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Abstract: Previous research has shown that non-phonemic uses of glottalization are often prosodically determined
in a variety of languages such as English, German, Polish, and Spanish.We examine the use of inserted glottalization
in Hawaiian, a language that also has a phonemic glottal stop, to determine whether the distribution and realization
of non-phonemic glottalization is conditioned by higher prosodic boundaries and/or prosodic prominence as found
in other languages. The spontaneous speech data in this study comes from theHawaiian-language radio programKa
Leo Hawaiʻi, which featured interviews with bilingual Hawaiian–English speakers in the 1970s and 1980s (Kimura,
Larry (Producer). 2020. Ka Leo Hawaiʻi [radio program]. Kaniʻāina, the digital repository of Ka Haka ʻUla O Keʻel-
ikōlani, College of Hawaiian Language, University of Hawaiʻi at Hilo. Available at: https://ulukau.org/kaniaina/).
Results show that non-phonemic glottalization occursmost often before an unstressed, monophthongal single-vowel
grammatical marker (/a e i o/), where it is also longer, as well as before unstressed vowels and between different
flanking sounds. Full closuresweremore likely between identical vowels, but stress does not affect realization. These
results are not consistent with the use of glottalization at higher prosodic boundaries or to mark prosodic promi-
nence. Instead, the preponderance of non-phonemic glottalization before single-vowel grammaticalmarkersmay be
to ensure that these critical markers are recoverable and not perceptually subsumed by the preceding vowel.
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1 Introduction

1.1 The function of non-phonemic glottalization

Research on the use of glottalization as a non-phonemic or epenthetic element has shown that crosslinguistically
this type of glottalization is often prosodically determined. One of the most common findings, as demonstrated in
languages such as English, German, Polish, French, andHungarian, is that non-phonemic glottalization appears at
the beginning of vowel-initial words in some environments (e.g., Dilley et al. 1996; Malisz et al. 2013; Markó 2012),
and that glottalization often correlates with higher prosodic boundaries or with a prominent element like a
stressed syllable (Dilley et al. 1996; Fougeron 2001; Garellek 2014; Kohler 1994; Malisz et al. 2013). These conditions
are typically described for languages that do not have phonemic glottal stops, which may have different prop-
erties than languageswhich do contain glottal stop as a phoneme. In this paper, we examine the use of inserted, or
non-phonemic, glottalization in Hawaiian, which also has phonemic /ʔ/.

To set the stage for the current study, the term ‘glottalization’will be used as a cover term to refer to either a
period of irregular, creaky phonation, or to a full glottal closure, or to a combination of the two (creaky phonation
on one or both adjacent vowels, in addition to a full closure interval; see also Garellek et al. 2021). Typically, the
duration of this type of glottalization event is similar to other single phonemes in the language, and is sometimes
referred to as an epenthetic glottal stop (e.g., Mitterer et al. 2019; Mohamed et al. 2019; Szczepek Reed 2014).
Separately from these short periods of glottalization, longer periods of glottalization, or creaky phonation, can be
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used prosodically for other reasons, such as marking the ends of sentences or phrasal meanings such as par-
entheticals (Davidson 2021b; González et al. 2022; Henton and Bladon 1988; Kreiman 1982; Lee 2015; Redi and
Shattuck-Hufnagel 2001; Slifka 2006). This type of (frequently) longer phrasal glottalization is not further
addressed in this paper.

ForAmericanEnglish, it has been reported that glottalization canoccur in anumberof environments, including
before vowel-initial words at the beginnings and middles of phrases, and as a hiatus resolution strategy between
two vowels. Pierrehumbert and Talkin (1992) and Pierrehumbert (1995), in a lab setting, andDilley et al. (1996), using
a radio speech corpus, find word-initial glottalization is more likely for accented full vowels compared to unac-
cented reduced vowels, and the rates of glottalization for both types of vowels are significantly increased in
utterance-initial position. Using a reading task, Davidson and Erker (2014) found that in phrase-medial position,
hiatus between a vowel-final word and a vowel-initial word was resolved with glottalization more often when the
first syllable of the vowel-initial word was stressed (e.g.,may HOnor). Using articulatory data, Garellek (2014) found
that for read sentences, electroglottograph contact quotient patterns for both English and Spanish speakers were
more consistent with glottalization when a vowel at any prosodic boundary was stressed, but the different degrees
of prosodic boundary did have an additional effect. Other studies of Spanish confirm that glottalization of vowel-
initial words can occur to some degree in connected speech, especially before stressed vowels (Chappell 2013;
Michnowicz and Kagan 2016; Trawick and Michnowicz 2019).

