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Abstract

We show that in the English lexicon, voicing alternations in the plural
impact monosyllables more than finally-stressed polysyllables. is is the
opposite of what happens typologically, and would thereby run contrary
to the predictions of initial syllable faithfulness. However, in a wug-test
we found that monosyllables are impacted just as much as finally-stressed
polysyllables—a “surfeit of the stimulus” effect, in which speakers fail to
learn a statistical generalization present in the lexicon. We then present two
artificial grammar experiments inwhich English speakers in fact demonstrate
the universal bias for protecting monosyllables and initial syllables more
generally. e conclusion, therefore, is that speakers can exhibit spontaneous
learning that goes directly against the evidence offered by the ambient
language, a result aributed to Universal Grammar, which provides a set
of formal and substantive biases in phonological acquisition.

 Introduction

It is now quite generally known that ‘underlearning’ exists for unnatural linguistic

paerns, and that language learners do not demonstrate equal willingness to

generalize every statistical robust paern in their lexicon. For example, focusing

on paerns created by morphophonological alternations, Becker et al. ()

offer a set of results in Turkish in which speakers learned natural phonotactic

paerns and did not generalize unnatural paerns, even when robustly present

in their lexicon. At the same time, Hayes et al. () found a result with
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Hungarian allomorph selection in which unnatural paerns are underlearned, but

not completely ignored. In the current paper, we focus on a particular unnatural

paern found within the lexicon of English, in which monosyllables are impacted

by voicing alternations (e.g. knife ∼ knives) more than polysyllables are. is

paern would seem to contravene the widespread crosslinguistic generalization

that initial syllables aremore protected from alternations than non-initial syllables.

We show that the paern in the English lexicon goes unlearned in a nonce word

task, and thenmove on to show that in two distinct artificial language experiments,

English speakers in fact prefer the opposite paern, and asymmetrically protect

initial syllables.

e larger contribution of this paper is to demonstrate that phonological

learning operates differently when generalizing from initial syllables to other

syllables than from when generalizing to initial syllables from other syllables. We

demonstrate that generalization in the former direction is much more robust, even

when the two paerns are given equal statistical representation in the learning

sequence (and in fact, even when the balance is decidedly tipped in the opposite

direction, as in the lexicon of English).

We start in § with a survey of initial syllable protection effects in a variety

of languages, and establish the cross-linguistic preference for protecting initial

syllables, and monosyllabic stems – a particular subclass of initial syllables – from

alternations. en, § offers results from a survey of the English lexicon, showing

that English has a preponderance of impacted monosyllabic items. is anomaly

of the English lexicon is contrasted in § with a nonce word task (“wug test”,

Berko ), where we see that monosyllables are impacted just as much as finally-

stressed polysyllables. In other words, English speakers ignore the anomalous

distribution in the lexicon (“surfeit of the stimulus”, Becker et al. ), and adopt

a grammar that impacts monosyllables and polysyllables equally.

In §, we present results from an artificial language experiment (a “poverty of

the stimulus” experiment) that aims to bring out the protection of monosyllables in

English speakers. We show that English speakers choose to protect monosyllables,

confirming that they are subject to the same bias that shapes the typology we

surveyed. In §, we go beyond monosyllables to show that English speakers

protect the initial syllables in polysyllables as well. e results are interpreted in

§ in terms of a universal approach to faithfulness in Optimality eory (Prince

& Smolensky /), aributing the protection of monosyllables to initial
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syllable faithfulness (Trubetzkoy ; Steriade ; Beckman , ; Casali

; Barnes ; Jesney ; Becker ; Becker et al. ). Concluding remarks

are offered in §.

 Typology: Initial syllables are protected from alternations

In this section, we survey the known typology of size-dependent local mor-

phophonological alternations. We show that when alternations are sensitive to

phonological size, they are skewed towards protection of monosyllables. is

means that there is an implicational relationship: Alterations in monosyllables

imply alternations in polysyllables, but not vice versa. In terms of Berwick ();

Manzini & Wexler (), a language that allows alternations only in polysyllables

is a subset language, and serves as the learner’s default assumption; in Optimality

eory, subset relationships are expressed in terms of ranking biases, such as the

preference for specific faithfulness over general faithfulness (Smith ; Hayes

; Tessier ). Exposure to alternations in monosyllables will force the

learner to adopt a more permissive grammar that allows alternations in both

monosyllables and polysyllables. Crucially, there is no grammar that allows

alternations only in monosyllables.

We start with an example of what we mean by a local morphophonological

alternation, using the Slovenian adjectival suffix [-ən]. As the examples in () show,

this affix palatalizes the stem-final consonant. Our consultant, Peter Jurgec, reports

that this alternation applies without exception to all nouns that end in k, as well
as to several other consonants (see also Toporišič ). But the alternation is

morphophonological in that it is specific to this affix, as seen from the lack of

palatalization in the monomorphemic [ˈpə́kəw] ‘hell’ or the diminutive [ˈʧúk-əʦ]

‘owl.’.

() A regular local morphophonological alternation in Slovenian

base noun adjective

ˈbók ˈbóʧ-ən ‘hip’/‘lateral’
ˈznák ˈznáʧ-ən ‘sign’/‘marked’
baˈɾók baˈɾóʧ-ən ‘Baroque./’
oˈtɾɔḱ oˈtɾòʧ-ən ‘child’/‘childish’

Tamil seems to offer a case that is like Slovenian, except that monosyllables are

protected from alternations, as illustrated in (). Here, [n] becomes [ŋ] before the
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plural suffix [-ɡə], but [n] is protected from change in the initial syllable (Christdas

; Beckman , ).

() Monosyllables protected in Tamil

singular plural

miːn miːn-ɡə ‘fish’
maːn maːn-ɡə ‘deer’
makən makəŋ-ɡə ‘son’
pajːən pajːəŋ-ɡə ‘boy’

What’s missing from the picture is the mirror-image of Tamil, i.e. a local mor-

phophonological alternation that impacts stem-final segments in monosyllables

but not in polysyllables. We show the range of known languages with the Venn

diagram in ().

() Alternations in initial syllables imply alternations in non-initial syllables:

Slovenian

Tamil

Alternations allowed in all syllables

Alternations allowed
in non-initial syllables

A wider range of examples becomes available if we look at alternations that also

have lexical exceptions. e best-known example is that of the stem-final laryngeal

alternations in Turkish, where the process impacts the majority of polysyllables

but only a minority of the monosyllables (Lees ; Inkelas & Orgun ; Inkelas

et al. ; Hayes ; Kallestinova ; Petrova et al. ; Pycha et al. ;

Becker ; Becker et al. ). As a representative example, the final stop of

the polysyllabic kʰaˈnatʰ ‘wing’ comes out voiced in the possessive kʰanaˈd-ɨ, but
the stop is unchanged in the monosyllabic ˈkʰatʰ ‘floor’, where we find kʰaˈtʰ-ɨ. As
Becker et al. () have shown, this is not just a fact about the Turkish lexicon, but

rather a fact about the grammar of Turkish speakers, as evidenced by the speakers’

projection of the paern from the lexicon onto nonce words.

Two interesting examples of the same type come from French and Brazilian

Portuguese, as shown by Becker et al. (in preparation). In Brazilian Portuguese,
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the plural induces a change of word-final [w] to [j] only in some lexical items

(Gomes & Manoel ) , as exemplified in (). Becker et al. (in preparation) report

that the alternation impacts a minority of the monosyllables and a majority of

the polysyllables, and that in the nonce word task they ran, speakers extended

this tendency from the lexicon to their treatment of nonce forms, exactly like in

Turkish.

() Monosyllables protected more than polysyllables in Portuguese

singular plural

ˈsaw ˈsajs ‘salt’
ˈpaw ˈpaws ‘stick’

deˈdaw deˈdajs ‘thimble’
kaˈkaw kaˈkaws ‘cocoa’

In both Turkish and Brazilian Portuguese, the alternation is extended from na-

tive nouns to loan words, and in both languages we see the alternation apply

more readily to polysyllables. As representative examples, Turkish has the non-

alternating monosyllable ˈtʰypʰ ∼ tʰyˈpʰ-y ‘tube’ vs. the alternating polysyllable

ɡuˈrupʰ ∼ ɡuruˈb-u ‘group’. In Portuguese borrowings from English we find the

non-alternating monosyllable ˈɡow ∼ ˈɡow-s ‘goal’ vs. the alternating polysyllable
kokeˈtɛw ∼ kokeˈtɛj-s ‘cocktail’. In other words, the size effect is seen in these

languages not only as a trend in the lexicon and as an effect of an experimental

seing, but also in the natural treatment of new lexical items.

In French, the plural induces a change of word-final [al] and [aj] to [o], as in

mal∼mo ‘evil /’ and tʁavaj∼ tʁavo ‘work /’. Becker et al. (in preparation)
report that the alternation impacts only about % of the monosyllables and about

% of the polysyllables, but even this very small trend is enough for the native

speakers. In a nonce word task, speakers rated the alternation in polysyllables

significantly more acceptable than in monosyllables. In this case, the French

speakers are only given rather modest indication about the distribution of the

alternation, yet they behave exactly like Turkish and Brazilian Portuguese speakers

in preferring to protect nonce monosyllables from the alternation.

We propose that in cases in which speakers are known to protect monosyl-

lables, they aribute this protection to the activity of initial syllable faithfulness
constraints (Steriade ; Beckman , ; Casali ; Barnes ; Jesney

; Becker ; Becker et al. ). In a monosyllable, effecting a change in the

word-final segment impacts the word-initial syllable, as in the Portuguese ˈsaw ∼
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ˈsajs, while the initial syllable stays unchanged in a polysyllable such as deˈdaw ∼
deˈdajs.¹

Certain authors have found an atomic notion of initial syllable faithfulness to

be unappealing, and have suggested that size effects are derived from phonetic

or psycholinguistic sources. Barnes () suggests that the source is phonetic

duration: Initial syllables are phonetically longer in Turkish, and longer segments

enjoy greater faithfulness. While we are sympathetic to this line of inquiry, we

note that lengthening of initial syllables isn’t universal. As Barnes himself reports,

initial syllables in English are shortened, not lengthened. Furthermore, phonetic

compression of segments in longer words as the force behind alternations makes

sense in Turkish, where the alternation turns voiceless consonants to voiced ones.

