic, éxaltation vs. horizon, déprivation; Burzio 1994: 113; Fudge 1984; Halle &

30nly semantically transparent prefixed words will be studied in this article. They are quite generally assumed to be almost
systematically non-reduced (‘stressed’ in certain analyses; Fournier 2010: chapter 1; Siegel 1974: 136—139; Raffelsiefen 1999),
which goes hand in hand with the absence of reduction. Such prefixes have been assumed to be phonologically independent from
their base (e.g., in Prosodic Phonology they are assumed to constitute their own phonological word; Booij & Rubach 1984).
Therefore, it can be assumed that, if they are attested in pronunciation dictionaries without stress marks, we should expect them
to maintain full vowels.
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Keyser 1971). This is sometimes expressed differently by saying that initial pretonic light syllables
undergo vowel reduction (or ‘destressing’; Halle & Vergnaud 1987: 239; Hayes 1982; Selkirk 1980,
1984: 119). Moreover, it has been claimed that in closed syllables, the nature of the coda may also
impact vowel reduction, with claims that vowels in syllables closed by obstruents are less likely to
reduce than vowels in syllables closed by sonorants (e.g., Alexdnder vs. gorgonzéla; Pater 2000) and
that vowels in syllables closed by non-coronals are less likely to reduce than vowels in syllables closed
by coronals (Ross 1972; Fudge 1984; Burzio 1994, 2007; Dahak 2011). Among open syllables, it has
been claimed that vowels followed by another vowel are less likely to reduce (Chomsky & Halle 1968:
111; Deschamps et al. 2004: 217; Dahak 201 .4

It has also been claimed that vowel reduction may be influenced by weight interactions between
syllables, as vowels found in syllables closed by non-coronal obstruents should not reduce if they
are preceded by a heavy syllable, whereas vowels closed by any type of consonant should reduce if
the preceding syllable is light (Fidelholtz 1966; Ross 1972; Hayes 1982; Pater 1995, 2000). This is
often called the ‘Arab Rule’, in reference to two North American idiolectal pronunciations of the word
Arab, /'®rab/ and /'eraeb/. Although these claims were made for American English, a recent study
has confirmed empirically that the phenomenon exists in British English as well (Dabouis et al. 2020).
However, the study focused on disyllabic words ending in a non-coronal obstruent and cannot confirm
that this phenomenon extends to longer words or that the weight interaction observed is absent with
coronal final consonants.

2.2. Position

Another important factor is the position of the vowel in the word and especially relative to stresses
(e.g., whether it is pretonic or post-tonic). Many have reported a specificity of the initial pretonic
position, in which reduction is far less common than in other positions (Chomsky & Halle 1968; Halle
1973; Liberman & Prince 1977; Selkirk 1984; Deschamps 1994; Deschamps et al. 2004). This may
be attributed to the inherent strength of the initial position, and this has been analysed in Strict CV
by Dabouis et al. (2020) as an effect of the empty CV unit posited by Lowenstamm (1999) at the left
edge of the word. Positions have been noted to be relevant in post-tonic contexts as well. Dahak (2011)
reports different rates of vowel reduction in different post-tonic positions depending on the number of
syllables of the word and the position relative to the primary stressed syllable.

2.3. Morphology

There have also been claims on the influence of morphology on vowel reduction. The first was Chomsky
& Halle’s (1968: 112— 126) claim on the condensation—compensation contrast, which we discussed
in §1. They claim that in intertonic position, having a base with stress on the second syllable (e.g.,
condénse) can protect the vowel of that syllable against reduction in the derivative in which primary
stress is on its third syllable. More recently, it has been argued that the frequencies of the derivative and
the base are relevant. In a study of -ation derivatives in which the second syllable is closed by a sonorant
and which have a base with second-syllable stress (e.g., condémn ¢ condemnation), Hammond (2003)
finds that vowel reduction in the second syllable is more likely if the base frequency is higher and if
the derivative frequency is higher. However, Collie (2007: 182—186) replicated Hammond’s regression
analysis and found that result to be statistically unreliable. Others, following Hay (2001, 2003), have
argued that the relevant frequency measure is the relative frequency of the base and of the derivative.
In Hay’s model, the ‘segmentability’ of a word is related to lexical storage and how complex words
are accessed in the mental lexicon, as more segmentable words are assumed to be accessed in long-
term memory through their constituents, while less segmentable words are accessed directly as whole

4The verification of this claim will be strongly influenced by the position adopted regarding the analysis of what Wells (2008)
transcribes as /i/ and /u/ (see discussion in §1).
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forms. Relative frequency has therefore been described as an indirect measure of the segmentability
of a complex word (Plag & Ben Hedia 2018). As it is indirect, it is also possibly imperfect, and
so it can be complemented by additional measures of segmentability such as semantic transparency.
Segmentability is predicted to have phonological effects, so that if the base is more frequent than the
derived word, the derived word is more likely to preserve phonological properties from its base, but if
the base is less frequent than the derivative, then the latter is less likely to preserve such properties. Thus,
segmentability may interact with absolute frequency of the derivative, which has also been claimed to
affect vowel reduction, as will be seen in §2.4. In that model, vowel reduction is expected to be less
likely if the base is more frequent than the derivative, as shown in (4), which are examples taken from
Bermudez-Otero (2012), based on observations made by Kraska-Szlenk (2007: §8.1.2). However, both
Hammond (2003) and Kraska-Szlenk (2007) use very small samples and do not test frequency effects
in other environments.

(4) Frequencies (tokens per 10° words in the spoken section of the Corpus of Contemporary
American English) of some base—derivative pairs (Bermudez-Otero 2012: 37)

a. Cyclic stress Base Derivative
cond[¢lmn  cond[¢]mn-ation 7.09 > 2.57
imp[3]rt imp[Jd]rt-ation 5.15 > 0.62

b. Variable stress
cond[¢]nse  cond[¢ ~ o]ns-ation 0.28 ~ 0.22

c. Non-cyclic stress
cons[3]rve cons[a]rv-ation 1.65 < 9.11
transp[d]rt transp[o]rt-ation 7.23 < 2354

Other relative frequency effects have been reported for processes such as second-syllable
preservation failure (e.g., anticipate * anticipation ~ anticipation; Collie 2007, 2008), exceptional
second-syllable stress preservation (e.g., adopt ¢ adoptée; Dabouis 2019) or morphological gemination
(e.g., i[x:]ational; Dabouis et al. 2023), and these different results have been interpreted using Hay’s
model. Therefore, these different claims mean that such morphological effects need to be controlled
for in relevant positions, including the initial pretonic position, which has not been investigated in that
regard in the literature.

The second type of influence that morphology has been claimed to have on vowel reduction concerns
semantically opaque prefixed words such as contain, deceive, reduce, suspect. Most major works on
English phonology have observed that the vowel of their prefix reduces systematically in initial pretonic
position, even if it is in a closed syllable (Chomsky & Halle 1968: 118; Halle & Keyser 1971: 37,
Liberman & Prince 1977: 284-285; Guierre 1979: 253; Selkirk 1980; Hayes 1982; Halle & Vergnaud
1987: 239; Pater 2000; Hammond 2003; Collie 2007: 129, 215, 318-319).° Note that this may be true
of SSBE and General American but not of northern varieties of England, where a number of prefixes
in closed syllables maintain full vowels (e.g., conclude /kon klu:d/, advance /ad'vans/, substantial
/sab’stanfol/; see Cruttenden 2014: 139).

2.4. Lexical factors

Reduction has also been claimed to be influenced by lexical factors. One of them is frequency, as
Fidelholtz (1975) claims that more frequent words are more likely to undergo reduction than less
frequent ones, which has been confirmed by later studies (Bell et al. 2009; Clopper & Turnbull 2018).

3 Another observation made in the literature regarding opaque prefixed words and vowel reduction is that disyllabic nouns
with initial stress that have a related verb with final stress (e.g., escort, import, project) do not show reduction of their second
vowel (Fudge 1984: 32, 167; Poldauf 1984: 38). However, in her large-scale dictionary-based study, Dahak (2011: 235) reports
that this behaviour extends to words without a morphologically related word with final stress and that, unlike in non-prefixed
words, vowel reduction is quite rare in disyllabic opaque prefixed words with initial stress (e.g., abject, adverb, expert, oblong).
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The frequency of units smaller than the word has also been proposed to be a factor in vowel reduction
in opaque prefixed words. Hammond (2003), who bases his analysis on Fidelholtz’s work, claims that
lexical items with a high frequency tend to reduce, and that the high frequency of Latinate prefixes
would explain why they are often reduced (see §2.3). However, this seems to interact with word
frequency, as Pater (2000) notes that the first vowels in common prefixed words (e.g., admire, compose,
embrace, protect) tend to reduce more than in less common prefixed words (e.g., adsorb, exogamy,
obtund, protrude). The frequencies of the words given by Pater were collected by Cho (2004) and, for
these words at least, the generalisation holds, as words whose prefix does not reduce never have a high
frequency.