A similar effect of stressed vowels and higher prosodic boundaries on glottalization is found for German and
Polish. Kohler (1994) finds that in the Kiel corpus of read speech, both full closures and creaky voice at a V#V
boundary aremore likelywhen the following vowel is stressed. Pompino-Marschall and Żygis (2011) report an effect
of speech rate on how glottalization interacts with vowel stress in speeches of three politicians in German. Before
stressed vowels, the full closure implementation is highest at the slowest speech rate (nearly 80%) and decreases
monotonically as speech rate increases (to around 20%), whereas creaky voice shows exactly the opposite pattern.
Malisz et al. (2013) compare rates of glottalization in speeches and dialogues for both German and Polish, showing
that glottalization is less frequent in speeches for both languages, but that full closures are more likely in speeches
than in dialogues in both German and Polish. For both languages, stressed vowels aremore likely to have some type
of glottalization, but for phrase position, whereas glottalization ismore likely in Polish in phrase-initial position, it is
equally likely inphrase-initial andphrase-medial position inGerman. As for realization, full closures aremore likely
both in phrase-initial position than phrase-medial position in both German and Polish. In a sentence reading task,
Schwartz (2013) shows that phrase-medial V#Vhiatus contexts are resolvedwith glottalization as often as 94%of the
time when the second vowel is stressed and 68% of the time when it is unstressed. In contrast to these languages,
Aare et al. (2017) find that creakiness in a syllable in Estonian is most likely in secondarily stressed syllables as
compared to both primary stressed and unstressed syllables.

Mitterer et al. (2019) examines rates of non-phonemic glottalization in Maltese, a language that also has a
phonemic glottal stop. In this study of laboratory speech, target /ʔ/-initial or /V/-initial words followed a word
ending in either /a/ or /m/. About half of the /V/-initial cases aremarkedwith glottalization, and full closures make
up about 40 % of the responses after /m/ and about 15 % after /a/. While boundary strength is not overtly tested,
duration of the previous word is used as a proxy for prosodic strength, and there is a correlation between length
of the boundary and the likelihood that glottalization is realized as a full closure.

In the current study we investigate the use of non-phonemic glottalization in Hawaiian in spontaneous
speech to determinewhether the occurrence of inserted glottalization is evident at higher prosodic boundaries or
in prosodically prominent positions, similar to English, German, or Polish, or whether it is conditioned by other
factors. As a preview, prosody does not seem to be the primary driver; instead, glottalization occursmore often in
environments where a weak element might be difficult to distinguish from adjacent words.

1.2 The phonemes and stress patterns of Hawaiian

Hawaiian is an Eastern Polynesian language which has phonemic glottal stops before vowels in word-initial and
word-medial position. Hawaiian has the phonemic inventory shown in Table 1, with consonants, monophthongs
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(both short and long), and (short and long) diphthongs (Elbert and Pukui 1979; Kettig 2021; Ladefoged 2001; Parker
Jones 2018; Pukui and Elbert 1986; Schütz 1981).

In Hawaiian, syllables can only be of the shape CV(:) or V(:), where V: represents either a long vowel or a
diphthong. Diphthongs and long vowels are heavy, and all heavy syllables are stressed, with either primary or
secondary stress (Parker Jones 2018; Schütz 1978, 1981; Senturia 1998). Lexical words minimally consist of either
two light syllables or one heavy syllable, but light and heavy syllables can also be combined to form longer words.
The patterns and words in (1) illustrate the six templates that are found for words that only have one stress in
Hawaiian (Parker Jones 2010; Schütz 1981, 2010). When these templates are combined into longer words, the
rightmost stressed syllable receives primary stress, and any preceding stressed syllables are secondarily stressed,
as illustrated in (2). Words with up to four light syllables have a trochaic stress pattern, with penultimate primary
stress, and secondary stress on the first syllable of a four-syllable word (e.g., [ˈpu.ke] ‘book’, [ho.ˈpe.na] ‘result’,
[ˌma.ka.ˈhi.ki] ‘year’). In words with more than four light syllables, stress is not fully predictable. For example,
there are different stress patterns in the five-syllable words [ˌʔe.le.ma.ˈku.le] ‘old man’ and [ma.ˌku.a.ˈhi.ne]
‘mother’, where ‘old man’ has stress on the first syllable, and ‘mother’ has stress on the second syllable (A full
account of the word-internal metrical system of Hawaiian is not germane to this paper, since we focus here on
non-phonemic glottalization between two lexical items, but formore details on the stress system of Hawaiian, see
Davidson and Parker Jones 2023; Parker Jones 2010; Schütz 1978, 1981, 2010).