Making a consonant voiced makes it shorter, and thus a beer fit to the shorter

duration of segments in a long word. It’s far from clear that the same notion

extends to Brazilian Portuguese, where the alternation is one of backness, which

tends to keep duration constant. Changing a coronal nasal to a velar, as in Tamil,

is another case that isn’t so clearly related to duration.

Others, such as Ussishkin & Wedel () and Stausland Johnsen (to appear),

suggest that short stems are protected from alternations by psycholinguistic rather

than phonetic factors. Specifically, they claim that short stems are protected

because shorter stems are in denser lexical neighborhoods, on average, then longer

stems. Yet Pycha et al. () show that in Turkish, such lexicon-based measures

have very weak effects, and Becker et al. () report that these weak effects are

orthogonal to the simple monosyllabicity criterion.

We suggest that initial syllable faithfulness has been abstracted away from its

functional motivation and has become an atomic unit of phonology, or phonol-

ogized (Hyman , see recent review in Hyman ). We leave open the

possibility, however, that new functional factors may be identified in the future.

We note that the motivation for initial syllable faithfulness goes beyond the

protection of stem-final consonants from alternations; phonotactic considerations

and paerns of allomorph selection are relevant as well. e analysis of Shona

in Beckman (, ) shows increased faithfulness in vowel quality in initial

¹We note a technical questionwith the application of this concept in Classical Optimalityoery
(Prince & Smolensky /;Moreton ). In Turkish, the alternating segment does not surface
in the initial syllable of the word when a vowel-initial suffix is added, as in ˈkʰatʰ ∼ kʰa.ˈtʰ-ɨ. is
question is successfully addressed in Jesney (), who notes that for a variety of reasons, the
initial syllable should refer to the fully faithful candidate, not to the winner.
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syllables, with evidence from phonotactic restrictions on roots and allomorpho

selection. Similarly, in Turkish native words, non-high round vowels are only

allowed in initial syllables. In Spanish, faithfulness to initial syllables protects high

vowels from becoming glides (Cabré & Prieto ).

We focused in this section on local alternations, where the suffix’s impact is on

the immediately adjacent segments of the stem. While we have limited information

on long-distance size-dependent alternations, we suspect that the picture may be

the opposite. Umlaut, for instance, is known to be aracted to stressed syllables

in both German (Wiese ; Fanselow & Féry ; van de Vijver & Baer-Henney

) and Chamorro (Topping ; Chung ). In the German plural, umlaut

impacts only initial syllables—the exact opposite of Turkish. In Chamorro, umlaut

seems to impact initial syllables with all umlauting suffixes. We leave the question

of umlaut in these languages, and the broader question of size-dependent non-local

processes, to future work.

Other cases may be harder to categorize. In French liaison, a consonant appears

at the end of monosyllabic stems more frequently than at the end of polysyllabic

stems (Mallet ), yet it is far from clear what the correct analysis in terms of

markedness and faithfulness might be (Côté ). Finnish assibilation (Anila

, ; Giavazzi ) is sensitive to length, but all of the affected stems are

polysyllabic; we note that this kind of effect seems rather rare.

Coming back to the clearer cases we started with, we conclude that the

known typology supports an asymmetrical view of size-based restrictions on local

alternations: Monosyllables are protected from alternations, and alternations in

monosyllables imply alternations in polysyllables. As for the ultimate source of

this effect, we cast doubt on the viability of phonetic explanations, and while we

leave open the possibility of an eventual psycholinguistic explanation, we adopt

here initial syllable faithfulness as an atomic element of Universal Grammar that

regulates these size effects. Ultimately, however, this paper is not about the source

of size effects, it is about their asymmetrical application. Whatever force is at play,

it protects monosyllables more than polysyllables and not the other way around.

Next, we turn our aention to English, which at first blush seems to provide a

counterexample, as a language with alternations that impact monosyllables more

strongly than polysyllables.
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 Experiment : Monosyllables impacted in the English lexicon

In English, final [] and [θ] alternate with the voiced [v/ð] in some nouns (), but

not others ():

() naɪf ∼ naɪvz, *naɪfs ‘knife’

pæθ ∼ pæðz, *pæθs ‘path’

() stɪf ∼ stɪfs, *stɪvz ‘sti’

dɛθ ∼ dɛθs, *dɛðz ‘death’

e phenomenon goes back several centuries, and has been known for a while

(Jespersen ; Berko ; Hayes ), though not widely discussed in the

generative literature. And yet, the process carries several hallmarks of a (semi-)

productive morphophonological process, as evidenced by its application to a grow-

ing set of lexical items, and its partial independence from spelling conventions.

Firstly, we note that the voicing alternations are being extended to items

that did not used to alternate, especially finally-stressed polysyllables. College-

age American speakers regularly offer the plurals gira[v]es, photogra[v]es, and
psyopa[ð]s, whereas older speakers find these forms uerly ungrammatical. Note
the orthographic ⟨ff⟩ in ‘giraffes’ and the ⟨ph⟩ in ‘photographs’, which indicate

that these nouns didn’t alternate historically. Voicing alternations aren’t always

reliably recorded in the spelling even for monosyllables. e plural of ‘roo’ is

roo[v]s for most Americans, yet the spelling ⟨rooves⟩ is quite uncommon. Finally,
we note that the alternations aren’t indicated at all for θ-final nouns, yet speakers

have clear intuitions about such nouns, as in () and () above.

Secondly, we note that the set of alternating lexical items has both expanded

and contracted over the last few centuries. As Jespersen notes, post-[ɹ] voicing

is innovative, as in the plurals of [dwoɹ] ‘dwar’, [woɹ] ‘whar’, and [skɑɹ]

‘scar’. Many nouns that had concomitant voicing and vowel-length alternations,

as in [stæ] ∼ [steɪvz] ‘sta’, switched to leveled paradigms. Finally, some of

our language consultants note massive loss of alternations in upstate New York

and parts of the Midwest. All these changes suggest that grammatical forces are

at work, shaping the distribution of the voicing alternations in each speaker’s

grammar. While the alternations primarily affect Germanic words, we note the

alternations in non-Germanic words such as ‘scar’, ‘giraffe’, and ‘psychopath’.

e English voicing alternations are dependent on morphophonological con-
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text. While they affect many nouns in the presence of the plural [z], the identically

sounding genitive suffix never triggers alternations, as in knife’s, roo’s, path’s,

etc. Some of our consultants report the blocking of the plural alternations in

compounds, as in the simplex plural [buðz] ‘booths’ vs. the compound [tol-

buθs] ‘toll-booths’ (cf. Kiparsky ; Selkirk ; et seq.). Voicing alternations

may be triggered in denominal verbs, without a clear connection to the voicing

alternations: for some items, only the noun voices (knives/to knife, leaves/to leaf,
dwarves/to dwarf ); for others, only the verb voices (beliefs/to believe, proofs/to
prove); and others still have the alternation in both (halves/to halve, lives/to live,
shelves/to shelve). Adam Albright (p.c.) suggests that for some speakers, verbs may

alternate upon the addition of the past ⟨-ed⟩, e.g. [naɪ] ∼ [naɪvd]. Beyond the

plural and the denominal verbs, voicing affects a smaering of other forms, as in

thief∼ thievery. ere may be a bias to use the voiced fricative in all derived forms

for a given noun, perhaps a lexical conservatism effect (Steriade ).

To summarize, then, we see that the voicing alternations are limited in their

morphological and lexical scope, and yet they are subject to strong fluctuations,

and are only partly constrained by history or spelling. We take these fluctuations

to reflect a grammatical organization of the alternations, an organization that is

largely phonological. Specifically, we want to explore the role of prosodic shape

(monosyllabicity and stress) in shaping these paerns. To get a realistic sense of

the range of acceptable plurals, we surveyed a large number of American English

speakers from a range of locations and ages, as explained in the rest of this section.

. Materials

We extracted all of the f-final and θ-final words from the CMU dictionary, and

chose a set of  nouns from them, aiming to represent a wide range of prosodic

shapes and rhymes. e full list of items, with results by item, is in Appendix A.

e list contains  monosyllables ( f-final,  θ-final),  polysyllables with a

stressed final syllable, or “iambs” ( f-final,  θ-final), and  polysyllables with an

unstressed final syllable, or “trochees” ( f-final,  θ-final).

In addition, we selected  filler items, of which  were monosyllables, 

“iambs” and  “trochees”. ese included items whose plural is formed by umlaut

(e.g. goose, woman), infrequent plural suffixes (e.g. ox, appendix), and items similar
to those (e.g. box, human, status).

e items were recorded by a phonetically trained male native speaker of
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English in his twenties fromMaine. e list included each noun in the singular and

two plurals, and it was presented to the speaker in random order three times. e

recordingwasmade in a sound-aenuated booth into aMacintosh computer. en,

the best token was chosen and converted to mp format using the  converter.

e recordings were not manipulated in any other way, other than normalizing

the intensity with Praat (Boersma & Weenink ), and sounded quite natural.

e speaker regularly lengthened vowels before voiced final fricatives, and

pronounced many final fricatives voiceless, as is common in general American

English. us, the voicing contrast was oen mainly heard as a difference in

allophonic vowel length.

. Methods

e experiment was presented to the participants over the internet, using the web

browser of the participant’s choice. e web server started by making a random

selection of items for each participant, choosing a total of  items:  target items

and  fillers.

e item selection was done as follows: Six monosyllables ( f-final and  θ-

final), four trochees ( f,  θ), and a total of ten iambs: six monomorphemic iambs (

f,  θ), and four poly-morphemic iambs ( f,  θ). e fillers were  monosyllables,

 trochees, and  iambs, in addition to the example item, cactus.

Before the experiment began, participants were reminded that some English

plurals are exceptional, giving ox, knife, and fish as examples, and asking the

participants for their preferred plural.

e items were presented orthographically on the screen, with buons to play

two plural forms in random order. Once both plurals were played, a seven-

buon scale appeared between them. Aer the participant pressed one of the

seven buons of the scale, an additional question appeared, asking about the

second plural the participant heard. ese questions were used to ensure that

the participants were listening to the audio material and hearing the voicing

distinctions. e questions asked about vowel quality or voicing, e.g. “did the

second plural your heard have the ‘’ sound of ‘fan’ or the ‘v’ sound of ‘van’?”.