Another lexical factor that has been put forward for phonetic reduction is neighbourhood density,
which is ‘typically defined as the number of words that differ from a target word by one phoneme
insertion, deletion, or substitution’ (Clopper & Turnbull 2018: 30). Words with more neighbours may
be more difficult to identify and so are less likely to undergo reduction.’

Finally, Dabouis & Fournier (2022) analyse the English lexicon as divided into several subsys-
tems which have different phonological, morphological, graphophonological and semantic properties,
and which are defined by the perceived foreignness or ‘learnedness’ of words. They suggest that foreign
words (in their system, those belonging to the lexical subsystems §French and §Foreign) might be less
prone to vowel reduction than native vocabulary, although this effect should be teased apart from that
of word frequency. Dahak (2009) also mentions this factor and reports that half of the 34 words that
she tagged as ‘borrowed’ in her study on vowel reduction in intertonic position have a full vowel. She
suggests that ‘the level of integration of a word into the system’ can be a determining factor.

2.5. Vowel features

We are aware of only two proposals regarding how certain vowel features may affect vowel reduction.
Chomsky & Halle (1968) have two such claims: tense vowels do not reduce prevocalically, and only
unstressed low vowels reduce in final position. However, proposals such as these are difficult to test
as they depend on what one assumes to be the underlying vowel from which the surface reduced
vowel would be derived (in a generative model such as Chomsky & Halle’s, where surface [9] is often
derived from underlying full vowels). In monomorphemic words, we have no way to determine what
the underlier is if the surface vowel is [o]. However, in stress-shifted derivatives, or in words which have
a cognate in which the vowel under scrutiny is full, that vowel may be assumed to be the underlier. In
order to broaden the potential scope of these claims, we will test whether certain vowel classes behave
differently from others with regard to vowel reduction.

One way to go around this issue could be to use spelling, which is systematically available regardless
of the surface value of the vowel. This is the approach adopted by Deschamps (1994: 111-112), who
notes that (o) and (u) do not reduce word-finally, unlike other vowels, or by Tokar (2019), who reports
different rates of vowel reduction for (a) and (o) in initial pretonic position in open syllables (93%
vs. 69%). However, if one assumes that orthography represents underlying vowels, it is unclear what
subsegmental properties should be assumed for these vowels. For example, in British English, the four
most common realisations of (a), namely /a, e1, a:, €/, vary considerably in height. Among vowel
monographs, we could identify two series that almost systematically differ in potential backness: (a, e,

i, y) vs. {0, u).

There are other factors which would be relevant for phonetic reduction in speech, as discussed by Clopper & Turnbull (2018),
who say that reduction is influenced by how difficult the processing of words is for both speakers and listeners, and that this
difficulty is influenced by factors such as semantic predictability, discourse mention and speaking style, along with lexical factors
such as frequency and neighbourhood density. Bell ez al. (2009) also report that the predictability of content and function words
(along with their frequency) impacts their duration.
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2.6. Spelling

Spelling is not often included among the possible determining factors of phonological processes, but
some authors have done so, claiming that vowels spelled with digraphs reduce less than vowels spelled
with monographs, particularly in initial and final position (e.g., augmént, Eurdsian vs. pathétic, forénsic;
Dahak 2011; Deschamps et al. 2004: 217). In response to earlier presentations of this work, it has been
suggested to us that this parameter might overlap with that of individual vowels, as digraphs almost
systematically represent long vowels, and certain vowels (/o1, av/) are only represented with digraphs,
so the potential effect of spelling would have to be teased apart from that of vowel features such as
length or backness.

3. Methodology
3.1. Data

The use of large data sets has long been the exception rather than the rule, and, as noted by McMahon
(2001: 424), ‘[T]here is undoubtedly a problem in phonology, especially the sort that rather distances
itself from phonetics, of reliance on stock examples and introspection’. This problem surely has affected
studies on vowel reduction, as we are aware of only a handful of large-scale empirical studies on the
issue, each of which is limited in scope: Hammond’s (2003) study of words of the condensation type
(which provides no information about how many words were investigated and how they might differ
from non-derived words); the large study of post-tonic vowels in Dahak (2011), which has not sought to
investigate the interactions between all possible factors, so that some of the results that Dahak attributes
to one factor may in fact be caused by another; Tokar’s (2019) study of orthographic (o) in initial
pretonic position; the study of the ‘Arab Rule’ in Dabouis ef al. (2020); and Zhang’s (2021) study
of vowel reduction in deverbal nouns in -(at)ion, which takes only a limited number of factors into
consideration. Therefore, using pronunciation dictionary data seems a good starting point, as they have
the advantage of giving access to large numbers of words, with several pronunciations listed and a
relative uniformity of the idiolect that is represented (even though it is to some extent an artificial
idiolect).” They also present limitations such as questionable syllabification choices (Ballier & Martin
2010), the hybrid nature of the transcription used (Dahak 2006) or the unavoidable presence of errors.
Because of these drawbacks, the present study should be later complemented with studies using other
kinds of data such as natural speech data or judgement tasks.
We chose to focus on two positions:

Initial pretonic: The first syllable of a word, immediately followed by a stressed syllable (e.g.,
arrive, dextérity, herétical).’

Intertonic: The second syllable of a word, immediately followed by the syllable with primary
stress and preceded by a syllable with secondary stress (e.g., rélaxdtion). Words listed as having
a variant in which the first syllable is unstressed and the second syllable carries secondary stress

7To get a sense of the reliability of the dictionary data, the first author compared the pronunciations given in the dictionaries
used in this study with oral data in Youglish (https://youglish.com/, consulted between 12 January and 9 March 2021), in different
syllabic configurations, with different orthographic vowels, for both monomorphemic and stress-shifted derivatives and only in
initial pretonic position. Two hundred words were considered, and a maximum of 10 tokens per word were listened to, for a total
of 1,316 tokens. Vowels were classified by ear as full or reduced. The main result is that words whose main pronunciation is given
as reduced by the dictionary are indeed reduced in 90% of cases, while those given as full are full in 70% of cases, with more
reduced vowels in open syllables (76%) than in closed syllables (38%). This suggests that the dictionary data are quite reliable
overall; that the main pronunciation is the most representative of what speakers produce; and that there is (unsurprisingly) more
variability in oral data than in the dictionary data.

81n the case of words whose second syllable is marked in the dictionary as having secondary stress and where the first syllable
contains a full vowel, some might argue that both have secondary stress. However, note that such cases are almost exclusively
attested among prefixed words (36 prefixed words and 2 non-prefixed) and that they are not numerous enough to have any
significant impact on the results presented here.
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(e.g., departméntal) are left out, so as to keep only words in which the first syllable is stronger than
the second syllable (but see Dabouis 2019 for a study of that pattern).

As the only effects of morphology that we seek to study are the two detailed in §2.3, namely possible
vowel preservation from a base in which the vowel has main prominence, and the effects of prefixation,
we will restrict our investigation to three morphological categories:

1. Monomorphemic words (e.g., acacia, cadastre, elite, macabre, tarantula) and words formed of a
bound root and a suffix (e.g., ambition, hermetic, sporadic), which are used as a reference point
for how ‘vowel reduction’ functions in the absence of any morphological influence. Those two
categories are treated together because all cyclic models assume them to be computed in a single
pass through the phonology (as roots do not trigger phonological computation), and so they should
behave in the same way. From now on, these words will be referred to as NON-DERIVED words;

2. Prefixed words with a monosyllabic prefix, using a broad definition of prefixation including
historically prefixed words which are synchronically semantically opaque (e.g., accede, believe,
collect, defend, elapse, extent, offend, persist, presume, promote, recite, succeed) in order to test
the claims made in the literature (see §2.3). We will distinguish such opaque prefixed words, in
which the prefix (and sometimes the root, which may be bound) contributes no clear meaning, from
transparent prefixed words, in which both constituents have clearly identifiable meanings (e.g.,
asymmetry, co-author, decentralize, preamplifier, reactivate, subarctic, transnational, unaltered,
unwrap). Certain words could not be treated as straightforwardly opaque or transparent, as there is a
semantic contribution of the prefix to the semantics of the whole word, but the meaning of the whole
word is not compositional or the root is bound. Semantic transparency is gradient, and so we sought
to study the constructions which are quite clearly opaque or quite clearly transparent. Therefore, we
excluded 289 words in the ‘grey area’ between the two (e.g., cohabit, degenerate, empower, extract,
resuscitate, transform). This morphological category will be included only in our consideration of
initial pretonic position;

3. Stress-shifted derivatives (e.g., vital ¢ vitality; inform  information), which provide useful informa-
tion regarding how different vowels (or subsegmental features) impact reduction and whether the
existence of a base with main prominence on the vowel under scrutiny affects reduction and, if so,
how. We included words in those data sets only if a base could be identified and if that base has a
frequency above zero in SUBTLEX-UK (van Heuven ef al. 2014).