(1) a. ˈσL σL [ˈma.la] ‘ache’
b. σL ˈσL σL [va.ˈhi.ne] ‘woman’
c. ˈσH [ˈau] ‘I’ (first person singular pronoun), [ˈla:] ‘day’
d. σL ˈσH [na.ˈna:] ‘to snarl’
e. ˈσH σL [ˈma:.la] ‘garden’
f. σL ˈσH σL [pa.ˈlao.a] ‘bread’

(2) a. ˌσH ˈσH [ˌpi:.ˈkoi] a type of club used as a weapon
b. ˌσL σL ˈσH [ˌpi.ha.ˈʔu:] ‘jam-packed’
c. ˌσH ˈσL σL [ˌko:.ˈʔa.la] ‘to broil’
d. ˌσL σL ˈσL σL [ˌpa.ka.ˈla.na] ‘Chinese violet’

Table : The consonant, monophthong, and diphthong phonemes of Hawaiian.

Consonants

Bilabial Labiodental Alveolar Velar Glottal

Stop p k ʔ
Fricative v h
Nasal m n
Lateral l

Monophthongs

Front Central Back

High i i: u u:
Mid e e: o o:
Low a a:

Diphthongs

Short ae, ai, ao, au, ei, eu, iu, oi, ou
Long a:e, a:i, a:o, a:u, e:i, o:u
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In addition to the lexical items illustrated in (1) and (2), Hawaiian also has several morphemes and grammatical
markers that are a single light syllable. These can be either CV syllables or a single short V, as exemplified in (3).
While the prosodic phonology of these markers has not yet been fully developed for Hawaiian, it can be pointed
out that they arewritten as orthographically separate from an adjacent content word, and Elbert and Pukui (1979:
18) impressionistically observe that there is often some kind of prosodic juncture between the marker and the
preceding word. These markers serve many different purposes, with non-exhaustive glosses in (3) (Elbert and
Pukui 1979; Kamanā andWilson 2012). In this study, we consider a content word plus one of these function words
to be a two-word sequence, as shown by the bolded elements in the sentences in (4).1

(3) a. [a] conjunction (and), possessive allomorph
b. [e] infinitive, imperative, agentive
c. [i] object marker, locative, past tense, conjunction (while)
d. [o] conjunction (or), possessive allomorph
e. [ka/ke] allomorphs of definite marker
f. [ko] possessive allomorph
g. [ma] locative, instrumental

(4) a. [makemake au i ke kope]
Makemake au i ke kope
want 1SG OBJ the coffee
‘I want the coffee.’

b. [ʔekolu hale o kimo]
ʻEkolu hale o Kimo
three house POSS Kimo
‘Kimo has three houses.’

