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ABSTRACT
This paper reports the results of a wordlikeness
task designed to investigate Cantonese speakers’
phonotactic knowledge of systematic and accidental gaps. Regression analyses found that wordlikeness judgments correlate with token frequencyweighted neighborhood density and conditional (bigram) probability. This is suggested to be an effect
of the relative phonological densities of the Cantonese and English lexica.
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1.

INTRODUCTION

Early work in generative phonology focused on
a distinction between possible versus impossible
words [10]. Possible words became known as accidental gaps, while impossible words were presumed
to be the result of systematic gaps. Classical generative phonology predicts speakers should categorically judge accidental gaps to be well-formed and
systematic gaps to be ill-formed. However, research
into well-formedness suggests speaker judgments of
both words and nonwords to be gradient in nature,
and influenced by lexical as well as phonotactic factors [1] [5] [6] [15].
With respect to gap well-formedness, hese observations suggest two hypotheses. First, if accidental
gaps represent possible words and systematic gaps
impossible words, speakers should rate accidental
gaps more highly than systematic gaps in a wordlikeness judgment task. Second, if well-formedness
is gradient, speaker judgments should differ within
the group of systematic gaps; if the classical model
is correct, no significant differences in judgments
should be observed between systematic gaps. To
this end, an experiment was performed probing Cantonese speakers’ wordlikeness judgments on a set
containing both possible and impossible words.
Since phonotactics often ban particular segments
or sequences of segments, it was hypothesized that
conditional phonotactic probability should correlate
with gradient acceptability (‘goodness’ or ‘wordlikness’) of nonwords, as has been demonstrated previ-

ously [5] [6]. Lexical support has also been shown
to correlate positively with nonword judgments [1]
[15], leading to the prediction that neighborhood
density would also correlate positively with nonword acceptability [9].
1.1.

Cantonese phonology

Cantonese is a Yue language spoken in Hong Kong,
Guangdong province of China, and by a large diaspora throughout the world. The language contains
19 consonants /p ph t th ts tsh k kh kw kwh m n N
f s h l j w/, of which only nasals, glides, and /p t
k/ are permitted in coda position. Cantonese rimes
contain one of 8 monophthongs /a: a E: i: O: ø: u: y:/
or 11 diphthongs /ai 5i au 5u ei Eu 8y Oi ui iu ou/,
and bear one of 6 tones /55 25 33 21 23 22/, with
three ‘checked’ allotones /5 3 2/ occurring in syllables ending in unreleased /p t k/.
1.2.

Cantonese phonotactics

This study considered three Cantonese phonotactic
constraints: labial, coronal-vowel, and onset-tone
restrictions, as well as so-called accidental gaps.
1.2.1.

Labial gaps

Cantonese syllables are barred from containing both
labial onsets and codas (*pap, *pu:p). Labial codas
do not occur with rounded vowels (*-y:m, *-O:m),
nor do labial onsets occur with front rounded vowels (*mø:-, *my:-). However, the labial onset-coda
restriction admits some exceptions in the form of
loanwords and onomatopoeia [2].
1.2.2.

Coronal-vowel gaps

Syllables containing both coronal onsets and codas
together with the nuclei /O: u:/ are disallowed (e.g.
*tO:n, *tu:t), as are syllables containing both coronal
onsets and the nucleus /u:/ (*tu:p, *tu:, etc.).
1.2.3.

Onset-tone gaps

Unaspirated initials /p t ts k kw / do not occur in syllables with tones 23 or 21 (*pa23, *ta21), and aspirated initials /ph th tsh kh kwh / do not occur with the
22 tone (*ph a22, *th u:22).
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Previous analyses

Cantonese gaps, especially the labial gaps, have received some previous attention in the literature [2]
[17]. Broadly speaking, these analyses attribute the
gaps to Obligatory Contour Principle (OCP) violations. Work by Frisch and colleagues [7] [8] suggests that speakers of Arabic are sensitive to type
and degree of OCP violation, and that this sensitivity manifests itself in wordlikeness judgments.
When presented with novel verb forms which violate the relevant OCP-Place constraint, Frisch & Zawaydeh [8] found that judgments were gradiently influenced by consonant pair similarity. The authors
also show that Arabic speakers rate systematic gaps
much less wordlike than structurally equivalent accidental gaps. Similarly, Myers [13], Myers & Tsay
[14], and Wang [16] report that speakers of Mandarin Chinese rate accidental gaps above systematic
gaps in wordlikeness judgment tasks.
The extent to which Cantonese speakers behave
like Mandarin and Arabic speakers in this regard
was explored via the wordlikeness judgment experiment described in Section 2.