Other morphological categories such as compounds, neoclassical compounds or suffixed words
without stress shift were not considered. For the reasons exposed in §1, we did not keep any occurrences
of /u/, nor of /1/ spelled (i).

Two different sources have been used for the two positions and, in both cases, only British
pronunciations are considered. For initial pretonic position, we automatically extracted all the words
with no stress mark on their first syllable in Jones (2006), and manually identified the relevant
morphological categories. Jones (2006) is a pronunciation dictionary which has around 80,000 entries,
with both British and American pronunciations. For intertonic position, the data were taken from Wells
(2008), but were extracted from the data sets used in Dabouis (2016), which are available online
(at https://halshs.archives-ouvertes.fi/tel-01414997/file/ Annexes.pdf): monomorphemic words, bound
roots plus a suffix, and derived words with a base with main prominence on its second syllable.

Wells (2008) is also a pronunciation dictionary, which has around 83,000 entries and also lists
British and American pronunciations. Both dictionaries use phonemic transcriptions (although see §1
on their use of /i/ and /u/), and may list several possible pronunciations for a given word. For example,
the entry in Wells (2008) for the verb extract reads ‘1k 'straekt ek-, ok-’. The main pronunciation is
shown in bold, and the other two possible pronunciations for the first syllable are variants. Following
Hammond (2003), the transcriptions were converted into a four-point scale (1: Full; 2: Full ~ Reduced;
3: Reduced ~ Full; 4: Reduced). If only a full pronunciation is given, the vowel was coded as 1; if only a
reduced pronunciation is given, the vowel was coded as 4; and if both a full and a reduced pronunciation
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Table 1. Word counts in the different data sets of the study.

Initial pretonic  Intertonic

1. Non-derived 1,234 474
2. Prefixed 1,997 —
3. Stress-shifted derivatives 590 199

are given, vowels were coded as 2 or 3 depending on the order in which the variants are listed. There
is one case for which possible variation is represented within the main pronunciation, /a(v)/, and so we
treated it as Full ~ Reduced (coded as 2).’

The reason that we used two different sources is that the data set for initial pretonic position
was initially designed as a follow-up to a study on the ‘Arab Rule’ (Dabouis et al. 2020), and we
later expanded the investigation to intertonic position as we had an already available cleaned-up
data set in Dabouis (2016). In both cases, all the relevant cases are included, as long as they fit
the morphological categories described above. This means that other morphological categories (e.g.,
compounds, neoclassical compounds, words with neutral suffixes) are not included. In intertonic
position, we did not keep words whose second syllable is part of a historical prefix (e.g., recollect,
supersede), as these prefixes have been claimed to reduce systematically (see §2.3; this was indeed true
in all but one case), and they were not present in sufficient numbers to constitute a separate category for
statistical testing. In intertonic position, derivatives containing a semantically transparent prefix (e.g.,
amoral * amorality) were not kept in the data set, as the intertonic vowel is systematically identical to
that found in the corresponding non-prefixed word. We also excluded the few cases in which the vowel
under consideration is spelled differently in the base and in the derivative (e.g., reveal + revelation) as
spelling was a variable to be tested and in these cases, it would not have been clear which spelling to
consider. Note that some of the words used have variation in the position of stresses.

In order to gauge the extent to which the two sources agree regarding vowel reduction, we extracted
a random sample of 100 entries in each of the three inventories of initial pretonic position (which are
taken from Jones 2006), amounting to 300 words in total. Then we collected the pronunciations given in
Wells (2008) and checked whether the two dictionaries agreed in giving a full or reduced pronunciation
of the relevant vowel. There are 25 words which are not listed in Wells, so the comparison can be
done only on 275 words. We found that the two dictionaries give strictly identical information in 226
cases (82%), and that they agree on the main pronunciation in 254 cases (92%). The differences mainly
have to do with the fact that Wells sometimes uses /u/ where Jones uses /u:/ (12 different entries).
The remaining cases include five entries for which the two dictionaries give the same pronunciations
but reverse the order of the variants, and four are rather rare and foreign words (batik, pesewa, razoo,
sapele). Thus, the two dictionaries largely converge on the data they provide regarding vowel reduction
and can be assumed to be comparable. However, because there are some differences, we will never
collapse the two data sets into a single one in the following analyses; the two positions will always be
analysed separately.

The number of words for each data set is shown in Table 1.

3.2. Coding

We coded the data based on the different variables proposed in the literature which we reviewed in §2.
The variables used and how they were coded are detailed below.

SYLLABLESTRUCTURE: The literature discussed in §2.1 argues that there is a difference between open
and closed syllables. We coded this variable following standard syllabification procedures, maximising

9The fully annotated data and R scripts are available on OSF: https://osf.io/qbenv/.
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onsets while respecting the sonority contour. This means that sequences with rising sonority that can
constitute a well-formed onset (e.g., /br/, /pl/, /lj/) were analysed as branching onsets, while those with
level or falling sonority (e.g., /pt/, /kt/, /1t/, /nd/) and clusters of rising sonority which are not well-
formed onsets (e.g., /fg/, /ps/, /gn/) were analysed as coda—onset sequences. Syllables with no coda are
coded as OPEN (e.g., lasagne, instrument), and those with a coda are coded as CLOSED (e.g., campaign,
volunteer).

However, there are two problematic structures for which we had to make choices. First, /sC/ clusters
are a well-known problem for syllabification, as they are the only attested word-initial clusters with
falling sonority (see, e.g., Scheer & Ségéral 2020; Goad 2012), and so their word-internal syllabification
is an issue. The second problematic structures are vowels followed by historical coda /r/. As the variety
of English that we are focusing on is non-rhotic, it is unclear whether we should assume that coda /t/s are
still present underlyingly or not. Statistical tests were conducted in the non-derived data set to determine
how to treat those problematic structures. No difference was found for reduction rates between vowels
followed by (rC) and vowels followed by other consonant clusters which may not form branching
onsets. Therefore, vowels followed by (rC) were coded as closed. However, vowels followed by /sC/
were found to be statistically significantly different from both open and closed syllables, and so were
coded as a distinct category, sC.

We then coded two variables reflecting the place and manner of the coda, which have been claimed
to affect vowel reduction (§2.1):

Copa-PrLAcE: Codas were coded as CORONAL (/n/, /1/, /d/, /t/, /z/, [f7) or NoN-CORONAL (/k/, /g/, /p/,
/v, lm/, /y/).

Copa-MANNER: Codas were coded as OBSTRUENT (/p/, /t/, /k/, /b/, /d/, /g/, /z/, /[]) or SONORANT (/n/,
/m/, i/, /).

WEIGHTSI: In order to test possible interactions between the first two syllables, we coded the weight
of the first syllable in the intertonic data set as Heavy (e.g., aviation, trampoline) or LIGHT (e.g.,
magazine, coriander). This variable is designed to control potential weight interactions between the
first two syllables which may resemble the ‘Arab Rule’ as discussed in §2.1. The behaviour noted in
the literature is that vowel reduction may be affected by the weight of the preceding syllable (in the
case of the ‘Arab Rule’, the place of articulation of the coda consonant in the second syllable is also
relevant). Quite logically, this variable is only relevant in intertonic position, as no syllable precedes
the vowel in initial pretonic position.

SPELLING: Vowels were coded as MONOGRAPH (e.g., (a), (0), (u)) or DIGRAPH (e.g., (ai), (au),
(ow)), as we saw in §2.6 that there are claims in the literature that digraphs reduce less often than
monographs.

GRAPHEME: The specific grapheme was coded. This is one way to test vowel features, as there are
reports that different orthographic vowels behave differently (§2.5). As there are too few occurrences
of each different digraph, statistical tests including this variable were only conducted on monographs,
excluding (i), as most occurrences were excluded from the general data set on the grounds that (i)
corresponding to /1/ is uninterpretable in terms of vowel reduction (see §1), and (y) as there were too
few occurrences. Therefore, there are only four possible values for this variable: (a, e, o, u).

LoGFREQUENCY: Token frequencies were collected from SUBTLEX-UK (van Heuven et al. 2014),
and were log-transformed (as /n(x + 1)) so as to resemble the way ‘humans process frequency
information’ (Hay & Baayen 2002: 208). This was done to test the common observation that high-
frequency words tend to undergo more reduction than low-frequency items (§2.4).'°

FoREIGN: In response to earlier presentations of this work, in which we had reported word frequency
to be a significant predictor of vowel reduction, it was suggested to us that this effect could (at least
partly) be attributed to the fact that many low-frequency words were foreign. The assumption is then

10We also tested the claim that neighbourhood density affects vowel reduction. We collected values from Shaol & Westbury
(2010) for non-derived words. However, this source did not contain enough data for us to be able to test this predictor properly,
and in preliminary analyses, we found no effect of that variable in the data sets in which we had the most data.
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that foreign words would be less likely to reduce than non-foreign words. Although we do not know
of any published research on this issue, there are proposals that foreign words in English may behave
differently from more integrated words (Pater 1994; Dabouis & Fournier 2022). Therefore, in order to
tease apart the effects of frequency from those of foreignness, it was necessary to identify which words
should be treated as foreign. This is not easily done, and so we relied on different formal characteristics
that are available to speakers, following Dabouis & Fournier (2022). We used three characteristics in
a stepwise fashion (i.e., words identified as foreign for one characteristic were not considered for the
following criterion):

1. Word endings: Certain orthographic endings appear almost exclusively in loanwords, and we
identified nine such endings in our data: (-Ca), (-Ci), (-Co), (-Cu), (-eur), (-euse), (-aise), {(-é(e))
and (-V(rr)h). For example, here are the first ten words in (-Ci) in our initial pretonic data set:
acouchi, adzuki, afghani, agouti, aioli, basmati, bikini, borlotti, bouzouki, chapatti.

