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Abstract

A key observation about wordlikeness judgements, going back to some of the earliest work
on the topic is that they are gradient in the sense that nonce words tend to form a cline of
acceptability. In recent years, such gradience has been modelled as stemming from a gradi-
ent phonotactic grammar or from a lexical similarity effect. In this article, we present two
experiments that suggest that at least some of the observed gradience stems from gradience
in perception. More generally, the results raise the possibility that the gradience observed in

wordlikeness tasks may not come from a gradient phonotactic/phonological grammar.
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1 Introduction

It has long been observed that native speakers have strong intuitions about “possible words” in their
language. For example, Halle (1962) and Chomsky and Halle (1965, 1968) observe certain unat-
tested words—Ilike [bik] or [blik]—are judged by native speakers to be possible words of English,
whereas others—[bnik] or [vnig]—are judged impossible. There have been many experimental
studies attempting to probe the source of such “wordlikeness” judgements, i.e., acceptability judge-

ments of nonce words, and such studies increasingly include sophisticated computational modeling
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of the judgements obtained (Albright 2009; Albright and Hayes 2003; Bailey and Hahn 2001}; Co-
etzee and Pater 2008; Coleman and Pierrechumbert 1997; Daland et al. 2011|; Frisch, Pierrehumbert,
and Broe 2004; Gorman 2013; Greenberg and Jenkins 1964; Hayes and Wilson 2008; Ohala and
Ohala [1978, 1986; Pierrehumbert 2001}, 2003|; Pizzo 2015; Scholes [1966; Vitevitch and Luce [1998,
1999; Vitevitch et al. [1997; Wilson and Gallagher 2018, amongst others).

One key observation about wordlikeness judgements, going back to some of the earliest work
on the topic (Chomsky and Halle [1968; Greenberg and Jenkins [1964; Scholes [1966), is that they are
gradient in the sense that nonce words tend to form a cline of acceptability. For example, Scholes
(1966) asked American seventh grade students to judge whether a series of nonce words were pos-
sible or impossible words of English; by aggregating the judgements across students, he discerned
a cline of acceptability. In past work, some researchers have proposed that gradience reflects sim-
ilarity to existing words, perhaps because the judgement task makes use of lexical search (Bailey
and Hahn 2001f; Ohala and Ohala [1978, 1986; Vitevitch and Luce 1998, [1999; Vitevitch et al.
1997). Alternatively, more recently, many researchers have explored the possibility that such ob-
served gradience ultimately stems from a gradient phonotactic grammar independent of the lexicon
(Albright 2009; Albright and Hayes 2003; Coetzee and Pater 2008; Coleman and Pierrehumbert
1997; Daland et al. 2011}; Frisch, Pierrehumbert, and Broe 2004; Hayes 2000; Hayes and Wilson
2008; Pierrehumbert 2001, 2003; Pizzo 2015; Shademan 2006; Wilson and Gallagher 2018, among
others). For example, the fact that the input [blik] is typically judged better than [bnik] which in
turn is typically judged better than [bzik] is modelled within the grammar through gradient gener-
alisations.l One way to model it within a gradient grammar is in the form of increasing weights
associated with the statements *bl, *bn, and *bz, where a higher weight is associated with higher
ungrammaticality and lower actual frequency of occurrence of structural factors (such as, featural
combinations) in real words, and the grammar would assign a higher weight to words where the

structural factors within them have higher weights. A second way to model the same fact within a

"Note, in the interest of not distracting the reader from the main point of the paper, we only provide a very high-level
description of such gradient models. We refer the reader to the cited work and to Durvasula and Liter (2020) for more
in-depth discussion of the relevant models.



gradient grammar is to consider phonotactic statements about possible sequences within the gram-
mar as being attached to probabilities (again, reflecting actual frequency of occurrence of structural
factors in real words), and the grammar would assign lower probabilities to words where the struc-
tural factors within them have lower probabilities.E

While one can obviously see the merits of such a strategy, we would like to raise awareness
here that the approach of directly modelling gradient acceptability judgements as stemming from
gradient generalisations within a grammar presupposes that a substantial portion of (if not all) the
observed gradience in acceptability judgements stems from the grammar. As we will argue in this
paper, this presupposition is incorrect.

Despite the dominance of gradient phonotactic knowledge or lexical similarity as the basis of
gradient wordlikeness judgements in current thinking, there are likely many other interacting fac-
tors that affect such judgements. Indeed, linguists and psychologists have long recognised that all
linguistic performance is a complex, multifactorial phenomenon (Chomsky [1965; Schiitze (1996,
2011;; Valian 1982). Therefore, we should be exploring how these factors affect acceptability judge-
ments in tandem with the proposed grammar. Note, our larger point is not that such gradient models
are inadequate to account for the observed acceptabilities (some of them, such as the Hayes and
Wilson (2008) UCLA Phonotactic Learner, are often very powerful weighted grammars and can
sometimes fit observed data extremely well) — it is more that such complex models might be
unnecessary to account for the observed gradience, if we better factor out the sources that affect
acceptability judgements. Therefore, such gradient grammatical models, while sometimes effective
in accounting for observed data, might not be an accurate reflection of the underlying computations
made by human beings.