Aer the participant responded to all  target items and fillers, theywere asked

to answer a few demographic questions (year of birth, sex, country of origin, kind

of English spoken, other languages spoken, suggestions).
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. Participants

e participants were recruited online using Amazon’s Mechanical Turk, and were

paid $. for their time. Amazon’s Mechanical Turk is a web application that

provides access to an arbitrarily large number of potential participants for survey-

based experiments; see Sprouse () about the use of the Mechanical Turk in

linguistics.

We gathered completed surveys from  people. e server logs indicate

that these participants took on average  minutes to complete the experiment

(range – minutes, median ). At the end of the experiment, participants

volunteered the following demographic information. Year of birthwas provided by

 participants, who reported an average age of  (range –, median ). Sex:

 females,  males,  didn’t say. Country of origin:  from the United States,

 from another English-speaking country,  from another non-English speaking

country,  didn’t say. As for the kind of English spoken, almost everybody named

a state or a major city in the US, or said they speak general American English.

Other languages spoken:  participants indicated that they are monolingual, 

indicated some knowledge of Spanish,  indicated some knowledge of French, and

others a smaering of other languages.

. Results

Figure () shows the participants’ responses by prosodic shape, with monosyllabic

items receiving the highest voiced ratings (. on the – scale), followed by iambs

(.) and trochees (.).²

²In our discussion, “” always refers the highest acceptability for the voiced plural. For the
participants, the ends of the scale were randomly assigned to voiced or voiceless; the raw response
was subtracted from  for the trials where the voiceless response was on the “” side. Note also
that in boxplots, the thick horizontal line in each box represents the median, not the mean.
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() Lexicon study: Voicing alternations preferred with monosyllables

vo
ic
el
es
s

vo
ic
ed

mono iamb trochee

Looking at the average responses to each item (ploed with horizontal jier in ),

we see that only monosyllables such as elf and life are unanimously voiced ( on
the – scale), while iambs reach a maximum of . with vermouth, and trochees
are even lower with . for Behemoth.

() Lexicon study: Average responses by item

vo
ic
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es
s

vo
ic
ed

mono iamb trochee
stiffref

briefserf cuffstrengthsniff
bluff graphbreathprofmonthdeathcoughgrowthchef cliffgoofoafpuffclefstaffgaffe nymph

mythlaugh skiffquafffifeproof safeheathturf waifwhiff spoofslothtiff reefgulffaith

fourth hearthearthchief troughberthroofbrothboothGothwidth
sleuth

youthcloth
truth

swathoathbathwreathmouthwraithmoth
wharfsheath

path
sheaf

knife
dwarfloaf wife

thiefwolfleaf self
hoofhalfscarfshelf calf

elf life

belief
earmuff midriff

eighteenth
handcuffparagraphcastoff

blacksmithmotifcarafepilaf
epitaphsabertooth

polymath aftermathcoelacanthgiraffe
reliefpsychopath

behalfvermouth

hieroglyphgoliathsherifftriumphtariffcaliph
pontiffazimuthserif

bailiffmonolithmastiff plaintiffhyacinth absinth
billiontheightieth mammothseraph

zenithSabbath
kerchief

Behemoth

In other words, among the real words of English, all of the items that are strongly

impacted by the voicing alternation are monosyllabic. None of the polysyllables

we tested reached a voicing score of , leaving the entire third top of the range to
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the monosyllables.

As we will see in §, the iambs and trochees alternate less than monosyllables

for two separate reasons. e difference between monosyllables and trochees is a

simple stress effect: In the trochees, the voicing alternation causes the appearance

of a voiced fricative in an unstressed syllable, where the contrast between voiced

and voiceless fricatives is poorly cued (see Giavazzi  for a recent survey of

such effects). is is especially true in English, where the contrast is mostly cued

by vowel length, which in turn is diminished in an unstressed syllable.

Our focus here is on the difference between monosyllables and iambs, where

stress is kept consistently on the alternating syllable. is is a positional effect,

with alternations in iambs occurring in a non-initial syllable.

Voiced responses were preferred following the long vowels [æ,³ ɑ/ɔ,⁴ i, u, eɪ,

oʊ, aɪ, aʊ] relative to the short vowels [ɛ, ɚ, ɪ, ʊ, ʌ] (. vs. . on the – scale).

is vowel length difference was strong for the monosyllables (. vs. .) and

iambs (. vs. .), but not for the trochees (. vs. .). e preference for

voiced consonants following a long vowel is well-aested cross-linguistically, and

is also mirrored a similar experiment on voicing alternations in Dutch (Ernestus &

Baayen , see a discussion of their vowel effect in Becker et al. ).

Morphological complexity had the expected effect, with morphologically com-

plex forms less acceptable with voicing alternations, but the effect was rather small

(. vs. .).

Since the items in this experiment are real words, we checked for the effect

of token frequency, ploed in () with a lowess() trend line. We used the

frequencies supplied by the Microso Web N-gram Services (based on the Bing

search engine). Token frequency had a weak, non-significant positive correlation

with the responses (Spearman’s rank correlation, ρ = ., p > .). is is in line

with findings in Bybee (); Albright & Hayes (); Hay et al. (); Becker

et al. (), which suggest that frequency can affect the behavior of individual

items, but that overall trends are generally sensitive to the types in the lexicon,

rather than being directly affected by token frequencies.⁵

³While [æ] is historically short, it is phonetically one of the longest vowels of American English,
as noted e.g. in Lisker (). e remaining vowels in the list are uncontroversially long.

⁴e speaker who recorded the stimuli did not have the cot/caught distinction.
⁵Looking at the chart in () from a -degree angle, we see that the most frequent items tend

to be closer to the extremes of the voicing continuum, while less frequent items are closer to the
middle. is makes sense, as more frequent items are uered more oen in the plural, and can
get entrenched as either clearly voiceless or clearly voiced, while the behavior of the infrequent
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() Lexicon study: Weak, non-significant token frequency effect

-7 -6 -5 -4
(log) token frequency

stiff ref
briefserf cuff strengthsniff

bluff graphbreathprof monthdeathcough belief growthchefearmuffmidriff cliffgoofoaf puffhieroglyph clef staffgaffenymphgoliath sherifftriumphmythtariffeighteenth laughcaliphskiffquaff fife proof safeheathpontiff turfwaif whiffhandcuff paragraphazimuthcastoff spoof serifsloth tiffbailiffmonolith reef gulf faithmastiffblacksmith motifplaintiffcarafepilafhyacinthabsinth
epitaphbillionth fourtheightieth mammothhearthseraphsabertooth earthpolymath chieftroughberth roofbroth aftermath boothcoelacanth Gothzenithgiraffe widthSabbath

kerchief sleuth relief youthpsychopathBehemoth cloth
truth
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To assess the statistical strength of these effects, we used amixed-effects regression

model using the lmer() function from the lme package (Bates & Maechler )

in R (R Development Core Team ). We used the following predictors:

long vowel, a binary predictor that encoded vowel length as explained above,

shape, a three-level unordered factor that distinguished monosyllables, iambs, and
trochees,morphological complexity, place (f vs. θ), and token frequency. e effects

that reached statistic significance are reported in ().⁶

items is less fully determined. is effect is statistically significant, with token frequency being
predictable from the square of the voicing score. is, however, is irrelevant to the question we ask
here, which is how the speaker generalizes from known items to unknown items.

⁶ We started with a base model that had item and participant as random effects, and no
fixed effects. We then added long vowel, an addition that made a significant improvement
to the model ( model comparison, χ²() = ., p < .). Next, we added shape, which
made another significant improvement to the model that contained long vowel ( model
comparison, χ²() = ., p < .). e interaction of long vowel and shape did not improve the
model significantly. Other predictors, such as morphological complexity, place (f vs. θ), and token
frequency, made no significant improvement to the model. To reduce the correlations between
the predictors in the model, we first normalized long vowel using R’s scale() function. en, we
helmert-coded shape as two binary predictors, one that contrasts monosyllables with iambs, and
one that contrasts monosyllables and iambs with trochees, and normalized each predictor. Finally,
we added these fixed effects (long vowel and the two shape predictors) to themodel’s random effects.
e fully crossed model, which had long vowel and shape added to both participant and item did
not converge, but between the models that only had long vowel and shape added to either, the
model with them added to item made a significant improvement over the simpler model (
model comparison, χ²() = ., p < .). is is the model we report in (). e model has low
collinearity measures (VIF<=., κ=.), calculated using mer-utils, by Austin Frank, available
at https://hlplab.wordpress.com/2011/02/24/diagnosing-collinearity-in-lme4/.
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() Lexicon model

β SE(β) t p-value⁷

(Intercept) . . .

mono vs. iamb −. . −. <.

mono & iamb vs. troee −. . −. <.

long vowel . . . <.

e model in () says that having a long vowel is conducive to more voicing

(positive β), while being iambic or trochaic is less conducive to voicing (negative

β for both).

To assess the effect of age, we ran a model just on the data from the 

participants who supplied their year of birth. Adding age as a predictor did not

improve the model. A simple by-participant analysis showed that the correlation

between average voicing scores and age was strongest for iambs, but did not reach

significance (Spearman’s rank correlation, ρ = −., p > .). We conjecture that

the age effect we noted among our consultants in a Massachuses university may

be limited by class or level of eduction, and thus did not come out sufficiently

strongly in our more diverse participant pool.

To summarize, then, we found two factors that affect the voicing of existing

f-final and θ-final nouns: e length of the noun’s final vowel, with long vowels

conducive to significantly more voicing, and the shape of the noun, with mono-

syllables conducive to significantly more voicing than iambs, and monosyllables

and iambs conducive to significantly more voicing than trochees. e effects of

morphological complexity, place (f vs. θ), token frequency, and age were not strong

enough to reach statistical significance.

. Discussion

Our survey supplies a solid starting point for a study of English voicing alterna-

tions. We asked a large number of speakers about most of the f/θ-final nouns that

English has, and established that only monosyllables score highly on the voicing

scale. Out of the  monosyllabic nouns we tested,  nouns scored over , while

⁷Exact p-values could not be obtained with lme or pvals.fnc(), due to disagreement in the
community about the best way to calculate them. We obtained p-values by taking the three
predictors out of the model, one at a time, and testing their improvement to the superset model;
this method is widely accepted as reliable and impervious to collinearity.
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none of the polysyllabic nouns did.

is results confirms what we heard from our consultants: Many consultants

allow the alternations only in monosyllables. Others, especially young ones, like

the alternations in iambs (or more precisely, in polysyllables with a stressed final

syllable).