2. Foreign spelling-to-sound correspondences: These have been established in previous studies such
as Carney (1994), Deschamps (1994) and Trevian (1993). They include irregular correspondences
for stressed vowels such as (a)—/a:/ (as in banal, ménage) and (i)—/i:/ (elite, pastis); consonant
correspondences such as (ch)—/[/ (chandelier, moustache) and (g)—/3/ (collage, ingenue); and non-
silent final (e) (anemone, furore).

3. Semantics referring to foreign cultures: A number of loanwords may only be identified through
their meaning when it refers to objects, people or customs of the peoples whose languages were the
sources of these loans. We identified mainly meanings referring to foreign currencies (e.g., koruny,
pistole, rupee), food and drinks (champagne, kebab, trepang), functions (hussar, savoy, ukase) and
objects (palankeen, pirogue, sitar). Details of the categories used can be found in the full data set
on OSF (see https://osf.io/gbenv/).

This variable was coded only for non-derived words. Although this methodology might miss some
of the targeted words and identify as foreign certain words which may not be perceived as such (such
as banana, charisma, police, potato), it should allow us to capture most of the effects of foreignness,
if there are any. The number of words identified as foreign is quite significant: 600/1235 (49%) in the
initial pretonic data set and 275/474 (58%) in the intertonic data set.

Finally, certain variables were coded only for stress-shifted derivatives:

MoRrPHOLOGY: In initial pretonic position, the presence of a semantically opaque prefix was coded:
PREFIXED (e.g., contextual, objectify, proverbial) vs. NONPREFIXED (articular, musician, solidity).
Although the literature quite generally reports that opaque prefixes reduce in initial pretonic position
(§2.3), there is no established uncontroversial and reproducible way to identify such prefixes. Therefore,
we used the etymological information given in the online Oxford English Dictionary (https://www.oed.
com/) to establish whether we should treat a word as prefixed. Although certain words may have lost
the formal characteristics which would allow for the recognition of these prefixes, we assume that most
of them have kept such characteristics (see Dabouis & Fournier 2025), which has been argued to be
mainly the distributional recurrence of the prefix (e.g., conceptual, confiscatory, constituent) and root
(e.g., aspectual; cf. inspect, prospect, suspect) and medial consonant clusters which are phonotactically
illicit in simplex words (e.g., /kspl/ is only attested in words in ex- such as explain, explicit, exploit).

LoOGFREQUENCY-BaASE: Log-transformed frequency of the base (as /n(x + 1)), also taken from
SUBTLEX-UK.

RELATIVEFREQUENCY: Ratio of the log-frequency of the derivative and the log-frequency of the base.
Thus, a relative frequency of less than 1 means that the base is more frequent than the derivative, and
a relative frequency greater than 1 means that the base is less frequent than the derivative.

SEMANTICTRANSPARENCY: Derivatives for which the base appears explicitly in the definition
of the derivative in a general dictionary (Dictionary.com, consulted in May 2019) were coded as
TRANSPARENT. Others were coded as OPAQUE.

In order to test for vowel features to see if certain natural classes have specific behaviours (see §2.5),
different models and analyses of English vowels were tested. We tried using Backley’s (2011) Element
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Table 2. Vowel features based on Jensen (2022).

Back  HicH Low  Rounp

DRESS /el No No No No
TRAP /a/ No No Yes No
LOT /o/ Yes No Yes Yes
STRUT /A/ Yes No No No
FLEECE i/ No Yes No No
GOOSE u/ Yes Yes No Yes
THOUGHT/NORTH  /2:/ Yes No No Yes
PALM/START /a:/ Yes No Yes No
NURSE /3:/ Yes No No No
FACE et/ No No No No
GOAT /av/ Yes No No Yes
MOUTH /av/ No No Yes No
PRICE /a1/ Yes No Yes No
CHOICE /o1/ Yes No No Yes
NEAR 19/ No Yes No No
SQUARE /e:/ No No No No
CURE [va/ Yes Yes No Yes

Theory model, by coding vowels as containing or not containing one of the three elements used by
Backley. A second option was to use Jensen’s (2022: 64—66) analysis of English vowels using binary
features. That second option turned out to perform much better in statistical analyses, and so here is
how it was implemented. We used four variables to represent the four features used by Jensen: BACK,
HigH, Low and RounD. Vowels were coded for all four variables, with two possible values, YES or No.
As Jensen is mainly focused on American English, the vowels /3:/, /15/, /e:/ and /ua/ are not present in
his analysis, and so we inferred feature specifications from those of other vowels. The coding used for
our data is shown in Table 2.

As can be seen from Table 2, those features alone cannot capture all possible vowel contrasts, and
so those variables were used alongside the variable VOWELQUANTITY. For this variable, vowels in the
base were coded as LoNG (diphthongs and long vowels) or SHORT (the four vowels /a, €, », A/). This
was done to test the claim that long vowels reduce less than short vowels (§2.5).

Finally, the dependent variable is VOWELREDUCTION, coded using a four-point scale as described in
the previous section.

3.3. Modelling procedure

All statistical tests were conducted in R (v. 4.1.3; R Core Team 2023) using ordinal logistic regression
with VOWELREDUCTION as the dependent variable, as this variable is a scale. This was done using the
polr function from the MASS package (Ripley et al. 2019). Models were progressively simplified step-
by-step following standard procedures (e.g., Baayen 2008). We follow Engemann & Plag (2021) in
assuming that, to be maintained in a model, a variable has to meet three criteria. First, its #-value had to
be either below —2 or above 2. Second, the AIC of the model including the variable had to be at least
two points lower than the model without it. Third, a likelihood ratio test comparing the model including
the variable and the model without it had to have a p-value lower than 0.05. A variable was included in
a model only if it passed all three tests, showing that its inclusion significantly improved the model.
The residuals of the final models were analysed using the resids function of the sure package
(Greenwell et al. 2018), which uses surrogate residuals (Liu & Zhang 2018), as ordinal logistic
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regression models cannot be analysed directly using common tools for residual analysis, and were found
to have normal distributions on both tails of the distribution. As will be explained in the following
sections, certain variables were only tested on subsets of the data, as not all factors are relevant for all
words (e.g., coda place and manner are applicable only to vowels in closed syllables).

4. Results
4.1. Non-derived words

This section deals with monomorphemic words and words formed of a bound root and a suffix, looking
at both initial pretonic position (n = 1,234) and intertonic position (n = 474). Following the procedure
described in §3.3, the final models show effects of SYLLABLESTRUCTURE, SPELLING, LOGFREQUENCY,
FOREIGN and, for intertonic position, WEIGHTSI (recall that this variable is not relevant for initial
pretonic position, where there is no preceding syllable). The regression results for those models are
shown in Table 3.

As the words containing digraphs represent a small part of the data — 60 words in the initial pretonic
data (5%) and 19 words in the intertonic data (4%) — we will detail the results regarding the difference
between digraphs and monographs first and subsequently deal only with monographs. To illustrate
the difference between digraphs and monographs, let us consider only open syllables in Figure 1, as
digraphs hardly ever occur in closed syllables.

Two things can be observed in Figure 1. First, there is a clear difference between the two positions,
as reduced vowels are more common in intertonic position than in initial pretonic position. Second, we
can see an obvious difference between monographs and digraphs, with digraphs more often representing
full vowels than monographs. Examples are shown in (5).

(5) a. Initial pretonic

i. Digraphs: audition /o:"difan/
authority /2:"Oorati/ ~ /o Boroti/
moussaka /mu’sa:ko/

il. Monographs:  antenna /an'tena/
molest /mau'lest/ ~ /ma’lest/
falafel /fa'la:fal/

Table 3. Ordinal logistic regressions for non-derived words in both positions.