Since Hawaiian has a glottal stop phoneme, which can occur either in intervocalic position within a word ([poʔe]
‘people’) or contrastively at the beginning of a word ([ʔaka] ‘laughter’ vs. [aka] ‘shadow’), it is possible that the use
of inserted glottalization is rare, or at least more restricted, in Hawaiian so as to not cause lexical confusion with
words containing phonemic /ʔ/. Alternatively, it is possible that Hawaiian does employ glottalization at higher
prosodic boundaries and/or at the beginning of stressed syllables, but that it is realized differently than the
phoneme. Previous research on the realization of the Hawaiian glottal stop phoneme in connected speech has
found that 66 % of glottal stops are produced as a period of creaky voice, 27 %withmodal voicing, and only 7 % as
a complete closure (Davidson 2021a; Davidson and Parker Jones 2023). These studies also found that complete
closure is sensitive to prosodic word structure. Similar to de Lacy’s (2004) analysis of Māori, Parker Jones (2010)
includes prosodic words as a structural unit necessary for capturing the analysis of Hawaiian stress, where
potential prosodic words correspond to the template shapes in (1). For the purposes of stress assignment, when
heavy and light syllables in words with more than three syllables are mixed, the correspondence to the prosodic
word shapes in (1) can be ambiguous (Parker Jones 2010). For example, the word hōʻoaka ‘to open’ [σH σL σL σL]
could be parsed as either {(ˌho:)}{ʔo.(ˈa.ka)} or {(ˌho:.ʔo)}{(ˈa.ka)}). Davidson and Parker Jones (2023) found that full
closures are more likely at the beginning of a prosodic word in (lexical) word-medial position (e.g., {(ˌla:)}{(ˈʔau)}
‘tree’), as compared to lexical word-initially (e.g., {ʔe.(ˈha:)} ‘four’) or within a prosodic word (e.g., {(ˈla.ʔa)}
‘sacred’), and that neither word-initial position nor the stress of the syllable (primary stress, secondary stress,
unstressed) containing glottal stop in the onset had any effect on how glottal stop was realized. Following other
research demonstrating phonological and phonetic markers of word-internal metrical structure (Bennett 2013,
2018; Shaw 2007; Sugahara and Turk 2009; Vaysman 2009), Davidson and Parker Jones (2023) hypothesized that
the increased rate of full closure in lexical word-medial, prosodic word-initial position may be a useful cue in
Hawaiian for disambiguating potentially ambiguous prosodic word structure, as in [ˌho:.ʔo.ˈa.ka], that is not

1 The following abbreviations are used in examples: 1SG first person singular pronoun; CONJ conjunction; LOC locative; OBJ objectmarker;
POSS possessive.
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resolved by the stress pattern of the word. Since full closures are rare for phonemic glottal stops, and are more
likely to occur word-medially, it may be that it would not cause perceptual confusion if inserted (non-phonemic)
word-initial closures occur at higher prosodic boundaries and/or before initial stressed syllables, which would
also be consistent with accounts of non-phonemic glottalization in other languages.

2 Methods

2.1 Participants

The spontaneous speech data in this study come from 19 bilingual speakers of Hawaiian and English who
appeared on a radio show calledKa Leo Hawaiʻi in the 1970s, recorded in the studios of KCCN radio (Kimura 2020).
The recordings have subsequently been digitized to mp3s and made available on the internet. The speakers were
mānaleo, or native speakers of Hawaiian, who were interviewed by Dr. Larry Kimura (https://ulukau.org/
kaniaina/?a=p&p=history). While many speakers were elderly at the time of recording, an effort was made to
choose those talkers who did not speak with obvious aging-related non-modal phonation (Gorham-Rowan and
Laures-Gore 2006; Xue and Deliyski 2001). The interview topics ranged from place of birth to families, education,
occupations, hobbies, Hawaiian customs such as feasts ormaking leis, andmusic. The interviews ranged in length
from 5 to 16 min, with most of them being a little over 10 min in length.

2.2 Materials

The focus of this study is on the non-phonemic glottalization that occurs between lexical items. Periods of
glottalization occurring between twowordswere identified auditorily and visually by inspecting the spectrogram
to determinewhere a transition frommodal voicing to creaky voicing or a glottal stop closure occurred. The visual
criteria were based on descriptions of glottalization events in papers such as Keating et al. (2015), Redi and
Shattuck-Hufnagel (2001), Avelino et al. (2011), Gerfen and Baker (2005), Davidson and Erker (2014), Malisz et al.
(2013), and others. Typically, creaky voice is characterized by a low and irregular fundamental frequency, and
damping of the glottal pulses. For closures, the maximum durationmarked as glottal insertion and not as a pause
was 220 ms, provided there were no other cues to a potential pause (e.g., audible lengthening of the preceding
word, F0 declination). Examples of glottalization as both creaky voice and full closure are shown in Figure 1. Non-
phonemic glottalization occurring as creaky voice could be found either between two modal portions of the
surrounding sound, or completely overlapping with the first or second vowel. Glottalization on vowel-initial
words at the beginning of the utterance or in post-pausal position were not included in this study.