One such additional factor on wordlikeness judgements is the perceptual system itself. There is
now a clear consensus that the perceptual system does not result in a single categorical percept, as
was thought before (Liberman et al. 1957), but has a gradient response (Massaro and Cohen 1983;

McMurray et al. 2008; Norris and McQueen 2008; Norris, McQueen, and Cutler 2003, amongst

2 As has been noted right from the earliest such attempts (Coleman and Pierrehumbert [1997), both of these strategies
have the problematic consequence that longer words are always expected to be less acceptable than shorter words.



others). Note, however, the observation of a gradient response need not be analysed as the per-
ceptual system recovering a gradient representation; in fact, there is robust research arguing it is
possible to model the gradient response of the perceptual system as the product of recovering a prob-
ability distributions over possible categorical representations of the acoustic input (Caplan 2021};
Feldman and Griffiths 2007; Kleinschmidt and Jaeger 2015; Norris and McQueen 2008; Norris,
McQueen, and Cutler 2003; Sonderegger and Yu 2010, amongst others). More importantly for the
purposes of the paper, given the possibility of gradience in the perceptual responses, some of the
observed gradience in wordlikeness judgements may reflect this gradience.

Relatedly, stimuli which violate native language phonotactic generalizations have been ob-
served to induce perceptual illusions (Dupoux et al. [1999; Hall¢ et al. 1998; Kabak and Idsardi
2007; Moreton 2002). For instance, Japanese speakers perceive /ebwizo/ when [ebzo] is presented,
likely because consonant clusters like [bz] are illicit in Japanese.E The preceding observations raise
a question relevant to wordlikeness judgements: just how do speakers make judgements of unac-
ceptability, if unacceptable stimuli are those which induce perceptual illusions, i.e., those which
are often unfaithfully perceived and perceptually “repaired”? Two possibilities suggest themselves:
either (a) acceptability judgements are made before the perceptual repair, making them indepen-
dent of the repair, or (b) the acceptability judgement is made after perceptual repair, making them
contingent upon the post-repair percept(s). These two possibilities are schematised in (). The
second possibility would pose serious problems for the study of phonotactic knowledge via word-
likeness judgements, as such judgements would be based on a representation that has already been
“repaired” by phonological knowledge to conform to the patterns in the language, i.e., as per the
second possibility, the grammar affects the actual percept itself, so it is not quite clear why a judge-

ment would involve the use of the grammar again on the perceived input.

3In talking about illusions, we will discuss them as categorical and singular percepts so as to be consistent with
the exposition of the issue in prior research in the field. However, in line with the main thrust of the article, we think
that the illusion itself results in a gradient response from the perceptual system, and not a single categorical percept.
Furthermore, as pointed out above, some important recent work suggests that the gradient response of the perceptual
system is more likely to be a probability distribution over possible categorical representations of the acoustic input.
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1. Two possibilities for how perception and acceptability judgements interact

(a) Judgement on veridical input (b) Judgement on “repaired” input
[Input Audio] [Input Audio]
Veridical/Faithful Percept Repaired probabilistic percept
Repaired probabilistic percept Acc. Judgement Acc. Judgement

Consistent with the view (in [1H), we will argue that wordlikeness judgements are in fact based
on perceived (and “repaired”) representations.

Furthermore, the issue of non-veridical (and gradient) perception is even present with the per-
ception of /licit CV sequences of nonce words. For instance, the classic Miller and Nicely ([1955)
study shows that there is a lot of variability in responses of licit monosyllabic CA nonce words
(even in the high signal-noise ratio condition), with some CV sequences showing far more vari-
able identification than others. Therefore, there is a gradience in perception that is not equitably
distributed across all sequences. However, typical word-acceptability modelling proceeds with the
modelling assumption that the acceptability judgement is over a percept that is identical to the input
stimulus, and that there is no bias or variance introduced by the perceptual system. Consequently,
such models that implement gradient phonotactic knowledge attempt to account for the observed
gradience purely through the grammar. In contrast to this assumption, we will argue that at least
some of the gradience observed in such judgements stems from gradience in the perceptual system.

Of course, there are many other possible factors that influence both wordlikeness judgements
and the gradience observed in such tasks—task effects (Armstrong, Gleitman, and Gleitman [1983;
Schiitze 2005), prosodic factors such as minimal word constraints (McCarthy and Prince [1986;
Nespor and Vogel 1986), or morphological parsing (Coleman and Pierrehumbert 1997; Hay, Pier-

rehumbert, and Beckman 2004), for instance—that could influence wordlikeness judgements, but



we leave a systematic exploration of such factors to future work.