Initial pretonic Intertonic
Predictor QOdds ratio 95% C.I p QOdds ratio 95% C.I. p
12 175.14 73.61 — 416.68 <0.001 4.10 0.90 — 18.66 0.068
23 420.21 173.15 — 1,019.83 <0.001 6.91 1.52 — 31.41 0.012
314 870.81 35450 — 2,139.09 <0.001 15.13 3.28 — 69.81 0.001
SYLLSTR-OPEN 26.59 18.27 — 39.63 <0.001 16.10 8.02 — 32.87 <0.001
SYLLSTR-SC 8.50 453 — 15.99 <0.001 5.19 099 — 4241 0.076
LocGFo 1.16 1.10 — 1.22 <0.001 1.25 1.07 — 1.48 0.006
NATV-MONOGRAPH 22.39 11.11 — 50.29 <0.001 0.51 0.26 — 095 0.039
FOREIGN-YES 0.76 0.60 — 0.95 0.015 6.74 1.94 — 21.01 0.002
WEIGHTSI-LIGHT Irrelevant 2.36 1.31 — 432 0.005
AIC 2,677.849 437.126
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Figure 1. Vowels found for digraphs and monographs in open syllables in non-derived words.

b. Intertonic

i. Digraphs: araucaria / aro:'ke:ria/
demoiselle
connoisseur / kona's3:/

ii. Monographs:  incantation /,mkan terfon/
ostentation
pioneer / pars 'nro/

/ demwa:'zel/ ~ / demwa'zel/

/ pstenterfon/ ~ / pston'terfon/

15

If we now focus on monographs (rn = 1, 174 and 455), the distribution of the data based on syllable

structure is shown in Figure 2.

As can be seen from Figure 2, our results confirm the previous literature regarding the effects of

syllable structure on vowel reduction, as there is indeed more vowel reduction in open syllables than
in closed syllables. Syllables in which the vowel is followed by /sC/ seem to constitute an intermediate

class, possibly because these clusters may be parsed heterosyllabically or tautosyllabically. Examples

are shown in (0).

(6) a. Initial pretonic

i. Open:  gigantic
gorilla

it. sC: cascade
estate

iii. Closed: campaign
gestalt

b. Intertonic

i. Open:  cacoethes
propaganda

it. sC: bantustan
balustrade

iii. Closed: chimpanzee
guarantee

/dzar’ gantik/
/ga'rilo/
/kas'kerd/
/1'stert/

/kam'pem/
/gaf talt/

/ kakou'1:0i:2/
/ propa’gando/
/ bantu: 'sta:n/
/ bala'strerd/

/ tfimpan'zi:/

/ garan'ti:/
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Figure 2. Vowels found for monographs in non-derived words depending on syllable structure.
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Figure 3. Proportion of words with a reduced main pronunciation depending on their log frequency.

Our results also confirm that high frequency implies greater rates of vowel reduction. This can be
seen from Figure 3, which shows the proportion of words whose main pronunciation is reduced, for
monographs in open syllables depending on their frequency. As can be clearly seen, the proportion of
reduced vowels increases as frequency increases.

Our results also bring forward a new finding: foreign words undergo less vowel reduction than words
that are not foreign, and this effect is independent of frequency.!' Moreover, there is an effect of the
weight of the first syllable in the intertonic position, which is reminiscent of the ‘Arab Rule’. The
latter could not be tested specifically, as there are too few words with a closed second syllable to test
the possible difference between those closed by coronal obstruents and those closed by non-coronal

' There is no statistically significant difference between the frequencies of the words coded as foreign and that of those
coded as non-foreign (Mann—Whitney U test; initial pretonic: W = 164,217, p = 0.1885; intertonic: W = 25,911, p = 0.70).
Following a suggestion from one of the editors, we also tested for an interaction between frequency and foreignness, which was
non-significant in both positions.
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Table 4. Ordinal logistic regression for the subset of words containing one of the four monographs

{(a, e, 0, U).

Initial pretonic Intertonic
Predictor QOdds ratio 95% C.I. p QOdds ratio 95% C.I. p
12 6.61 432 - 10.12 <0.001 0.59 0.23 — 1.50 0.265
23 22.62 1429 — 3581 <0.001 1.08 043 — 2.71 0.876
3|14 60.93 37.69 — 98.50 <0.001 2.67 1.05 - 6.83 0.040
SYLLSTR-OPEN 55.28 36.30 — 86.16  <0.001 20.39 9.71 —44.13 <0.001
SyYLLSTR-SC 7.82 399 — 1537 <0.001 3.37 0.58 — 28.44 0.205
LoGFREQUENCY 1.19 1.12 — 1.25 <0.001 1.23 1.05 — 1.46 0.016
GRAPHEME-E 1.14 084 — 1.55 0412 0.84 036 — 2.02 0.694
GRAPHEME-O 0.20 0.14 — 0.28 <0.001 0.26 0.11 — 0.58 0.001
GRAPHEME-U 0.02 0.01 — 0.04 <0.001 1.15 034 — 4.76 0.830
WEIGHTSI-LIGHT Irrelevant 2.51 1.31 — 490 0.006
AIC 2,167.078 369.182

obstruents, but there does seem to be an interaction between the weight of the first syllable and vowel
reduction in the second syllable. Finally, we could not find any effects of the nature of the coda
(tested through Copa-PLACE and Copa-MANNER). This was tested in the subset of words with a closed
syllable and a vowel monograph (146 and 45 words), and neither variable was found to improve the
models.

The variable GRAPHEME was tested on the subsets of 1,102 and 408 words with one of the four
monographs (a, ¢, 0, u) along with the variables used in the models reported above, with the exception
of FOREIGN, which caused models to fail to converge. GRAPHEME was found to significantly improve
models. The models are shown in Table 4, and the distribution of the data among open and closed
syllables is shown in Figure 4 (vowels followed by /sC/ are left out for clarity, and because several
categories have very small numbers of relevant forms).

What those results show is that, overall, (o) and (u) rarely represent reduced vowels, especially
in initial pretonic position, while (a) and (e) often do. However, (a) patterns with (o) and (u) before
(rC), where it is almost systematically realised as /a:/. It may only reduce in intertonic position, and
only optionally. This observation, along with the greater resistance of (o) and (u) to vowel reduction,
could be interpreted as a sign that back vowels resist more than front vowels. However, we should be
cautious in interpreting the results regarding (u) because Wells (2008), our source of pronunciations
for the intertonic data, tends to use the symbol /u/ more often than Jones (2006), our source for the
initial pretonic data (as discussed in §3.1). The difference in behaviour for (u) that one may be tempted
to see in Figure 3 may actually be an artefact of the different transcription systems used in the two
dictionaries.

4.2. Prefixed words

This section deals with prefixed words, focusing on reduction in monosyllabic prefixes. Therefore, we
are only concerned with initial pretonic position here (n = 1,997). This data set contains only vowel
monographs; 1,271 words were coded as OPAQUE (e.g., arise, confess, exploit) while 726 were coded
as TRANSPARENT (e.g., co-author, desexualize, unaspirated). We ran ordinal logistic regression with an
additional variable, TRANSPARENCY, to encode that difference. The results of that regression are shown
in Table 5, and the distribution of the data is shown in Figure 5. Examples are shown in (7).
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Figure 4. Vowels found for depending on syllable structure and grapheme, among {a, e, o, u).

Table 5. Ordinal logistic regression for prefixed words.

Predictor Odds ratio 95% C.I p
12 0.31 022 — 044 <0.001
23 1.00 0.75 — 1.35 0.984
34 3.10 230 — 4.16 <0.001
SYLLSTR-OPEN 8.81 6.74 —11.58 <0.001
SYLLSTR-SC 3.92 222 — 7.22 <0.001
LOGFREQUENCY 1.24 1.19 — 1.30 <0.001
TRANSPARENCY-TRANSPARENT 0.01 0.00 — 0.01 <0.001
AIC 2,134.460
(7) a. Opaque
i. Open: abide /o' bard/
occult /a'kalt/
dilate /dar’lert/ ~ /d1'lext/
diverse /dar'vs:s/
ii. Closed: complicit /kom plistt/
obstruct /ab ' strakt/
extinct /1kstikt/ ~ /ek’stigkt/
ensign /en'sam/
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Figure 5. Vowels found in the two types of prefixed words depending on syllable structure.

b. Transparent

i. Open:  deform /dr' fo:m/
atonic /ex tonik/ ~ /a"tonik/ ~ /2" tonik/
desexualize  /di: sekfualarz/
unable /A'nerbal/

ii. Closed: abnormal /ab'no:mal/ ~ /ab 'no:moal/

subclassify  /sabklasifar/
transship /trans’ [ip/
unlock /an’'lok/

These results confirm the effects of syllable structure and frequency in prefixed words, although
a closer look at the data shows that transparent prefixed words do not appear to be sensitive to
frequency, and almost systematically have full vowels, as shown in Figure 6. This is consistent with
analyses which posit that in these words, the prefix is phonologically independent from the base
(see fn. 3).

We observe a clear difference between opaque prefixed words and transparent prefixed words, but
also that the reduction rates found here for opaque prefixed words differ strongly from those of non-
prefixed words reported in the previous section. This confirms the numerous observations made in
the literature regarding the reduction behaviour of opaque prefixes. Finally, it should be noted that
this inventory displays considerably more stress variation than the rest of the data set: 56 opaque
prefixed words have a variant in which the first vowel is stressed (25 for which the dictionary shows a
secondary stress mark, 31 with a primary stress mark), while 426 transparent prefixed words (59%)
have such a variant (421 with a possible secondary stress mark, 5 with a possible primary stress
mark).