In addition to labeling the type of glottalization event, each instancewas coded for the stress on the first syllable
of the following word (primary stress, secondary stress, no stress), whether the surrounding vowels are identical or
different, andwhether the following syllable is only one short monophthong or if it contained only longer vowels or
more segments. Identical or different surrounding vowels are examined because Davidson (2021a) found that
phonemic glottal stops are produced with longer periods of creaky voice when they are surrounded by identical
vowels, possibly because it ismore important to have longer periods ofmodal voicing forflanking soundswhen they
are different in order to ensure accurate perception of those vowels. In the non-phonemic context, it is possible that
glottalization is more likely between identical vowels, to ensure that adjacent vowels are not merged. For similar
reasons, we also included the factor of the following sounds – a single monophthong versus all other following
elements (including a single long vowel or monophthong, or a word consisting of two or more segments) – to
distinguish the single-vowel grammatical markers in (3) from longer words. Since these markers are phonetically
short andunstressed, but critical for determining the grammatical structure of a sentence, it is possible that speakers
could use glottalization to ensure that these vowels are not coalesced into the final vowel of the preceding word.

The duration of the glottalization interval was also measured. While an interval was labeled as a full closure
when it had at least 20 ms between glottal pulses, the duration of a glottalization event with full closure also

Non-phonemic glottalization in Hawaiian 7

https://ulukau.org/kaniaina/?a=p&p=history
https://ulukau.org/kaniaina/?a=p&p=history


included any flanking creaky voice that was present (as illustrated in Figure 1c). One possibility is that if non-
phonemic glottalization marks prominence, then glottalization events should be longer before stressed syllables.
However, if glottalization events are more likely to ensure the recoverability of weak or confusable elements,
then they may be longer between identical sounds or before a single-vowel marker.

3 Results

3.1 Distribution of non-phonemic glottalization

First, we present the descriptive outcome of where glottalization occurs in Hawaiian. There is a total of 536
instances of non-phonemic glottalization in the corpus. Their distribution according to the factors of interest
breaks down as shown in Table 2.

Figure 1: Creaky voice (marked with <cr>) and full closure
(marked with <clo>) realizations of inserted glottalization
between words or words and grammatical markers, which
are indicated by vertical lines. (a) Creaky voice in [ke:na:#a]
‘that CONJ’, (b) creaky voice in [ke:ia#ahiahi] ‘this evening’,
(c) full closure (plus flanking creaky voice) in [aia#i] ‘there
LOC’.
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These results indicate that glottalization events are most likely to occur before an unstressed syllable, rather
than before a prominent syllable as has been found in previous work for other languages.

With respect to the flanking sounds, it is not the case that glottalization is more likely, or even equally likely,
to occur when the flanking sounds are identical. We further examined what proportion of vowel#vowel se-
quences across word boundaries (including single-vowel grammatical markers) in the entire interview corpus is
comprised of either identical or different vowels, finding that 22 % of all such combinations are identical. Taken
together, this suggests that glottalization does not seem to be overrepresented between identical vowels.

The distribution of glottalization with respect to the following segment indicates that glottalization is more
likely when there is only a single following short monophthong. This outcome also strongly contributes to the
prevalence of glottalization before unstressed vowels. To contextualize this finding, we examined our corpus of
radio transcripts to determine how often any word was followed by a single-vowel marker versus the total
number of such sequences in the corpus. A word was defined as consisting of at least a long vowel or diphthong
(e.g., [au] 1SG) or two or more segments (e.g., [pa:] ‘fence’). In the transcripts, there were 4,058 combinations of a
word plus one of [a e i o], indicating that 7.6 % of these combinations (307 of 4,058) included non-phonemic
glottalization. While this is not a high proportion, it is notable that the majority of the instances of non-phonemic
glottalization occurred in this environment. We also examined what proportion of word#word combinations in
the overall corpus consists of a word followed by a single short monophthong, finding that they only comprise
8.18 % of all combinations. This small proportion contrasts with the finding that 57 % of the non-phonemic
glottalization occurs in this environment, underscoring that glottalization occurs before grammatical marker at
higher rates than would be expected from the distribution of all word#word sequences alone.

3.2 Realization as creaky voice or as full closure

The next analysis addresses whether stress, flanking sounds, and number of following segments affect whether
the glottalization is realized as a full closure or as creaky voice. This was examinedwith a logistic regression using
the packages lme4 and lmerTest in R (Bates et al. 2018; Kuznetsova et al. 2017), with “creaky voice” and “full
closure” as the outcome variable, including following segments (one short monophthong, long/more than one
sound), stress (primary, secondary, no stress), and flanking sounds (identical, different) as the predictors and
interactions between following segment and flanking sounds and between stress and flanking sounds. No
interaction between stress and following sound is included since the level of “one shortmonophthong”was coded
as no stress for all instances. The predictors were sum-coded and speaker was included as a random intercept.