 Experiment : No monosyllabicity effect in wugs

We have seen in § above that in the English lexicon, monosyllables are impacted

by voicing alternations more strongly than polysyllables. is finding is surprising

given the typological background we discussed in §: in most of the languages we

have data for, monosyllables enjoy greater protection from alternations. To gain

insight into the grammar that speakers use to regulate alternations, we need to go

beyond the existing words of the language. To our knowledge, ours may be the

first study to wug-test the English fricative voicing alternations since Berko (),

who included the nonce item heaf in her classical experiment.

. Materials

To test the applicability of vowel length and prosodic shape on novel nouns, we

created  target nonce words (“wugs”). We made these by crossing  places of

articulation (f, θ) *  prosodic shapes (monosyllable, iamb, trochee) *  vowels

categories (æ, aɪ, ɑ/ɔ,⁸ eɪ, ɛ, ɚ, i, ɪ, oʊ, u/ʊ,⁹ ʌ), and then made two words in each

of these combinations, manually selecting consonants to match general English

frequencies, allow reasonable wellformedness, and keep sufficient distance from

real fricative-final nouns. e full list of nonce items, with results by item, is

in Appendix B. In addition, we created  filler nonce items ( monosyllables,

 iambs,  trochees), which were modeled on the fillers in experiment .

e items were recorded by a phonetically trained male native speaker of

English in his thirties from California, following the same procedure as in §.

⁸e speaker who recorded the stimuli did not have the cot/caught distinction.
⁹We made half as many items for [ʊ] and [u] as we did for the other vowels, to beer represent

the rarity and marginal status of [ʊ]. We considered [u] long and [ʊ] short.
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. Methods

e experiment was presented to the participants over the internet, closely

matching the procedure described in §.. e web server started by making

a random selection of items for each participant, choosing a total of  items:

 target items and  fillers. e item selection was done as follows: Six

monosyllables ( f,  θ), six trochees ( f,  θ), and six iambs ( f,  θ). e 

fillers were chosen randomly.

Before the experiment began, the participant was reminded that some English

plurals are exceptional, giving ox, knife, and phenomenon as examples. e

participant was asked to give their opinion about made-up words of English, using

the nonce pharon as the example word. e rest of the experiment proceeded as

described in §., asking for ratings on a – scale.

. Participants

e participants were  users of Amazon’s Mechanical Turk who did not

participate in the previous experiment. Participants were paid $. for their time.

e server logs indicate that these participants took on average  minutes to

complete the experiment (range – minutes, median ).

e participants volunteered the following demographic information. Year of

birth was provided by  participants, who reported an average age of  (range

–, median ). Sex:  females,  males,  didn’t say. Country of origin:

 from the United States,  from Canada,  didn’t say. As for the kind of

English spoken, almost everybody named a state or a major city in the US, or said

they speak general American English. Other languages spoken:  participants

indicated that they are monolingual,  indicated some knowledge of Spanish, 

indicated some knowledge of French, and others a smaering of other languages.

. Results

Figure () shows the participants’ responses by size, with iambs receiving the

highest voicing ratings (. on the – scale), followed closely by monosyllables

(.). is is the opposite of what we found in the lexicon study, where

monosyllables receive the highest ratings for voiced plurals. Trochees came in

lowest (.), as they did in the lexicon study.
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() Novel iambs and monosyllables alternate more than trochees
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mono iamb trochee

e same paern is seen when looking at the average responses by item in ().

Note that unlike real items, most of which have relatively established plural forms,

nonce words don’t usually elicit extreme responses. We take this to be a validation

of the statistical model in (), which predicts highly reliable but numerically small

differences between items based on prosodic shape and vowel length.

() Voicing alternations for novel nouns, by item

vo
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mono iamb trochee

beɪf

biθ

bɪlθ

bɹaɪf

bʌnf

ʧoʊθ
ʧaɪθ

klʊf

dif

doʊθ

duf

dwiθglif huθ

ʤæfkɚf

kɹæθ
kʌθ lɪθ

meɪf

nɪf

noʊfpælθ

pɑɹθ

peɪθ

pɛlθ
prʊθ

kwɚθ

ɹoʊf

sɛnf

ʃɪlf

ʃɹaɪθ
skɛθ

smeɪθ smɑfstɚf

stɚθ

sʌf
sʌlθ

wɑθ

wɑf

jɛf

zælfzaɪf brəloʊθ
bəwælf

dəkɛlθdəpaɪθ

gənɚθ

glənɑf həɹiθ
həbɑf

həleɪθ

həsaɪθ

ʤəzɑθ

kənuθ

kənɑθ

kəzɪnf

məleɪf

nəboʊθ
nədʌlf

nəʃɪf

nətoʊfpɚnæf

pətɛlf

kwəzʌf
ɹəstɛθ

ɹədif rəstɪlθ

səkɚθ

səbaɪf

səkloʊf

səpʌlθ

ʃənɚf

ʃədʊθ

ʃəkæθ
səsælθ

səstʌθ

stərʊf

təɹeɪθ

tənkeɪf
tɹəluf

təspɪθ

wəgɛf

wəɹif

jəstɚf
zəkaɪf

zəziθ brʌnləfʧɪdəf

kreɪdəf

fɪdəθ

floʊdəf
glɚsəf

hɑkəθ

haɪləθʤɑnəf

ʤʌkəθ

kaɪrəfkælnəθ

lisəθ

lɚbəθ

moʊdəθ
nækəθneɪgəθ

nɛlgəf

pidəf

paɪdəθ

ɹikrəθ rɪlkəf

roʊsəθ

ruvəθ

ɹaɪləf
seɪləf

sɑstəθ

sɛŋgɪθ
ʃædəf

ʃɛnəθ

ʃɛstəf

ʃʌtəf
sɪltəθ

speɪləθ

stɚnəfstʊkəf
tɑkəf

tʌlpəθ

voʊləf

wibəf
wʊkəθ

wɚgəθ

jælməf

junəf

Here again we see the difference between monosyllables and trochees, i.e. the

same stress effect that was seen in the lexicon. Alternations are judged worse
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in unstressed syllables, both in the lexicon and in nonce words. But looking at

monosyllables and iambs, where stress is held constant, we see no difference. e

positional effect that was seen in the lexicon is gone, and nonce monosyllables are

not more strongly impacted by the alternation than nonce iambs.

For the statistic analysis, we used a mixed-effects regression model with the

lmer() function, as in §. As predictors, we used long vowel, shape, and place,
defined as in §. e effects that reached significance are reported in ().¹⁰

e model in () says that having a long vowel is conducive to more voicing

(positive β), and being trochaic is conducive to less voicing (negative β) — both

effects also seen in the lexicon study. e effect of vowel length is strongest (.) for

monosyllabes, and weaker for iambs (.−.=.) and for trochees (.−.=.).
Being θ-final is also conducive to less voicing, even though this effect wasn’t so

strong in the lexicon. Most importantly, however, the iambs are slightly more
conducive to voicing than monosyllables, unlike what we have seen in the lexicon.

() Nonce words model

β SE(β) t p-value

(Intercept) . . .

mono vs. iamb . . . >.

mono&iamb vs. troee −. . −. <.

long vowel . . . <.

place=θ −. . −. <.

mono vs. iamb:long −. . −. <.

mono&iamb vs. troee:long −. . −. <.

To assess the effect of age, we ran a model just on the data from the  participants

¹⁰ We started with a base model that had item and participant as random effects, and no fixed
effects. We then added shape, an addition that made a significant improvement to themodel (
model comparison, χ²() = ., p < .). Next, we added long, which made another significant
improvement to the model that contained shape ( model comparison, χ²() = ., p < .).
We then added place, making another improvement to the model ( model comparison,
χ²() = ., p < .). e interaction of shape and long made another significant improvement
to the model ( model comparison, χ²() = ., p < .), but no other interactions did. We
reduced the correlations between the predictors in the model as explained in §. Finally, we added
the fixed effects (the two shape predictors, long, the interaction, and place) to the model’s random
effects. e fully crossed model did not converge, nor did the model that had shape, long, and
place added to item. e model with shape, long, and place added to participant made a significant
improvement over the simpler model ( model comparison, χ²() = ., p < .), and this
is the model we report in (). is model has low collinearity measures (VIF<=., κ=.).
We calculated p-values as explained in §.
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who supplied their year of birth. Adding age as a predictor did not improve

the model. A simple by-participant analysis showed a significant and negative

correlation between age and voicing ratings, but this correlation was comparable

for all three shapes (Spearman’s rank correlation, for monosyllables: ρ = −.,
p < ., iambs: ρ = −., p < ., and trochees: ρ = −., p < .). is isn’t the

same age effect we’ve seen in the lexicon, then, which was concentrated in the

iambs.

To summarize, we found three factors that affect the voicing of novel f-final and

θ-final nouns: e length of the noun’s final vowel, with long vowels conducive

to significantly more voicing, the place of the final consonant, with [θ] being

conducive to significantly less voicing than [], and the shape of the noun, with

monosyllables and iambs conducive to significantly more voicing than trochees.

e difference between monosyllables and iambs trended in favor of the iambs,

but did not reach significance; this contrasts with the effect we found in the real

words of English, where iambs were significantly less conducive to voicing than

monosyllables.

. Discussion

emain point of interest for this experiment was the propensity of monosyllables

to alternate relative to iambs. In the real words of English, monosyllables

are impacted significantly more than iambs; in the nonce word experiment,

monosyllables are trending in the other way, geing slightly more protection

than iambs. We take this to mean that the generalization in the English lexicon

is unlearned; speakers do not learn that monosyllables can be impacted more than

iambs. Speakers are biased to protect monosyllables, and this bias shapes the

generalizations that they can extract from the real words they know. is inability

to learn unnatural generalization is what Becker, Ketrez & Nevins () call the

surfeit of the stimulus. In using over  stimuli and  participants, we responded
to Hayes et al.’s () call for larger data sets.

We note that speakers do learn natural generalizations from their lexicon. Long

vowels are conducive to more alternations in the lexicon, and this natural effect is

extended productively to nonce words.
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 Experiment : English speakers protect monosyllables in an

artificial grammar

We have seen that in the English lexicon, monosyllables are impacted by alterna-

tions more than polysyllables, and that this anomaly is absent from the treatment

of nonce words. Here, we go a step further to show that English speakers are

biased to protect monosyllables in the seing of an artificial language learning

experiment.