Subjects were presented with a randomized series of
items from the corpus. For each stimulus, subjects
were given two tasks. The first was to determine if
the item is an existing word of Cantonese. The second was to rate the item for its wordlikeness on a
7-point scale, with 1 indicating “very poor - highly
unlikely to be a real word of Cantonese” and 7 indicating “very good - a highly prototypical Cantonese
word”. There was no time pressure; subjects were
allowed to repeat a given stimulus as many times as
they wished, and were prompted to take a break after
every 40 stimuli. Display and data collection were
performed using the Praat software package.
2.4.

Results

Individual wordlikeness ratings were scaled to the
interval 0 to 1 and then transformed using the arcsine
transformation (1):
√
2 arcsin x
(1) x =
π

EXPERIMENT

0

Transformed values for each subject were then
normalized using a z-score transform and averaged
over subjects.
As illustrated by Fig. 1, on average, all attested
(lexical) syllables are rated above the baseline, while
unattested syllables are rated at or below the baseline. However, wordlikeness ratings did not always
favor accidental gaps over systematic gaps.

0.6

Figure 1: Mean arcsine-transformed goodness
ratings by syllable type. Error bars show standard
error for the mean.

0.4
0.2

Participants

Lex

Ten paid subjects participated in the experiment.
All subjects were native speakers of Cantonese with
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Cor=Coronal
Mul=Multiple
Lab=Labial
Acc=Accidental
Tone=Onset−Tone
Lex=Lexical

0.0

Stimuli

As the goal was to investigate speaker judgments of
different gap types, experimental stimuli were optimized for phonological simplicity. The stimuli consisted of a set of CV(C) words and nonwords, derived from all possible combination of the eight onset phonemes /f, p, ph , m, s, t, th , n/, three vowel
phonemes /a:, i:, u:/, an optional /m/ or /n/ coda, and
six tones /55 25 33 21 23 22/. Velar onsets were
omitted because initial /N/ is often dropped by speakers. Final /p t k/ were also ignored because many
speakers show final place neutralization that turn all
/k/ into [t]. This method produced 432 syllables, of
which 162 are attested and 270 are nonwords. Of
the nonwords, 61 fill labial co-occurrence gaps, 36
fill onset-tone gaps, and 42 fill coronal gaps. 27 syllables filled two types of gaps simultaneously, and 1
syllable filled all three. The remaining 103 syllables
were judged to be accidental gaps.
A male native speaker of Cantonese (the second
author) was recorded producing in isolation the 33tone version of each test syllable (n = 72). The six
contrastive tones were resynthesized using Praat in
order to avoid intra-syllable type variation.
2.2.

Procedure

−0.2

2.1.

2.3.

−0.6

2.

varying levels of fluency in Mandarin and English.
No subjects reported speech or hearing deficits.
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nonwords (µ = 96.57, σ = 63.07).
Figure 2: Arcsine-transformed goodness ratings
as a function of weighted neighborhood density.
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Post-hoc analyses using a Wilcoxon rank sum test
determined the difference between wordlikeness ratings for words and nonwords to be significant (U =
39217.5, p < 0.01). Using Bonferroni adjusted α
levels of 0.016 per test (0.05/3), mean wordlikeness
judgments for accidental gaps were found to differ
significantly from those of onset-tone (U = 1515,
p < 0.01) and coronal (U = 3959.5, p < 0.01)
gaps, but not those of labial gaps (U = 3319.5, p
= 0.083). Using the same adjusted α level, differences in wordlikeness ratings were significant between labial and coronal (U = 480.5, p < 0.01), and
coronal and onset-tone (U = 238, p < 0.01) gaps; although the difference between labial and onset-tone
gaps did not reach the adjusted level of significance
(U = 1405, p = 0.022), this may simply be a consequence of the small subject pool. Syllables filling
more than one gap are not analyzed here.
Stimuli were also analyzed for the influence of
phonotactic probability (PP) and neighborhood density (ND). Phonotactic probability (PP) for a stimulus was computed as the product of the item’s
component conditional bigram probabilities [5] [6].
Conditional probabilities were calculated based on
both (lexical) type frequency and token frequency
using frequency counts from the Hong Kong Cantonese Adult Language Corpus (HKCAC: [12]).
Tonal probabilities were computed conditioned off
of different syllabic constituents (onset, nucleus,
coda), as well as ignoring tone entirely. The best
results were achieved when conditioning tones off
of nuclei and using bigram token frequencies; those
results are reported here.
Neighborhood density (ND) was operationalized
using a Levenshtein edit distance model [9]: ND for
a word w was calculated by counting the number of
lexical syllables in the Chinese Character Database
[3] which could be formed by changing, adding, or
deleting a single segment (or tone) of w. The contribution of a lexical syllable was weighted by its
HKCAC token frequency, giving higher-frequency
lexemes proportionally greater influence [14].
Multiple linear regression using ND and PP as
factors captures a moderate amount of the overall
wordlikeness rating variance (Ra2 = 0.3429, F (2,
429) = 113.4, p < 0.01), with both factors emerging as significant regressors. Partial regression analyses reveal that a model using both regressors provides only a slight improvement over a model using ND alone (Ra2 = 0.3277, F (1, 430) = 166,
p < 0.01). Fig. 2 shows wordlikeness as a function
of ND including the best-fit regression line. Perhaps
unsurprisingly, attested syllables have greater mean
neighborhood density (µ = 179.45, σ = 67.32) than
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Given that the difference in wordlikeness judgment values between words and nonwords reached
significance, regressions were also performed on
each group separately. For words, multiple regression using PP and ND as factors indicated a
weak correlation (Ra2 = 0.05278, F (2, 159) =
4.43, p = 0.0134). PP did not emerge as a significant regressor (t = 0.67, p = 0.5). For nonwords, a slightly stronger relationship is evident
(Ra2 = 0.2144, F (2, 267) = 37.71, p < 0.01),
with both factors emerging as significant regressors. The model using both PP and ND provided
a greater improvement over the ND-only model
(Ra2 = 0.08805, F (1, 268) = 26.97, p < 0.01)
compared to the pooled results reported above.
Where present, the trends relating PP to wordlikeness ratings are weak, corroborating the regression analyses reported above. The exception to this
generalization is the onset-tone gap, which shows a
more significant trend (Ra2 = 0.2747, F (1, 34) =
14.26, p < 0.01). For attested syllables, PP appears
to correlate negatively with goodness ratings. ND is
strongly correlated with wordlikeness for systematic
gaps, particularly onset-tone gaps (Ra2 = 0.3724,
F (1, 34) = 21.77, p < 0.01); the trend is less pronounced for labial gaps (Ra2 = 0.2097, F (1, 59) =
16.92, p < 0.01).
3.