Table : Distribution of the  instances of glottalization in terms of stress of the following syllable, flanking vowels, and
number and type of following segments.

Percentage No. of tokens

Stress

Primary stress % 

Secondary stress % 

No stress % 

Flanking sounds

Identical flanking vowels % 

Different flanking vowels % 

Following segment

Single short vowel following % 

More than a single short vowel following
(i.e., a diphthong, a long vowel, or more than one segment)

% 

Non-phonemic glottalization in Hawaiian 9



Results for the realization as creaky voice or full closure are shown in Table 3. The only (nearly) significant
result is for flanking sounds, which indicates that realization as a full closure is more likely between identical
flanking sounds (full closure for identical: 36.1 %; full closure for different: 28.3 %).

While the predictors for stress and number of following segments are not significant, they are nevertheless
plotted in Figure 2 to illustrate the relative rates of creaky voice versus full closure realization of non-phonemic
glottalization in Hawaiian with respect to stress and number of following segments. The creaky voice realization
is more common for all types of syllables.

Since all of the cases with a single following monophthong are also unstressed, a subset of the data was
created for the cases with multiple following segments only in order to more thoroughly examine the potential
effect of stress on the realization of glottalization. A similar logistic regressionwas carried out on this subset of the
data. This analysis included stress and flanking sounds, including the interaction of those predictors. The results,
shown in Table 4, reveal that there are no significant differences for stress or flanking sounds in this subset only.

Table : Logistic regression for creaky voice versus full closure realization of non-phonemic glottalization.

Estimate z Value Pr(>|z|)

(Intercept) −. −. .
FollowSegs(more) −. −. .
Stress(no stress) −. −. .
Stress(secondary) . . .
FlankingV(different) −. −. .a

FollowSegs(more):FlankingV(diff) . . .
Stress(no stress):FlankingV(diff) . . .
Stress(secondary):FlankingV(diff) −. −. .

ap < ..

Figure 2: Proportion of creaky and full closure responses by
stress and number/type of following segments (where
“more” indicates long/more than one short sound).

Table : Logistic regression for creaky voice versus full closure realization of non-phonemic glottalization for the subset of the data with
multiple following segments.

Estimate z Value Pr(>|z|)

(Intercept) −. −. .
Stress(no stress) −. −. .
Stress(secondary) . . .
FlankingV(different) −. −. .
Stress(no stress):FlankingV(diff) . . .
Stress(secondary):FlankingV(diff) −. −. .
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3.3 Duration of glottalization event

The final analysis examines whether duration of the glottalization event is affected by stress, flanking sounds, or
following segments, and type of glottalization (creaky voice or full closure). This was examined with a linear
regression with duration (in seconds) as the outcome variable. In addition to the main effects, interactions
between glottalization type and each of following segments, stress, and flanking sounds were also included. The
predictors were sum-coded and speaker was included as a random intercept.

Results for duration of the non-phonemic glottalization event are shown in Table 5. There is a significant
effect of the following segments, showing that glottalization (collapsed over type) is longer before one short
monophthong than before longer/multiple segments (short monophthong: 97 ms, longer/multiple segments:
91 ms). There is also a significant interaction between glottalization type and secondary stress, which occurs
because full closures are shorter before secondarily stressed syllables as compared to creaky voice, which is the
opposite pattern thanwhat is found for no stress or primarily stressed syllables. This is illustrated in Figure 3. This
outcome is not expected, but it should be noted that secondarily stressed syllables were a substantially smaller
group compared to primary and unstressed syllables (as reported in Table 2), so it is unclear if this result is
reliable, and if it would hold up with more data in this category.

4 Discussion

Previous examinations of inserted non-phonemic glottalization have typically found that it occurs tomark higher
prosodic boundaries or prominent elements such as stressed syllables. However, almost all of the languages

Figure 3: Duration of non-phonemic glottalization types
(creaky voice, full closure) divided by stress. The lines indi-
cate the median and the circles are the mean.

Table : Linear regression for the duration of non-phonemic glottalization.