4.3. Stress-shifted suffixal derivatives

This section deals with suffixal derivatives in which the primary stress is shifted rightwards relative to
its position in the corresponding base. The syllable of interest is stressed in the base, and so the bases
have stress on the first syllable for derivatives where we are looking at the initial pretonic position
(n = 590), or on the second syllable for intertonic position (n = 199).
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Figure 6. Proportion of words with a reduced main pronunciation depending on the type of prefixed
word.

As in non-derived words, vowels represented by digraphs are mainly found in open syllables and
are often full vowels. In derivatives, their numbers are too low to include them in statistical models:
23 in initial pretonic position and 5 in intertonic position. In intertonic position, there are only 11 items
for which the vowel is followed by /sC/, and so we also excluded this configuration from statistical
analyses. The following results are therefore based on 567 words for initial pretonic position and 184
words in intertonic position.

In order to test possible effects of base frequency, we tested four different configurations for the
frequency variables alongside the other predictors: derivative frequency alone; absolute base and
derivative frequency; relative frequency; and relative frequency with absolute derivative frequency.
Then, we simplified the models following the procedure described in §3.3. As base and relative
frequencies can be correlated, we systematically checked if this was a potential issue in our models using
the Variance Inflation Factor (VIF; Zuur ef al. 2010). This was implemented using the vif function of
the car package, which identified no potentially harmful collinearity, as no variable ever had a VIF
measure above 3.

The best models, shown in Table 6, reveal effects of SYLLABLESTRUCTURE, LOGFREQUENCY and
MoRrPHOLOGY which are consistent with the results found for non-derived words. Those imply that a
vowel is less likely to reduce if:

+ the vowel is in a closed syllable;
+ the word has a low frequency; or
+ the vowel is not part of an opaque monosyllabic prefix.

However, in intertonic position, no effect of WEIGHTSI can be identified in this data set. Now, turning
to the variables that are specific to stress-shifted derivatives, we find effects of the characteristics of
the vowel in the base and of variables meant to measure segmentability. For vowel characteristics,
the results are not consistent across the two positions: we find an effect of VOWELQUANTITY (short
vowels being more likely to reduce than long vowels) and BAcK in initial pretonic position (vowels
coded as [+back] are less likely to reduce than those coded [—back]). In intertonic position, we have an
effect of HIGH, as [+high] vowels reduce more than [—high] vowels. Examples illustrating the different
configurations for VOWELQUANTITY, BAcK and HIGH are shown in (8) and (9).
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Table 6. Ordinal logistic regression for stress-shifting derivatives.
Initial pretonic Intertonic
Predictor Odds ratio 95% C.I. p Oddsratio 95% C.I p
12 746  3.74 — 14.90 <0.001 044 0.17 — 1.15 0.093
23 2991 1431 — 62.55 <0.001 1.64 0.64 — 425 0.303
3|14 123.89 56.54 — 271.44 <0.001  4.63 1.74 — 12.31 0.002
SYLLSTR-OPEN 17.61 11.15 — 28.50 <0.001 7.66  4.00 — 15.11 <0.001
SYLLSTR-SC 0.30 0.08 — 0.89 0.047 Not enough data
LOGFREQUENCY 1.17 1.09 — 1.26 <0.001 1.42 1.26 — 1.62 <0.001
LoGFREQUENCY-BASE 1.09 1.01 — 1.18 0.026 No effect
MORPHOLOGY-PREFIXED 16.46 891 — 31.31 <0.001 Irrelevant
VOWELQUANTITY-Short 2.16 1.44 — 3.26 <0.001 No effect
BACK-YES 025 0.17 — 0.37 <0.001 No effect
HiGH-YES No effect 5.99 1.68 — 28.86 0.012
SEMANTICTRANSPARENCY-YES 0.67 046 — 0.96 0.031 0.25 0.10 — 0.61 0.003
WEIGHTSI-LIGHT Irrelevant No effect
AIC 1,158.773 379.471
(8) Initial pretonic position
a. Long, [+back]
/a:/ - /a:/ balsam + balsamic /a:/ - /af ball + balloon
author + authorial
formal « formality
/Gya:/ - /Gyu:/  brutal « brutality /Gw/ - v/ cupid + cupidity
human * humanity dual * duality
Pluto ¢ plutonian fluid + fluidity
la/ - Ja:/ harmony * harmonious fa/ - /of drama + dramatic
plant + plantation
sarcasm ¢ sarcastic
/a1/ - /at/ cite ¢ citation /at/ - i/ quiet * quiescence
climate + climatic quiet * quiescent
iamb + iambic
b. Long, [~back]
et/ - let/ aphid « aphidian Jet/ - /of basic + basicity
chaos + chaotic maniac * maniacal
deist + deistic stable + stability
N/ -h~i/ equal * equality fi:/ - W/ demon + demoniac
feline « felinity gene + genetic
theme * thematic secret # secretive
c. Short, [+back]
/o/ - o/ bombast + bombastic /o/ - 1o/ comedy + comedian

POMPOUS ¢ pomposity
toxic ¢ toxicity
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RN custody + custodial IVEYEY courage * courageous
Jjudgment + judgmental substance + substantial
sulphur + sulphuric substance * substantiate

d. Short, [-back]

/al - /a/ active * activity /al - /af acid + acidic
ancestor + ancestral galaxy * galactic
fragment ¢ fragmental malice * malicious

/e - Ie/ central + centrality e/ -1 ~al definite * definitive
ethnic ¢ ethnicity edit * edition
Neptune + neptunian remedy ¢ remedial

(9) Intertonic position
a. [+high]

h/ -/ acoustic * acoustician
compute ¢ computation
refute + refutation

i/ -l ~1/ compete * competition
Mpycenae + Mycenaean

b. [~high]

121/ - 1ot/ exalt « exaltation A VEYEY inform « information
exhort * exhortation notorious * notoriety
debauch + debauchee restore * restoration

/al - /a/ contractile * contractility /al - /af academy ¢ academic
recant  recantation Japan + Japanese
refractive ¢ refractivity magnanimous * magnanimity

/el - /e/ accept * acceptation e/ -lo~1 gazette » gazetteer

director + directorial
molest « molestation

ingenuous * ingenuity
Vienna + Viennese

As can be seen in (9), the feature [£high] here distinguishes /i:/ and /(j)u:/ from other vowels
(remember that /1/ and /u/ are almost systematically excluded from the data), and most [+high] cases
are words in which the base has /(j)u:/. We saw in §3.1 that there are disagreements between our two
sources regarding that vowel, and so those results should probably be interpreted with caution. In order
to see if this variable affected our final model, we tried excluding HiGH from the start of the model
simplification procedure, and then went on with gradually removing predictors that do not satisfy the
conditions described in §3.3. No other predictors made it to the final model except those that are
present alongside HIGH in Table 6, and the model has a higher AIC than that in Table 6 (385.4849
vs. 379.471). Therefore, HIGH does not affect which predictors are included in the model. The results
regarding VOWELQUANTITY and BACK in initial pretonic position seem more robust, as they contrast
more different vowels. The effect of the feature [+back] is somewhat consistent with the results reported
for GRAPHEME in non-derived words, in which we found that (o) and (u) (which always represent
[+back] vowels) are less often reduced than (a) and (e) (which rarely represent [+back] vowels).

The results are also unclear regarding the variables meant to measure segmentability. We do find
an effect of SEMANTICTRANSPARENCY in both positions, but the effects of base frequency are quite
intriguing. In initial pretonic position, we do find an effect of base frequency, and the best model
(reported in Table 6) is one which includes absolute base and derivative frequencies. However, the
effect is in the opposite direction from what the segmentability hypothesis predicts: the more frequent
the base is, the more likely the vowel is to be reduced. In that same position, we also found a model
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Table 7. Ordinal logistic regression for all words with one of the four monographs (a, e, o, u).