In other words, we want to show that alternations in monosyllables imply

alternations in polysyllables, but not the other way around. Artificial language

experiments have been successfully used to show implicational relationships in

phonology, most notably inWilson () and by several others since; see Moreton

& Pater () for a recent review of this literature.

In their real language, English speakers regulate voicing alternations in the

plural on [f, θ]. In this artificial language, we kept plural as the morphological

category, but changed the plural suffix to [ni], and the set of alternating consonants

to [p, t, k].

. Materials

We constructed  nouns,  stop-final target items and  sonorant-final fillers.

e  target items, listed in appendix C, were made by crossing  final consonants

(p, t, k) *  shapes (monosyllable, iamb), and making  items in each category

by manually filling in stressed vowels from the set [ɑ, e, i, o, u, aɪ] and all the

consonants of English except for the interdentals and glides. In the iambs, the

initial unstressed vowel was consistently schwa. e fillers were  monosyllables

and  iambs, with final consonants drawn from the set [l, r, m, ŋ], with non-

final segments using the same vowels and consonants that were used for the target

items.

e items were recorded by a phonetically trained male native speaker of

English in his twenties from Pennsylvania. e list included each noun in the

“singular” (i.e. the bare form) and two “plurals” (one made by simple suffixation

of [ni], and one by voicing of the stem-final stop and suffixation of [ni]). e

recording was done using the same procedure as in § and §.

To assign the experimental items plausible meanings as concrete nouns, we

collected  pairs of pictures of easily recognizable objects (e.g. airplane, anteater,
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apple) using Google’s image search with the “line drawing” option. e “singular”

was represented by one of these pictures, and the “plural” was represented by

showing five copies of the other picture in two rows.

. Methods

e experiment was presented over the internet as an artificial grammar learning

game. In the beginning of the experiment, the web server randomly assigned

each participant to one of two training groups: monosyllabic or iambic. e

experimental setup is summarized in (), and detailed below.

e training phase consisted of  trials, with  randomly chosen stop-final

items ( p-final,  t-final,  k-final) and five randomly chosen sonorant-final items

for each participant. Participants in the monosyllabic training group received

monosyllabic stop-final nouns,  monosyllabic sonorant-final nouns, and  iambic

sonorant-final nouns. Participants in the iambic training group received the

exact opposite: iambic stop-final nouns,  iambic sonorant-final nouns, and 

monosyllabic sonorant-final nouns. Each item was randomly assigned to a pair

of pictures as its meaning.

() Experiment : Artificial grammar setup

monosyllabic training iambic training

Training  stop-final monos  stop-final iambs
ˈmip ˈmibni təˈɡep təˈɡebni
ˈstut ˈstudni ɡəˈʃut ɡəˈʃudni

 sonorant-finals  sonorant-finals
ˈmuŋ ˈmuŋni ˈmuŋ ˈmuŋni
nəˈʤol nəˈʤolni nəˈʤol nəˈʤolni

Testing  stop-final monos  stop-final monos
ˈgaɪp ˈgaɪp
ˈklet ˈklet

 stop-final iambs  stop-final iambs
fəˈʧop fəˈʧop
bəˈɡit bəˈɡit

 sonorant-finals  sonorant-finals
ˈpler ˈpler
ʒəˈtaɪm ʒəˈtaɪm

e training phase started with participants hearing the singular and seeing it
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wrien with English-like spelling, and then hearing and seeing the plural with the

same English-like spelling. Aer  such trials, the next  trials showed and played

the singular, but the plural was only played and not wrien, and the participant

was asked to type it in. Once typed in, the participant was shown the intended

spelling, and an indication of whether their spelling matched the intended one.

In this phase, plurals always contained a voicing alternation, e.g. ˈmip ∼ ˈmibni,
which was reflected in the proposed spelling. As is normal in American English,

the voicing alternation was accompanied by lengthening of the preceding vowel.

en, the testing phase consisted of  trials. e server randomly chose 

stop-final items:  stop-final items of the shape that was seen before (monosyl-

labic for the monosyllabic training group and iambic for the iambic training group)

and  stop-final items of the shape that was not seen before. Of the  stop-final

items of the shape that was seen before,  were actually seen before in the training

phase, and  were completely new. e fillers were  sonorant-final nouns,  of

each shape.

In the testing phase, participants started with hearing the singular and seeing

it wrien with English-like spelling, and they were asked to supply the plural. No

feedback was given at this phase. Aer  such trials, the next  trials only played

the singular, but it was not shown wrien. Participants were asked to supply the

plural, then, based on their ability to hear the singular.

roughout the task, the vowels [ɑ e i o u aɪ ə] were spelled ⟨a e i o u ai –⟩,
and the consonants [k ʒ] were spelled ⟨k zh⟩. e spelling of schwa as ‘–’ was

introduced with the example ‘puh-lease’, and our participants learned that well.

. Participants

e participants were  users of Amazon’s Mechanical Turk who did not

participate in any of the previous experiments,  assigned to the monosyllabic

training group and  assigned to the iambic training group. ey were paid $.

for their time. e server logs indicate that these participants took on average 

minutes to complete the experiment (range – minutes, median ).

e participants volunteered the following demographic information. Year of

birth was provided by all participants, who reported an average age of  (range

–, median ). ere was no significant age difference between the groups

(difference in mean < year, two-sample t-test, t(.) = ., p > .). Sex: 

females,  males. ere was no significant sex difference between the groups
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(monosyllabic training:  females, iambic training:  females, Fisher exact test,

p > .). Ninety-five participants said they grew up speaking English,  said they

didn’t,  didn’t say. As for the kind of English spoken, almost everybody named

a state or a major city in the US, or said they speak general American English.

Other languages spoken:  participants indicated that they are monolingual, 

indicated some knowledge of Spanish,  indicated some knowledge of French, and

others a smaering of other languages.

. Results

To interpret the plurals that participants typed in as responses for stop-final

singulars, we looked at responses that ended in the correct plural suffix (i.e.,

the spelling ⟨ni⟩, which was given in % of the responses), and then picked the

grapheme that preceded this suffix. e graphemes ⟨p⟩, ⟨b⟩, ⟨t⟩, ⟨d⟩, ⟨k⟩, ⟨g⟩ were
given in % of all responses, and those were considered valid responses to stop-

final items; other responses were considered invalid. e graphemes ⟨b⟩, ⟨d⟩, ⟨g⟩
were considered voiced responses, and ⟨p⟩, ⟨t⟩, ⟨k⟩ voiceless. Furthermore, each
response was categorized as to whether it matched the place of articulation of the

singular’s final stop, e.g. either ⟨p⟩ or ⟨b⟩ in the plural were considered to match a
⟨p⟩ in the singular (% of all responses).

() Experiment : Artificial grammar experiment results

Monosyllabic training group

vo
ic
el
es
s

vo
ic
ed

mono iamb

Iambic training group

vo
ic
el
es
s

vo
ic
ed

mono iamb

In the monosyllabic training group, voiced responses were given to monosyllabic

items more than to iambs (% and %, respectively, a small but significant

difference). In the iambic training group, voiced responses were given significantly
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more oen to iambic items than to monosyllabic items (% vs. %, respectively, a

larger significant difference), as seen in figure (). In both groups, the shape that

was seen in the training (monosyllables withmonosyllabic training and iambs with

iambic training) received voiced responses at essentially the same rate (% and

%, respectively, an insignificant difference), suggesting that both groups noticed

the alternation equally well.

e statistical analysis was done with an lmer mixed-effects logistic regression
model. We used the following two predictors and their interaction: group, a binary
factor that distinguished monosyllabic training from polysyllabic training, and

untrained, a binary factor that coded the prosodic shape that participants have

not seen in the training, i.e. iambs for monosyllabic training and monosyllables for

iambic training. e resulting model is reported in ().¹¹

() Experiment : Artificial Grammar experiment model

β SE(β) z p-value

(Intercept) . . . >.

group −. . −. >.

untrained −. . −. <.

group:untrained −. . −. <.

We see that there is no overall difference between the groups in their propensity

to offer voiced responses for the shape they were trained on, meaning that there

was no significant difference between the groups in their ability to learn the

alternation and apply it to novel forms of a familiar prosodic shape. Furthermore,

participants in both groups apply the voicing alternation significantly less on the

shape they were not trained on, i.e. they extend the alternation cautiously. Of

most interest here is the significant interaction: Participants were significantly

more reluctant to extend the alternation in the iambic training group than they

were in the monosyllabic training group. is is exactly what we expected: with

monosyllables being protected by default, participants are reluctant to impact them

if they only see the alternation impacting iambs.

¹¹ We started with a base model that had group, untrained, and their interaction as fixed effects.
To reduce the correlations in the model, both fixed effects were normalized using R’s scale()
function. As random effects, we used item and group*untrained given participant (the fully crossed
model didn’t converge). e model we report in () uses all  data points ( stop-final stimuli
*  participants); the models that use only valid responses or only place-matching responses are
essentially identical. We note that the model has low collinearity measures (VIF<=., κ=.).
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Finally, we note that a smaller group of  Harvard students participated in

a pilot for this experiment, with the same materials and similar methods as we

describe above. e Harvard students were asked to speak their responses rather

than type them (which then required transcription, and agreement among tran-

scribers about the intended responses). is much smaller group gave responses

that are qualitatively identical to the results we obtained from the Mechanical

Turk participants. We prefer the Mechanical Turk’s bigger participant pool for

its greater coverage in geography, age, and other sociolinguistic factors.

. Discussion

In the training phase, participants were exposed to a fragment of a ‘language’, only

seeing alternations impacting monosyllables or only seeing alternations impacting

iambs. We then tested the expectations they formed by testing them on the shape

they haven’t seen.

e participants in the monosyllabic training group were given a language

fragment that resembles real English, where the monosyllables are the best

alternators. Recall that for many speakers of English, voicing alternations only

impact monosyllables. e participants in the iambic training group were given

a language fragment that resembles Turkish, French, or Brazilian Portuguese (see

§), where voicing alternations mostly impact polysyllables.