In this article, we focus on Korean to show that the gradience in acceptabilities, at least partly,
stems from perceptual gradience. We specifically focus on Korean as there is a fair bit of work
on how specific unobserved consonantal sequences trigger perceptual illusion (Berent et al. 2007
Durvasula and Kahng 2015, 2016; Kabak and Idsardi 2007; Yun 2016)), and we utilise these illusory
vowel patterns to explore the role that perception plays in wordlikeness judgements. In Experiment
1 (Section ), we will show using a combined wordlikeness judgement and identification task that:
(a) the acceptability of nonce words with such sequences is contingent on the presence/absence of
an illusory vowel; which thereby suggests that such wordlikeness judgements are made based on
the “repaired” perceived stimulus, not on a veridical percept of the acoustic input; (b) the accept-
ability of the nonce words depends on the rate at which illusory vowels are perceived in perceptual
experiments across participants, which suggests that at least some of the gradience can be traced
back to the perceptual system. In Experiment 2 (Section f]), we will show that the overall patterns
of acceptability judgements observed in Experiment 1 were not due to a task effect related to the

presence of an identification task as part of the experiment.

2 Experiment 1

As mentioned above in the Introduction, Korean is the focal language in this article. The language
has no obstruent coda consonants word-internally that are not part of a geminate sequence (Sohn
1999). Therefore, word-medial sequences such as [*cm, *cn, *jm, *jm, *bn, *bm, *pm, *pn...]
are not observed in the language. Furthermore, such word-medial sequences have been observed
to trigger illusory vowels (Berent et al. 2007; Durvasula and Kahng 2015, 2016; Kabak and Idsardi
2007). More specifically, it’s been observed that palatal obstruent stop+nasal consonant sequences
such as [cm, cn] trigger both illusory [i] and illusory [1], while labial stop+nasal consonant se-
quences such as [bm, bn] trigger illusory [1] (Durvasula and Kahng 2015, 2016; Kabak and Idsardi
2007).

In order to understand the influence of perception on the gradience observed in acceptability



judgements, we collected acceptability ratings and perceptual identification information simultane-
ously from Korean participants. Furthermore, to establish that the Korean listeners are indeed hear-
ing perceptual illusions based on their linguistic knowledge and not based on experimental/stimulus
artefacts, we used American English listeners as a control group. American English does allow
word-medial obstruent+nasal consonant sequences, and consequently, such speakers have not been
observed to hear perceptual illusions at the same rate as Korean listeners for such sequences (Dur-
vasula and Kahng 2015, 2016; Kabak and Idsardi 2007). Note, the American English listeners
are part of this experiment solely to replicate prior results that Korean listeners do hear illusory
vowels in the target stimuli. Consequently, while they participate in the same experiment as the
Korean participants (except for differences in instruction language and prompts), only their percep-
tual identification results will be presented here to establish the perceptual illusions of the Korean

listeners.

2.1 Methods

2.1.1 Participants

Twenty-nine native Korean speakers (18 women and 11 men, age: 19-25 years) and 21 native
American English speakers (14 women and 7 men, age: 19-30 years) participated in the experi-
ment. All the Korean speakers were recruited in Daegu, South Korea. All the English speakers
were recruited in Michigan, United States. The Korean participants were compensated for their

participation and the English participants received extra credit for their participation.

2.1.2 Stimuli

Forty-eight nonce words of the form [V,C,V,C,a] were used, in which V| was [a, i, u], C; was
[c, b], V, was [1, 1, ; (null)], and C, was [m, n] (3*2*3*2 = 36). There were another 12 nonce

word distractor items that had the template [V;C,C,a], in which V; was [a, i, u]; C; was [m, n,

“The inclusion of a control group is now standard practice in the study of auditory illusions to guard against stim-
ulus/experimental artefacts.



y]; C, was [b, d, g, t]. Note, the distractor items were present to also ensure that there were clear
examples of stimuli without a medial vowel (V) that did not violate any native phonotactics. Each
of the 48 nonce words had two different recordings (total number of stimuli =48 * 2 = 96). None
of the stimuli were words in Korean or English. They had stress on the first vowel, and were
naturalistic recordings by one of the authors, who is a female Korean-English bilingual. All items
were recorded using Praat (Boersma and Weenink 2016), with a Blue Snowball USB microphone
(frequency response 40 Hz—18 kHz) at a 44.1 kHz sampling rate (16-bit resolution; 1 channel). The
stimuli were normalized in Praat to have a mean intensity of 65 dB SPL.

Given the rather large set of stimuli, we are unable to present the waveforms and spectrograms
for all the stimuli. However, in Figure [, we present waveforms and spectrograms of the stimuli
[abama, acama, abma, acma]. In order to ensure that we did not present a biased sample, we
chose to present the alphabetically first sample of each crucial case.8 A reviewer wondered if the
VCCa stimuli had strong burst releases for the first consonant [C]. In our stimulus selection and
pronunciations, we took care to ensure there were no such clear bursts, and in fact, as can be seen in
the figure, the VCma stimuli (1d{1d) did not have any observable burst releases that could trigger

illusory vowels.

>The reader can find all the sound files, experiment files, and result files for all the experiments reported in this
paper at the following Open Science Foundation repository: https://osf.io/eShgz/.
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