Initial pretonic Intertonic
Predictor Odds ratio 95% C.1. )4 Odds ratio  95% C.I. )4
12 2.93 228 — 3.77 <0.001 0.27 0.14 — 0.52 <0.001
23 9.57 7.36 —12.45 <0.001 0.74 039 — 141 0.363
314 28.97 21.99 —38.17 <0.001 2.01 1.05 — 3.84 0.034
SYLLABLESTRUCTURE-OPEN 16.25 13.16 —20.17 <0.001 16.79 9.84 -29.23 <0.001
SYLLABLESTRUCTURE-SC 2.74 1.87 — 4.02 <0.001 0.62 0.23 — 1.66 0.344
LoGFREQUENCY 1.23 1.19 — 1.27 <0.001 1.35 1.22 — 1.50 <0.001
GRAPHEME-E 0.80 0.66 — 098 0.035 0.97 0.53 — 1.79 0929
GRAPHEME-O 0.40 0.32 — 0.49 <0.001 0.33 0.18 — 0.59 <0.001
GRAPHEME-U 0.09 0.06 — 0.13 <0.001 1.70 0.77 — 395 0.201
DERIVED-YES 0.58 0.47 — 0.70 <0.001 0.16 0.10 — 0.27 <0.001
MORPHOLOGY-PREFIXED 13.72 11.03 —17.17 <0.001 Irrelevant
AIC 5,093.552 743.374

in which relative frequency is a good predictor of vowel reduction, but it requires the exclusion of
SEMANTICTRANSPARENCY, and the overall AIC of the model is far higher than the one reported in
Table 6 (1,195.019 vs. 1,158.773). In this model, the direction of the effect for relative frequency goes
in the expected direction: the more frequent the derivative relative to the base (so the higher relative
frequency), the more likely the vowel is to be reduced. In intertonic position, no base frequency variables
(absolute or relative) made it into the final model, and so base frequency cannot be considered a good
predictor of vowel reduction in that position in stress-shifted derivatives.

4.4. Non-derived words vs. stress-shifted derivatives

The results reported in the previous sections show no clear effects of segmentability. However, we
may try to compare non-derived words to stress-shifted derivatives in a more categorical way so as to
establish whether or not the existence of a base with primary stress on the relevant vowel reduces the
probability of reduction (as in the condensation—compensation contrast), as claimed in the literature
reviewed in §2.3. The comparison between the two data sets is complicated because the variables
encoding vowel properties are not the same. Indeed, in non-derived words, as we do not always have
access to a surface vowel, we used spelling as a way to approach how different types of vowels behave.
Therefore, we ran regression analyses using the GRAPHEME variable, as it is the only information that
we can compare across the different data sets. We ran these analyses using SYLLABLESTRUCTURE,
LoGFREQUENCY, MORPHOLOGY (for initial pretonic position only) and an additional variable DERIVED
with two possible values (YEs or No). Regarding the effects of vowel characteristics, we will only report
the results for the subsets of words that contain one of the four monographs (a, e, o, u), but we also ran
models with the full data set and found similar results and a significant effect of SPELLING. Those data
sets contain 3,617 words in initial position and 587 in intertonic position. The results of the regression
analysis are shown in Table 7.

The results shown in Table 7 confirm once again the effects of SYLLABLESTRUCTURE, LOGFRE-
QUENCY, GRAPHEME and MORPHOLOGY. Moreover, they show a strong effect of DERIVED in both
positions, which shows that having a base with stress on the relevant vowel significantly reduces the
chances of reduction in the related derivative. The distribution of the data is shown in Figure 7 for non-
prefixed words and in Figure 8 for prefixed words.
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Figure 7. Vowels found for monographs {a, e, o, u) in non-prefixed derived and non-derived words,
for both positions and depending on syllable structure.
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Figure 8. Vowels found for monographs {a, e, o, u) in derived and non-derived words containing an
opagque prefix, for both positions and depending on syllable structure.

Two main things can be observed in these figures. First, although we did not find any clear
segmentability effects in derivatives, we do find a significant difference between derived and non-
derived words in all configurations. Second, the behaviour of vowels preceding /sC/ clusters patterns
with that of vowels in closed syllables in derived words, with very little reduction, whereas the reduction
rates found in non-derived words before /sC/ were between those for open syllables and those for closed
syllables. Let us now turn to the interpretation of these results.

5. Discussion

In this section, we summarise the evidence that our study has provided and how it relates to the literature
reviewed in §2, and then we turn to the implications of our results.
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5.1. The determining factors of vowel reduction

The study we have just presented is the most comprehensive to date on the issue of vowel reduction in
English, as it is the only one to have tested such a variety of factors on so large a data set. We found
that certain factors were indeed significant predictors of vowel reduction, while no evidence could be
found for others, and we found evidence for new factors not previously proposed in the literature.

First, our results confirm the importance of position, as we observe considerably more vowel
reduction in intertonic position than in initial pretonic position. We also report clear evidence of the
role played by syllable structure, with vowels in closed syllables being less often reduced than vowels
in open syllables, and those followed by /sC/ clusters showing a somewhat intermediate behaviour in
non-derived words. We have strong evidence of the role played by frequency, and we found that it
can be confirmed independently of effects attributable to foreignness. We also have clear evidence that
opaque prefixes favour reduction in initial pretonic position, and that words containing such prefixes
are different in that regard from both non-prefixed words and transparent prefixed words. This latter
point will be discussed in §5.4.

Then, there is weak evidence for other factors. Vowels spelled with digraphs appear to reduce less
than those spelled with monographs, although we cannot test whether this is attributable to the fact
that digraphs may represent certain types of vowels that happen to reduce less. The only data set in
which it might have been possible to do this is in stress-shifted derivatives, as both phonological and
orthographic source vowels are available, but we did not have enough data for digraphs to include them
in the analysis. We have some evidence for an influence of the weight of the first syllable on vowel
reduction in intertonic position, although this factor was found to be a significant predictor only in non-
derived words. We have evidence from the derived-words data set that long vowels reduce less than
short ones, in line with Chomsky & Halle’s (1968) claim. We have evidence regarding the role played by
the existence of a base in which the vowel is stressed, as stress-shifted derivatives reduce significantly
less than non-derived words, but no clear segmentability effects could be found. We discuss this latter
point in §5.2.

However, we found no effects of the nature of the coda in closed syllables. The effects of
segmentability are contradictory, as we do find an effect of semantic transparency in both positions,
but we only find an effect of base frequency in initial pretonic position, and it goes in the opposite
direction from that predicted by the segmentability hypothesis.

Finally, our study has allowed us to bring forward three observations which have not been made
previously in the literature. First, we confirmed Dabouis & Fournier’s (2022) hypothesis that words
which can be identified as foreign undergo less reduction than the rest of the lexicon, even though this
is a small difference. Second, our results show that, in initial pretonic position, derived words for which
the vowel in the base is [+back] undergo less reduction than those for which the vowel in the base is
[-back], and this is consistent with the observations made in non-derived words, where it was found
that orthographic (o) and (u), which are often realised as [+back] vowels, reduce less than (a) and (e},
which are almost never realised as [+back]. Those results are consistent with those reported by Tokar
(2019), who finds that (o) reduces less than (a) in open syllables in initial pretonic position. We also
found an effect of [+high] in intertonic position, but, as discussed above, that result may not be reliable.
Finally, we found a difference between derived and non-derived words regarding vowels followed by
/sC/, for which we propose an interpretation in §5.3.

5.2. Preservation and segmentability

One of the main aims of this article was to establish whether there is empirical support for the kind
of vowel preservation described by Chomsky & Halle (1968) in their discussion of the condensation—
compensation pair. Our results confirm that there is a difference between words that have a base in
which the vowel bears a stress and those that do not, as vowels are less often reduced in the former than
in the latter. As pointed out by many before us, this is not a categorical difference. This is not really

https://doi.org/10.1017/50952675725100122 Published online by Cambridge University Press


https://doi.org/10.1017/S0952675725100122

26 Quentin Dabouis & Jean-Michel Fournier

surprising, considering that our results show that vowel reduction is a highly variable phenomenon that
is determined by many different factors, and so the requirement that the vowel of the base should be
preserved appears to be one constraint among others.

Another finding regarding identity relationships between words is the absence of clear evidence of
segmentability effects, which we tested through (absolute and relative) base and derivative frequencies
and through semantic transparency. We do find effects of semantic transparency, but we find effects of
base frequency only in initial pretonic position, and the effect of the base is opposite from the prediction
of the segmentability hypothesis. The hypothesis would predict that a higher base frequency should
reduce the likelihood of vowel reduction. Thus, our results are different from those reported by Kraska-
Szlenk (2007) (who uses only a small sample of words in intertonic position, in which the vowel may
only be followed by a sonorant), but are similar to those reported by Hammond. Hammond (2003: 44)
reports the same effect of base frequency in intertonic position, and proposes that ‘the frequency of a
complex derived form is a partial function of the frequency of its part’. This means that we would expect
more reduction if the cumulated frequency of the base and its derivative is higher. We tested that idea
by fitting models using cumulated base and derivative frequencies (as /n(derivative frequency + 1) +
In(base frequency+ 1)), but those models are not better than the ones reported in §4.3. It is possible that,
as Hammond suggests, we actually need to take the overall frequency of the components into account,
which would require us to consider the frequencies of the whole morphological family, not just those
of the base and the derivative (see the last paragraph of this section). It is also possible that fusing the
two frequencies together is not a good option, as their effects may differ in magnitude, since the local
base often has a closer formal and semantic connection to the derivative.