Participants in both groups were cautious in applying the alternation to the

shape they haven’t seen — presumably, a simple task effect with lile linguistic

meaning. Interestingly, however, participants in the iambic training group

showed significantly more caution, protecting monosyllables. In other words, the

participants followed the typologically common paern, not the English-specific

paern. is is a clear case of the poverty of the stimulus: Without information

about the ability to impact monosyllables, speakers deployed an internal bias to

protect initial syllables. ey did not assume that they can freely extend the

alternation from polysyllables to monosyllables.

is bias, which we would like to aribute to Universal Grammar, is illustrated

with the Venn diagram in (). Since alternations in initial syllables include

alternations in non-initial syllables, monosyllabic training licenses alternations in

all nouns, but iambic training does not license alternations in monosyllables.
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() Alternating monosyllable are part a superset language

monosyllabic training

iambic training

Alternations allowed in all syllables

Alternations allowed
in non-initial syllables

Note that all the stimuli had final stress, which always put the alternating stop

in the coda of the stressed syllable, effectively keeping stress constant. e

difference between the monosyllables and the iambs is the prosodic position: Only

in monosyllables does the alternation impact the word-initial syllable.

We conclude that given a chance, English speakers ignore the license that

the English lexicon gives to impact initial syllables, and prefer the typologically

aested protection of initial syllables. e participants went directly against the

evidence from their ambient language, showing the emergence of their innate

biases.

 Experiment : Initial syllables also protected in polysyllables

e three experimentswe described in §, §, and § contrastedmonosyllables with

polysyllables, where we saw an asymmetrical preference to protect monosyllables

from alternation. We claimed that the asymmetry is best understood in terms of

initial syllable faithfulness, which can limit alternations in monosyllables but not

in polysyllables. To strengthen the connection between the monosyllabicity effect

and initial syllable faithfulness, we go on here to show that initial syllables are

protected in polysyllables as well.

Loosely inspired by German umlaut,¹² we created a language were all stems are

disyllabic, either trochaic or iambic. For the plural, non-low vowels switch their

backness, e.g. ˈzuməp∼ ˈziməp and səˈfup∼ səˈfip.¹³ e alternation always happens

¹²English umlaut, which always impacts the initial syllable, is limited to the seven nouns man,
woman, goose, tooth, foot, mouse, louse. German umlaut is more productive (Wiese ; Fanselow
& Féry ; van de Vijver & Baer-Henney ). In the plural, it always impacts the initial stressed
syllable, as in [ˈflus ∼ ˈflyːsə] ‘river’ and [ˈbruːdər ∼ ˈbryːdər] ‘brother’. e diminutive [-çən] can
impact non-initial syllables so long as they are stressed, e.g. [admiˈraːl ∼ admiˈrɛːl-çən] ‘admiral’.

¹³We limited ourselves to changes that keep vowel height constant, as these have a limited effect
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in the stressed syllable, so stress is controlled for, and what changes is the position

of the alternation: initial or non-initial. Note that we had to switch from a local

process (where the affix causes a change on immediately adjacent segments) to a

non-local process, where stem-internal segments are impacted; there is no other

way for a process to impact either syllable in a set of disyllables.

. Materials

We constructed  nouns:  target items with non-low vowels, and  fillers with

[ɑ]. e  target items, listed in appendix D, were made by crossing  non-low

vowels (e, u) *  shapes (trochee, iamb), and making  items in each category by

manually filling in consonants. e unstressed vowel in each stem was schwa. e

fillers consisted of  trochees and  iambs, with [ɑ] in their stressed syllable and

schwa in their unstressed syllables, filling in consonants manually.

e “plurals” for the targets were created by flipping vowel backness, i.e.

singular [e] was switched with [o], and singular [u] was switched with [i], as

shown in (). For the fillers, the suffix [-ni] was added to make the plural, leaving

the stem vowels unchanged, e.g. [təˈkɑʃ ∼ təˈkɑʃni], [ˈsɑɡəʧ ∼ ˈsɑɡəʧni].

e vowel inventory of the language, then, was [ɑ e i o u ə], which the

participants saw spelled ⟨a e i o u –⟩, e.g. [tɹəˈmel] was spelled ⟨tr–mel⟩.
e items were recorded by a phonetically trained male native speaker of

English in his twenties from Wisconsin, using the same procedure described in

§. To assign the experimental items plausible meanings, the same pictures were

used as in §.

. Methods

e experiment was delivered over the internet, and presented as an artificial

grammar learning game. In the beginning of the experiment, the web server

randomly assigned each participant to one of two training groups: trochaic or

iambic. e experimental setup is summarized in () and detailed below.

e training stage consisted of  trochaic target items with non-low vowels (

[e],  [u]) in the trochaic training group, and  such iambs for the iambic training

group. Both groups were presented with  fillers with [ɑ],  iambs and  trochees.

In the testing stage, all participants were presented with  trochees ( [e],  [u]),

on duration. We did not use the pair [ɑ ∼ æ], since for many speakers, [æ] isn’t as low as [ɑ].
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 iambs ( [e],  [u]), and  fillers with [ɑ] ( iambs,  trochees).

() Experiment : Artificial grammar setup

Trochaic training Iambic training

Training  troees  iambs
ˈzuməp ˈziməp səˈfup səˈfip
ˈbɹezəl ˈbɹozəl tɹəˈmel tɹəˈmol

 fillers  fillers
məˈfɑt məˈfɑtni məˈfɑt məˈfɑtni
ˈɡɑstəʃ ˈɡɑstəʃni ˈɡɑstəʃ ˈɡɑstəʃni

Testing  troees  troees
ˈfunəl ˈfunəl
ˈʃebəf ˈʃebəf

 iambs  iambs
pəˈdul pəˈdul
kəˈzem kəˈzem

 fillers  fillers
bɹəˈɡɑm bɹəˈɡɑm
ˈbɑləd ˈbɑləd

e training and testing were done following the same procedure as in §, ending

with  trials where participants have to provide plurals for stems that they hear

but do not see wrien.

. Participants

e participants were  users of Amazon’s Mechanical Turk who did not

participate in any of the previous experiments,  assigned to the monosyllabic

training group and  assigned to the iambic training group. ey were paid $.

for their time. e server logs indicate that these participants took on average 

minutes to complete the experiment (range – minutes, median ).

e participants volunteered the following demographic information. Year of

birth was provided by all participants, who reported an average age of  (range

–, median ). ere was no significant age difference between the groups

(difference in mean ∼ years, two-sample t-test, t(.) = ., p > .). Sex: 

females,  males. ere was no significant sex difference between the groups

(monosyllabic training:  females, iambic training:  females, Fisher exact test,

p > .). Ninety-six participants said they grew up speaking English,  said they
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didn’t, one didn’t say. As for the kind of English spoken, almost everybody named

a state or a major city in the US, or said they speak general American English.

Other languages spoken:  participants indicated that they are monolingual, 

indicated some knowledge of Spanish,  indicated some knowledge of French, and

others a smaering of other languages.

. Results

To interpret the plurals that participants typed in, we removed any ⟨ni⟩ suffixes,

and removed all consonants, only leaving the vowel graphemes ⟨a e i u o⟩ and
⟨–⟩. Responses that had one full vowel grapheme and one dash/schwa in the same
order as the singular were considered to match the singular (% of all responses).

Plurals that had ⟨i⟩ in response to a singular [u] or ⟨o⟩ in response to a singular

[e] were considered successful vowel mapping (% of all responses). Finally, fully

successful (“umlauted”) responses were those that matched the prosodic shape of

the singular and also had a successful vowel mapping (% of all responses). All

other responses were considered unsuccessful.

() Experiment : Artificial grammar experiment results

Trochaic training group

fa
it
hf
ul

um
la
ut
ed

trochee iamb

Iambic training group

fa
it
hf
ul

um
la
ut
ed

trochee iamb

In the trochaic training group, umlauted (fully successful) responses were given

to trochaic items more than to iambs (% and %, respectively, a significant

difference). In the iambic training group, umlauted responses were given signifi-

cantly more oen to iambic items than to trochaic items (% vs. %, respectively,

a much larger significant difference), as seen in figure (). We note that umlaut

was applied to iambs in the iambic group more oen than umlaut was applied
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to trochees in the trochaic group (% vs. %), suggesting a small yet significant

preference to apply umlaut word-finally.

e statistical analysis was done with an lmer mixed-effects logistic regression
model, again with the predictors group and untrained and their interaction, as in

§. e resulting model is reported in ().¹⁴

() Experiment : Artificial grammar experiment model

β SE(β) z p-value

(Intercept) −. . −. <.

group −. . −. <.

untrained −. . −. <.

group:untrained −. . −. <.

We see that participants in both groups apply the voicing alternation significantly

less on the shape they were not trained on, i.e. they extend the alternation

cautiously. Of interest here is the significant interaction: Participant were

significantly more reluctant to extend the alternation in the iambic training group

than they were in the trochaic training group. is is exactly what we expected:

with initial syllables being protected by default, participants are reluctant to

impact the initial syllables of trochees if they only see the alternation impacting

non-initial syllables in iambs. We note additionally that there was an overall

preference to impact iambs, suggesting that English speakers prefer umlaut in

word-final position; the protection of trochees we see here goes beyond this

baseline preference for word-final umlaut.

. Discussion

In this experiment, participants learned the vowel changes [e → o] and [u → i]

in stressed syllables. Unstressed syllables were kept as [ə] throughout. Covarying

the stress and the position of the alternation allowed us to keep stress constant

while choosing to impact the initial or non-initial syllable.

Participants who were trained on iambs, where the alternation impacts the

non-initial syllable, were strongly reluctant to impact initial syllables in the

¹⁴To reduce the correlations in the model, both fixed effects were normalized using R’s scale()
function. As random effects, we used item and participant (the fully crossed model did not
converge). e model we report in () uses all  data points ( non-low vowel stimuli * 
participants); the model that uses the  data points that match the prosodic shape of the singular
is essentially identical. e model has low collinearity measures (VIF<=., κ=.).
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testing phase; this contrasts with those trained on trochees, where the alternation

impacted the initial syllable, and who were more willing to extend the alternation

to the non-initial syllable. is results confirms our hypothesis that alternations in

initial syllables imply alternations in later syllables, as shown in the Venn diagram

in (). We see that the protection of monosyllables in § was a case of the more

general protection of initial syllables.