DISCUSSION

These results do not confirm the predictions of the
classical generative phonology model, by which accidental gaps would be categorically well-formed
and systematic gaps categorically ill-formed. Instead, this experiment found that some gaps consistently received higher goodness ratings than oth-
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ers. Speakers appear to have clear judgments regarding the relative welll-formedness of zero-frequency
syllables, and these judgments covary with type of
gap filled: ND/PP and wordlikeness rating were
more strongly correlated with judgments of onsettone gaps than with those of coronal gaps, for example. In general, a correlation between ND and
wellformedness is observed for both words and nonwords, with a less pronounced correlation between
PP and wellformedness.
The relative weakness of PP as a correlate of wellformedness is unexpected in light of studies such
as [6] which found that high-probability sequences
had a positive effect on wordlikeness judgment for
speakers of English. One possible explanation for
the failure to observe this effect in Cantonese may
have to do with the fact that English, which permits
complex onsets and codas, allows for a far greater
number of logically possible monosyllables (n >
158, 000 [11]) than does Cantonese (n = 5, 130 [19
initials × 45 rimes × 6 tones]). Crucially, English
also makes use of a much smaller proportion of these
possibilities than does Cantonese: the CMUDICT
[4] lists around 10,000 non-homophonous English
monosyllables (just over 6% of the logically possible combinations), whereas Cantonese has roughly
1,900 distinct syllables (around 36%). As a result,
PP may emerge as a more important cue to wordlikeness in a language like English, where a smaller
portion of the potential phonotactic space is occupied by lexical items.
This proportional discrepancy may also suggest
an explanation for why neighborhood density correlates with wordlikeness in Cantonese to a greater
extent than in English. Because it makes use of
such a limited number of possible words, English
nonwords which are routinely assigned high goodness ratings, such as dresp, often have no neighbors within a single segment edit distance. In Cantonese, where lexical items occupy nearly one-third
the space of possible monosyllables, most nonwords
have a neighbor within an edit distance of 1. These
facts might offer an explanation for the relatively
strong correlation observed in the Cantonese data
between ND and wordlikeness ratings.
4.

CONCLUSION

Our data show Cantonese speakers have gradient
judgments regarding the ill-formedness of zerofrequency syllables. Regression analyses show a
significant amount of the variability in judgments
to be a function of token frequency-weighted neighborhood density and conditional phonotactic probability, affirming a role for frequency-based mod-

1392

els in capturing at least some of the gradient wordlikeness judgment variance for zero-frequency sequences. When compared to similar studies for
languages such as English, these results suggest
language-specific roles for PP and ND with respect
to their influence on the wordlikeness judgments of
nonwords.
5.
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