One possibility is that the dictionary data are not fine-grained enough to allow for the clear
identification of segmentability effects. Arndt-Lappe & Dabouis (in preparation) report a study on
weak stress preservation with both dictionary data and speech data; they do not find any segmentability
effects in the former, but they do find such effects in the latter. Therefore, another possibility is that
segmentability effects are difficult to detect in dictionary data for this process, but might be more
easily detected in speech data. Arndt-Lappe & Dabouis’s speech data also includes derivatives with a
higher frequency than those of their dictionary data, which may also explain the difference: frequency
effects might be visible only in certain frequency ranges. Therefore, future research could test the
same variables as those used in this study using speech data to establish whether or not any effects
of segmentability can be observed.

Finally, we could consider base—derivative identity from another perspective than that of seg-
mentability. The hypothesis relies on dual-route race models of lexical access, in which only embedded
bases are considered. Most approaches use the local base (e.g., connective + connectivity), but some
consider more deeply embedded bases (e.g., connect ¢ connective ¢ connectivity; Bermudez-Otero 2007,
Dabouis 2019). Other approaches, notably Lexical Conservatism (Steriade 1997; Steriade & Stanton
2020; Breiss 2021), assume that other words from the morphological family may be used as bases.
Analogy-based frameworks (e.g., Arndt-Lappe 2015) also do not impose restrictions on containment
or locality of potential analogues (i.e., words used as models in the computation of another word).
Therefore, it is possible that in order to account for the difference between stress-shifted derivatives and
non-derived words, we need to include other words from the morphological family of the derivative.
Future studies will have to establish whether that can be useful, and, if other bases are relevant, whether
only one should be considered or whether there can be simultaneous influences from multiple bases.
For example, can vowel reduction be better predicted if, instead of using the frequency of the local
base, we use the cumulated frequencies of all the words in the morphological family of the derivative
that have stress on the relevant vowel (e.g., conduict, condiictive, conductance, conduction, conductor,
conductress for conductivity)? Exploratory work conducted by Dabouis (2023b) on vowel reduction in
English suggests that this can be a fruitful area to explore.
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5.3. /sC/ clusters

Our results show that in non-derived words, the rates of vowel reduction for vowels followed by /sC/
clusters are between those observed for vowels in open syllables and those observed for vowels in closed
syllables, but we found them to pattern with closed syllables in derived words. The syllabification
of these clusters is notoriously controversial, as they can appear in word-initial position and thus
may be taken to be a well-formed onset, although the fact that they usually have falling sonority
suggests that /s/ should be analysed as a coda. One possibility is that these clusters sometimes syllabify
heterosyllabically and sometimes tautosyllabically, and we could take our results to mean that words
with full vowels are those in which /s/ is syllabified as a coda (as in (10a)), while those with reduced
vowels are those in which /s/ is syllabified as part of a complex onset (as in (10b))."?

(10) a. Heterosyllabic parsing: prestige b. Tautosyllabic parsing: astute
c c c c
/N N
O NCONC N O NC
NI [N
pre s ti 3 ostju t

Considering that in derived words, vowels followed by /sC/ pattern with vowels in closed syllables,
we can assume that these words have structures such as that in (10a). Our hypothesis as to why this
would be the case is that syllabification is inherited from the base, and this is possible if we accept two
assumptions: that stressed vowels force a following /sC/ cluster to be syllabified heterosyllabically,
and that prosodic structure (here, syllable structure) may be partially preserved, even if there are
modifications in prosodic structure elsewhere in the word when an stress-affecting suffix is attached.
The former can be taken to be a form of coda maximization (Wells 1990) or a requirement that stressed
syllables be heavy (Duanmu 2015), while the latter is similar to Davis’s (2005) analysis of the pair
capitalistic vs. militaristic. Davis assumes that /t/-flapping is phonologically unexpected in capitalistic
and is attributable to preservation (analysed as ‘paradigm uniformity’) of the prosodic structure of
capital. To summarise our analysis with an example, we assume that the /sC/ cluster in plastic is
syllabified heterosyllabically, and that /s/ is maintained in the coda of plasticity, thus explaining why
the first vowel remains non-reduced /a/. This is to be contrasted with non-derived words such as those
in (10a), for which the syllabification of /sC/ may vary.

5.4. Opaque morphology and phonology

The observation that semantically opaque prefixes behave differently from both transparent prefixed
words and non-prefixed words needs to be commented upon, as some might be reluctant to include
units such as ad-, con-, -mit or -ceive among possibly relevant morphological units, since they do not
fit classical definitions of the morpheme. Let us directly compare initial pretonic vowels in non-prefixed
words (seen in §4.1) with those in words containing an opaque prefix (§4.2). If we consider only the
main pronunciation and only open and closed syllable for a clearer comparison, the difference is striking,
as can be seen in Figure 9.

Indeed, we can see that words with an opaque prefix have a reduced vowel in 97% of words with
an open syllable, as opposed to 69% for non-prefixed words. This difference is even more striking in
closed syllables, with 80% of vowels reduced in words with opaque prefixes, as opposed to 7% in non-
prefixed words.

This is not the only phonological behaviour that distinguishes opaquely prefixed words from
morphologically simple words: there are also differences in stress placement in verbs (Chomsky &

12 An alternative suggested to us by one of the editors is that the intermediate behaviour of /sC/ clusters might be taken as
evidence that the /s/ is ambisyllabic (Kahn 1976).
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Figure 9. Main pronunciation of the vowel in the initial pretonic syllable of non-derived words which
contain an opaque monosyllabic prefix and those which do not.

Halle 1968; Guierre 1979; Dabouis & Fournier 2023), the diachronic evolution of stress in verb—noun
pairs (Sonderegger & Niyogi 2013), stress preservation (Dabouis 2019) and the phonotactics of word-
medial consonant clusters (Guierre 1990; Hammond 1999). There is also considerable evidence from
psycholinguistics that such words are analysed and stored as complex words, from lexical decision tasks
(Taft & Forster 1975; Taft et al. 1986; Taft 1994; Forster & Azuma 2000; Pastizzo & Feldman 2004),
reading studies (Rastle & Coltheart 2000; Ktori et al. 2016, 2018) and ERP (McKinnon et al. 2003). The
structural property of these words that has most often been put forward to account for the emergence
of units such as -mit or ad- in the absence of clear semantic support is the distributional recurrence of
most of the prefixes and roots involved (Taft 1994; Fournier 1996; Forster & Azuma 2000), but there
are also other possible elements contributing to this emergence (see Dabouis & Fournier 2025 for a full
discussion). Our study therefore provides additional evidence that such units are relevant for phonology,
and that phonological theories should be able to refer to opaque morphological structure.

Raffelsiefen (2007) argues that the difference in initial pretonic vowel reduction between prefixed
and non-prefixed words has to do with their syntactic category: nouns do not have reduced vowels, but
verbs do. However, she only uses disyllabic examples to support her claim, and Dabouis & Fournier
(2025) show that it is impossible to tease that claim apart from the alternative that the difference
in reduction behaviour is attributable to prefixation in disyllables. Our data show that the difference
between prefixed and non-prefixed words is highly significant, even though the latter are often nouns
or adjectives and can be longer than two syllables. The difference persists in stress-shifted derivatives,
with the proportion of full vowels being lower in prefixed words in both open syllables (48% vs. 80%)
and closed ones (9% vs. 73%). This last observation is potentially a problem for cyclic theories such
as Stratal Phonology that assume a form of bracket erasure, such that morphosyntactic information
from earlier cycles is not visible to the phonology. Such a model would not predict, for example, that
the vowel of conceptual (¢ concept) should reduce while that of pomposity (+ pompous) should not,
because the information that conceptual is prefixed should not be available: this information should be
lost after the phonological representation of concept has been computed (and lexically stored).

One aspect of the phonology of those opaque prefixes which remains to be explored is the possible
effects of the frequency of each prefix. As mentioned in §2.4, Hammond (2003) suggests that the high
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frequency of those prefixes explains why they are so often reduced. Thus, future research could extend
the present study by integrating a measure of prefix frequency, and Hammond’s claim would predict
that prefixes with higher frequency reduce more than those with lower frequency.

6. Conclusion

In this article, we have defined our object of study, vowel reduction and preservation in English, and
reviewed the proposals made in the literature regarding what influences these processes. We have
presented the most comprehensive study to date on the issue using dictionary data, with control data
sets to establish how reduction functions in the absence of preservation effects. Our results show which
structural, morphological and lexical factors influence vowel reduction and confirm that the existence
of a base in which the vowel is stressed disfavours vowel reduction, although we have inconsistent
results regarding segmentability. Our results have also shown that vowels followed by /sC/ clusters
pattern with those in closed syllables in stress-shifted derivatives, but not in non-derived words, and we
have suggested that this could be attributed to preservation of syllabic structure from the base, where we
assume that these clusters are parsed heterosyllabically. Finally, we saw that our results fall in line with
a number of previous studies dealing with semantically opaque prefixes and support the idea that these
units are relevant for phonological computation.

Data availability statement. The full data sets and R scripts used in this article are available on OSF: https://osf.io/qbenv/.
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