()

Trochaic training

Iambic training

Alternations allowed in all syllables

Alternations allowed
in non-initial syllables

We note one difference between the results here and the results in §. e baseline

application of the alternation to the shape that participants have seen in training

was the same in both groups in §, while here we see a small yet significant overall

bias towards applying the alternation in final syllables. It is possible that the

irregular pasts in English are relevant here, since vowel changes always impact

the final syllable of the verb, as in become ∼ became. In fact, the [e→ o] mapping

is true of one English verb, break ∼ broke. is may bias English speakers to

notice vowel changes more when they occur in the final syllable. At any rate,

this effect is orthogonal to the effect of interest here, which is the significantly

stronger reluctance of participants in the iambic training group to extend the vowel

alternations to initial syllables.

 Discussion: Initial syllable faithfulness protects monosyllables

As discussed in §, most known cases of local morphophonological alternations

impact stem-final elements in polysyllables more strongly than they impact the

same stem-final elements in monosyllables. In this section, we connect this result

to the literature on initial syllable faithfulness (Steriade ; Beckman , ;

Casali ; Barnes ; Jesney ; Becker ; Becker et al. ).

Given a set of constraints that includes both general faithfulness (I) and

a faithfulness constraint that only penalizes unfaithful mappings in the initial
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syllable (I-σ), alongside a relevant markedness constraint (M), there

are only three languages that are possible, as schematized in (). With M

outranking both faithfulness constraints, alternations will be observed in all stems,

regardless of size. With general I outranking M, no alternations will be

observed, regardless of the ranking of I-σ. When M is outranked by

I-σ but not general I, monosyllables are protected from alternations, but

polysyllables aren’t. Crucially, this set of constraints cannot describe the English

lexicon, where monosyllables are more strongly impacted by markedness than

polysyllables.

() M≫ I, I-σ Alternations observed everywhere

I, I-σ≫M Alternations observed nowhere

I-σ≫M≫ I Alternations observed in polysyllables

e results of the ranking possibilities in () are important, because they demon-

strate that once the learner brings to the task an inventory of constraints with

specialized reference to initial syllables but without any specialized reference to

non-initial syllables, it will not be possible to encode (and therefore generalize) a

paern of greater alternation in initial syllables as opposed to non-initial syllables.

In what follows, we sketch out an implementation in which the predictions

made in () – stated in categorical, exceptionless terms – are not disrupted by the

presence of the lexical exceptions. We demonstrate that the basic paern holds

when supplemented with the UL approach to exceptionality (Zuraw ;

Hayes & Londe ), noting that many other approaches to exceptionality may

be compatible as well.

UL is a constraint that penalizes the productive combination of stems

and affixes when the learner already has the combination listed in their lexicon.

More familiar forms are more strongly listed, and thus respond more strongly to

UL and less strongly to other faithfulness constraints and to markedness

constraints. is means that for an adult English speaker, a common plural like

‘knives’ is protected by UL, as shown in (). Candidates (a) and (b) were

generated directly from the listed form [naɪvz], whereas candidates (c) and (d) are

made by combining the root [naɪ] with the plural suffix. e constraints I

and I-σ, which here only penalize unfaithful mappings in the root, prefer

the faithful fricative (voiceless in the UR, voiced in the listed plural). Markedness

prefers the voiced fricative (see below), but both faithfulness and markedness are

outranked by UL.
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() ‘knives’ protected by UL

/naɪf + z/, listed: [naɪvz] UL I I-σ M

a. + naɪvz→ naɪvz

b. naɪvz→ naɪfs * * *

c. naɪf+z→ naɪvz *! * *

d. naɪf+z→ naɪfs *! *

With a nonce word such as [bɹaɪ], the speaker has no plural form listed, so

combining the base and the plural suffix is the only option, as shown in ().

Both candidates violate UL equally, and the decision is handed down to

the stochastically ranked or weighted markendness and faithfulness constraints.

() ‘brife’ controlled by markedness and faithfulness

/bɹaɪf + z/, listed: [] UL I I-σ M

a. + bɹaɪf+z→ bɹaɪvz * * *

b. + bɹaɪf+z→ bɹaɪfs * *

UL is similarly irrelevant for a novel polysyllable such as [səˈbaɪ], in which

a voicing alternation only incurs a violation of I, not I-σ. is means

that regardless of the ranking/weighting of I-σ, [səˈbaɪvz] has to be at least as

acceptable as [bɹaɪvz]; the grammar cannot replicate the lexical tendency to voice

more in monosyllables.

() ‘sebife’ controlled by markedness and general faithfulness

/səˈbaɪf + z/, listed: [] UL I I-σ M

a. + səˈbaɪf+z→ səˈbaɪvz * *

b. + səˈbaɪf+z→ səˈbaɪfs * *

We see, then, that UL can enforce faithfulness to any arbitrary list of

plurals in the memorized lexicon. Importantly, however, for nonce words (as in

a wug task, or any generalization to novel data), the decision is handed down to

markedness and faithfulness, and therefore the range of possible generalizations

is the one schematized in (). is effect is precisely what was observed with

English speakers in Experiments  and : the lexicon contains an anti-universal
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arrangement of existing nouns, with more alternations in monosyllables, but the

nonce words exhibit a paern that can derived with the constraints in ().

We reiterate that this result fundamentally depends on the limited ranking

possibilties offered by the set of constraints in (), and that the treatment of

exceptions alongside that grammar need not be limited to the UL approach.

e analysis of lexical exceptions in terms of constraint cloning (Pater , ;

Coetzee ; Becker ; Becker et al. ), provides the same result. Existing

items are listedwith clones of the constraints in (), with nonce forms again giving

rise to one of the universally available generalizations.

We note that our analysis assumes an underlyingly voiceless fricative in the

root /naɪf/. is is an aspect of an what Hayes (, ) calls an “inside-out”

analysis, where the UR is assumed to be identical to the base of the paradigm. is

approach is also argued for in Becker (); Becker et al. (), and the same

approach is used successfully outside Optimality eory in Albright (, ).

Alternatively, however, one can think of the faithfulness constraints in () and ()

as OO-Faith constraints (Benua  et seq.), in which case it doesn’t maer what

the laryngeal specification of the fricative is in the UR, since OO-Faith protects the

unarguably voiceless fricative that surfaces in the singular form.

As for the exact nature of the markedness constraint that causes the alternation

in English, we are not in a position to decide; we have studied the morpho-

lexical distribution of the alternation, not its phonetic realization. Clearly, English

does contrast two kinds of fricatives word-finally, as in [tɹuθ] ‘truth’ vs. [smuð]

‘smooth’. Yet the transcription does not do justice to the realization of the contrast,

which involves a short vowel and long fricative in ‘truth’, but a longer vowel and

shorter, weaker, optionally voiceless fricative in ‘smooth’. Since it’s not clear that

the process generates a genuinely voiced fricative, it is not clear that this relates

to the debate about final voicing (Blevins ; Yu ; Kiparsky ; et seq.).

We conjecture that the ‘voicing’ alternation is a case of morphologically restricted

lenition, which historically was more widespread in English (see Honeybone &

Spaargaren  and references within). We note that connecting the alternation

to the differences in duration heard on the fricative itself and on the preceding

vowel, makes sense of the effect of vowel length: Leniting a fricative following a

long vowel like [i] further lengthens that vowel and enhances its length. Leniting

a fricative following a short vowel like [ɪ] lengthens the vowel, thus obscuring its

identity as a short vowel.
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To summarize, then, we have seen in this section how the initial syllable
faithfulness approach accounts for the paern of Experiments -. e factorial

typology generates languages with alternations that apply to monosyllables and

polysyllables equally, or languages with alternations that apply to polysyllables

only, but no languages with alternations applying to monosyllables only. While

lexical exceptions can be found in a language like English, where the alternation

applies to the existing listed monosyllables more than it does to existing listed

polysyllables, this difference does not make it into a grammatical encoding that

generalizes, as reflected in the speakers’ treatment of nonce words.

 Conclusions

We have shown that in the English lexicon, monosyllables are impacted by voicing

alternations (as in knife ∼ knives) more than polysyllables. In fact, the third top

of the scale in our rating task was populated by monosyllables only. Iambs and

trochees (defined here as polysyllables with a final stressed and unstressed syllable,

respectively) were less acceptable with voicing alternations. In a nonce word task

(wug-test), however, monosyllables and iambs were equally acceptable as voiced

by English speakers. e means that a generalization that is true about the lexicon

is not being projected onto nonce words; the generalization goes unlearned by the

speakers (“the surfeit of the stimulus”, Becker et al. ). Our results underline

the necessity of complementing typological work with experimental work, since

some languages may offer generalizations in the lexicon that don’t form part of

the speakers’ grammar. Furthermore, we note that omnivorous statistical learners

must be restrained by a set of built-in biases, or they will fail to learn the grammar

that humans have. A paern may be strongly present in the data that is available

to the learner, and yet go unlearned.

We connected the English effect to a universal implicational relationship:

Alternations in monosyllables imply alternations in polysyllables, but alternations

on polysyllables allow monosyllables to remain faithful. is is seen in Turkish

and in other languages, where alternations are preferred in polysyllables (§).

e grammar cannot prefer having alternations in monosyllables, and if there

is such a paern in the lexicon of a language, it cannot be learned. We derive

this implicational relationship from initial syllable faithfulness, which states that

the word-initial syllable is protected from alternations. Constraints that protect
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non-initial syllables are excluded from C, thus restricting the range of possible

grammars. We note that while much recent literature explores the idea of inducing

markedness constraints from the ambient language (e.g. Hayes & Wilson ;

Boersma & Pater ; Moreton ), we know of no such proposals for learning

faithfulness constraints. It would seem at the moment that faithfulness constraints,

including their sensitivity to strong positions (onset, stressed syllable, initial

syllable, etc.), are still a part of the what the learner brings to the table.

To show that even English speakers are biased to prefer the protection of

monosyllables, we ran two artificial grammar experiments. In the first, we trained

half of our participants on alternations in monosyllables, and half on alternations

in polysyllables. While both groups applied the alternation cautiously to the

shape their haven’t seen, those trained on polysyllables applied the alternation

significantly more cautiously to the monosyllables they haven’t seen, relative to

those trained on monosyllables. In other words, the English speakers deployed the

universal implicational relationship, as seen in Turkish.

To strengthen the connection between the monosyllabicity effect and initial
syllable faithfulness, we ran a second artificial grammar experiment, where all

stems were disyllabic. We trained half of our participants on alternations in

trochees, and half on iambs. Both groups of participants were cautious in applying

the alternation to the position they haven’t seen it in, but those trained in applying

the alternation in iambs were significantly more cautious than those trained on

trochees. It is clear, then, that the same kind of bias is seen in both experiments:

Initial syllables are protected, and seeing alternations in non-initial syllables does

not imply that the alternations will apply in initial syllables.

is paper’s main focus is on local morphophonological alternations, which

affect segments that are adjacent to the triggering affix, and which are expected

to exhibit protection of initial syllables. In our artificial grammar experiments,

we see the protection of initial syllables in both local and non-local alternations.

Typologically, however, non-local alternations such as the German umlaut and

the Chamorro umlaut may in fact show the opposite paern, preferring to apply in

initial syllables. If this is true, we expect to see araction to initial syllable changes

in irregular pasts in English, such as feel ∼ felt. To our knowledge, however, wug
testing of German umlaut, as in van de Vijver & Baer-Henney (), and wug

testing of the English past, as in Prasada & Pinker (); Albright & Hayes (),

have been limited to monosyllabic items only, leaving the prediction about the
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treatment of polysyllables untested. ere is more experimental work to be done,

therefore, in exploring non-local alternations and their impact on initial vs. non-

initial syllables.

Finally, we discussed the ultimate source of this protection of monosyllables,

and generally of initial syllables. Our finding, that English speakers do not extend

the paern from their lexicon, and prefer the Turkish-like paern in an artificial

language, is inconsistent with Barnes’s () suggestion that initial syllable

faithfulness is due to increased duration of initial syllables. As Barnes () notes,

initial syllables have longer duration in Turkish and shorter duration in English,

and yet we find that speakers of both languages prefer the Turkish-like protection

of initial syllables. It seems doubtful, then, that the protection of monosyllables

is phonetically grounded. Deriving the protection of monosyllables from denser

lexical neighborhood, as proposed in Ussishkin & Wedel (), has the advantage

of predicting a uniformly cross-linguistic preference for less alternations in short

words, since neighborhood density is always inversely correlated with length.

However, the neighborhood density effect is shown to be too weak by Pycha et al.

(); Becker & Nevins (). Furthermore, neighborhood density will not be

able to distinguish local and non-local alternations, potentially leaving Chamorro

umlaut unaccounted for. We conclude that at present, there is no known functional

motivation for the protection of monosyllables. We aribute the protection of

monosyllables to initial syllable faithfulness as an atomic element of the theory.

We leave open the possibility that some functional motivation was phonologized

(Hyman , ) and incorporated into the grammatical apparatus.

e emerging picture is that initial syllable faithfulness, and perhaps positional
faithfulness more generally, is a powerful organizing force in the regulation of

morphophonological alternations on stems. It exerts an asymmetrical pressure to

keep initial syllables intact, while allowing alternations in later syllables. Since

we see its effect even in speakers who possess evidence to the contrary in

their own language, we aribute this to an inherent bias, a part of Universal

Grammar. We have shown that this bias causes a lexical generalization to go

unlearned (a surfeit of the stimulus), and that it shapes the expectations that

speakers have in artificial grammar experiments with partial training data (a

poverty of the stimulus). Unlike those positional faithfulness constraints that are

clearly phonetically based (faithfulness to onsets, stressed syllables), or positional

faithfulness constraints that are sensitive to the morphology (faithfulness to roots,
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nouns, Smith , ), initial syllable faithfulness seems to be a purely formal

and purely phonological element of the theory. While it may be grounded in

phonetic and psycholinguistic pressures, its status is phonologized, as it exerts a

formal guiding hand in hypothesis formation during acquisition, as illustrated in

the Subset Principle schema; it asymmetrically biases learners against generalizing

from non-initial to initial syllables, but not vice-versa.
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A Experiment  results by item

e items are listed with average responses (=voiceless, =voiced).

monosyllables

bath .
berth .
bluff .
booth .
breath .
brief .
broth .
calf .
chef .
chief .
clef .
cliff .
cloth .
cough .
cuff .
death .
dwarf .
earth .
elf .
faith .
fife .
fourth .
gaffe .
goof .
Goth .
graph .
growth .
gulf .
half .
hearth .
heath .
hoof .
knife .
laugh .
leaf .
life .
loaf .
month .
moth .
mouth .
myth .

nymph .
oaf .
oath .
path .
prof .
proof .
puff .
quaff .
reef .
ref .
roof .
safe .
scarf .
self .
serf .
sheaf .
sheath .
shelf .
skiff .
sleuth .
sloth .
sniff .
spoof .
staff .
stiff .
strength .
swath .
thief .
tiff .
trough .
truth .
turf .
waif .
wharf .
whiff .
width .
wife .
wolf .
wraith .
wreath .
youth .

iambs

aermath .
behalf .
belief .
blacksmith .
carafe .
castoff .
coelacanth .
earmuff .
eighteenth .
epitaph .
giraffe .
handcuff .
midriff .
motif .
paragraph .
pilaf .
polymath .
psychopath .
relief .
sabertooth .
vermouth .

trochees

absinth .
azimuth .
bailiff .
Behemoth .
billionth .
caliph .
eightieth .
goliath .
hieroglyph .
hyacinth .
kerchief .
mammoth .
mastiff .
monolith .
plaintiff .
pontiff .
Sabbath .
seraph .
serif .
sheriff .
tariff .
triumph .
zenith .





B Experiment  results by item

e items are listed with average responses (=voiceless, =voiced).

monosyllables

beɪf .
bɹaɪf .
bʌnf .
dif .
duf .
ʤæf .
glif .
jɛf .
kɚf .
klʊf .
meɪf .
nɪf .
noʊf .
ɹoʊf .
sɛnf .
smɑf .
stɚf .
sʌf .
ʃɪlf .
wɑf .
zælf .
zaɪf .

biθ .
bɪlθ .
doʊθ .
dwiθ .
huθ .
kɹæθ .
kʌθ .
kwɚθ .
lɪθ .
pælθ .
pɑɹθ .
peɪθ .
pɛlθ .
prʊθ .
skɛθ .
smeɪθ .
stɚθ .
sʌlθ .
ʃɹaɪθ .
ʧaɪθ .
ʧoʊθ .
wɑθ .

iambs

bəwælf .
glənɑf .
həbɑf .
jəstɚf .
kəzɪnf .
kwəzʌf .
məleɪf .
nədʌlf .
nəʃɪf .
nətoʊf .
pətɛlf .
pɚnæf .
ɹədif .
səbaɪf .
səkloʊf .
stərʊf .
ʃənɚf .
təŋkeɪf .
tɹəluf .
wəgɛf .
wəɹif .
zəkaɪf .

brəloʊθ .
dəkɛlθ .
dəpaɪθ .
ʤəzɑθ .
gənɚθ .
həleɪθ .
həɹiθ .
həsaɪθ .
kənɑθ .
kənuθ .
nəboʊθ .
rəstɪlθ .
ɹəstɛθ .
səkɚθ .
səpʌlθ .
səsælθ .
səstʌθ .
ʃədʊθ .
ʃəkæθ .
təɹeɪθ .
təspɪθ .
zəziθ .

trochees

brʌnləf .
ʤɑnəf .
floʊdəf .
glɚsəf .
junəf .
jælməf .
kaɪrəf .
kreɪdəf .
nɛlgəf .
pidəf .
rɪlkəf .
ɹaɪləf .
seɪləf .
stɚnəf .
stʊkəf .
ʃædəf .
ʃɛstəf .
ʃʌtəf .
tɑkəf .
ʧɪdəf .
voʊləf .
wibəf .

ʤʌkəθ .
fɪdəθ .
haɪləθ .
hɑkəθ .
kælnəθ .
lɚbəθ .
lisəθ .
moʊdəθ .
nækəθ .
neɪgəθ .
paɪdəθ .
roʊsəθ .
ruvəθ .
ɹikrəθ .
sɑstəθ .
sɛŋgɪθ .
sɪltəθ .
speɪləθ .
ʃɛnəθ .
tʌlpəθ .
wɚgəθ .
wʊkəθ .





C Experiment  results by item

e items are listed with the average responses they received in each group

(=voiceless, =voiced).

mono training iamb training

zap . .
flep . .
sep . .
mip . .
bop . .
ʃop . .
nup . .
ʧup . .
braɪp . .
ɡaɪp . .

ɡrat . .
dret . .
klet . .
vit . .
zot . .
ʒot . .
prut . .
stut . .
paɪt . .
skaɪt . .

strak . .
ɡlek . .
ʧek . .
nik . .
dok . .
prok . .
fuk . .
huk . .
blaɪk . .
ʃaɪk . .

mono training iamb training

dərap . .
həsap . .
təɡep . .
kənip . .
rəlip . .
fəʧop . .
ɡətop . .
ʤəlup . .
sərup . .
ʧənaɪp . .

frədat . .
nəmat . .
ʒənet . .
bəɡit . .
səplit . .
ʃəlot . .
ʧədot . .
ɡəʃut . .
kləput . .
fəhaɪt . .

ɡləzak . .
ʧəpak . .
pənek . .
bəsik . .
ɡəfrok . .
ləʃok . .
bəʧuk . .
ʒətuk . .
rədaɪk . .
səpaɪk . .





D Experiment  results by item

e items are listedwith the average responses they received in each group (=non-

alternating vowel, =umlauted).

trochee training iamb training

bəchuk . .
chəmum . .
drətup . .
frəkuf . .
gəsut . .
kənul . .
kləput . .
pədul . .
pləsum . .
səfup . .
shrətuk . .
təshuf . .

bəndef . .
kəshel . .
kəzem . .
məpek . .
nədep . .
pəsnem . .
pləzek . .
skənet . .
sməref . .
stəfet . .
təgep . .
trəmel . .

trochee training iamb training

blukəm . .
bulək . .
funəl . .
gunək . .
kushət . .
lupət . .
mustəp . .
prusəm . .
shundəf . .
suməl . .
sutrəf . .
zuməp . .

brezəl . .
chedrəl . .
deshəf . .
frenəp . .
kefət . .
krefəm . .
kreshək . .
lefəp . .
prekət . .
sefək . .
shebəf . .
zedrəm . .


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