Estimate t Value Pr(>|t|)

(Intercept) . . <e-
GlotType(creaky) . . .
FollowSegs(more) −. −. .a

Stress(no stress) −. −. .
Stress(secondary) −. −. .
FlankingV(different) −. −. .
GlotType(creaky):FollowSegs(more) . . .
GlotType(creaky):Stress(no stress) −. −. .
GlotType(creaky):Stress(secondary) . . .a

GlotType(creaky):FlankingV(different) −. −. .

ap < ..
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where this has been examined do not have a phonemic glottal stop (Dilley et al. 1996; Fougeron 2001; Kohler 1994;
Malisz et al. 2013; Pierrehumbert 1995; Trawick and Michnowicz 2019). In Hawaiian, which has phonemic glottal
stop, there is little evidence in these results that non-phonemic glottalization is used to mark prosodic promi-
nence. With respect to syllable stress, 71 % of the instances of glottalization in our corpus occur before syllables
with no stress, with the preponderance of those being single-vowel grammatical markers. Similarly, there is no
effect of stress on the realization of glottalization as creaky voice versus full closure, though a prominence-based
account might predict that there should be more full closures before stressed syllables. Finally, the duration of
glottalization is generally not affected by the stress of the following syllable (with the sole result of shorter
duration for full closure before secondarily stressed syllables likely being an unreliable effect due to a small
sample size). It is also notable to observe that although these speakers are bilingual speakers of a variety of
American English, they do not seem to be transferring the typical prosodic functions for glottalization from
English into Hawaiian (though we have not analyzed comparable recordings of these speakers in English, so it is
possible that they also do not use glottalization for prosodic strengthening in their variety of English either).

In contrast, the results indicate that glottalization occurs in Hawaiian in places where the recoverability of a
sound could be threatened. The majority (57 %) of the glottalization cases occur before a single-vowel gram-
matical marker, of which there are only four in the language. Though the overall rates of non-phonemic glot-
talization use in this environment are relatively low, a possible interpretation is that glottalization is used to
“protect” these phonetically weak morphemes that presumably have a high functional load in the language (for
other work discussing how functional load can affect phonetic realization, see, e.g., Hall et al. 2018; Maspong and
Burroni 2020; Nadeu and Renwick 2016; Saito et al. 2020; Tomaschek et al. 2021). Yet, this does not rule out a role for
higher prosodic factors; while a full intonational analysis of Hawaiian has not yet been developed, it is likely that
factors such as sentence-level prosody or other aspects of sentence structure interact with the lexical
word + single-vowel grammatical marker cases to determine when the insertion of non-phonemic glottalization
is most likely to be necessary.2

The longer durationof glottalization before the single vowel is potentially available to listeners as an alert that a
single-vowel morpheme is upcoming, though the difference is small and may not be reliably perceptible. Similarly,
the result indicating that full closures aremore likely between identicalflankingvowels canalso be interpretedwith
respect to recoverability as an important factor more generally, since a full closure may be more likely even than
creaky voice to ensure that the listener perceives both vowels independently (though this effect too may be
conditioned by sentential prosody, since overall rates of glottalization events are not higher between identical
vowels; see Table 2). The possibility that Hawaiian non-phonemic glottalization is deployed to maximize recover-
ability is compatible with the broader literature showing that recoverability considerations affect phonetic
implementation in many different kinds of phenomena, including consonant clusters in Georgian, high vowel
deletion in Japanese, and the timing of non-modal phonation and tonewithin a vowel in languages like Chinantec or
Zapotec, among others (e.g., Avelino 2010; Chitoran et al. 2002; Elías-Ulloa 2016; Silverman 1997; Whang 2018).

The lack of sensitivity to syllabic stress in the non-phonemic cases is similar to the findings for phonemic
glottal stop realization in Hawaiian (Davidson and Parker Jones 2023). In a subset of the same data used for this
study, the realization of phonemic glottal stops was not sensitive to the stress of the following syllable. Instead,
glottal stops were more likely to be full closures at the beginning of a prosodic word that was also word-medial.
We argued that because certain syllabic combinations may havemore than one possible prosodic word parse, an

2 A reviewer pointed out that 43 % of the instances of non-phonemic glottalization do not occur before a single-vowel grammatical
marker, raising the question of whether there are any generalizations about the remainder of the data. Characterizing the parts of
speech inHawaiian is not a straightforward task, sincemany surface forms can be used as a verb, noun, or adjective, and are not always
easily classified by adjacentmaterial. There are currently not syntactic analyses ofmanyHawaiian phrase types that could be used as a
guideline. However, further examination of the collocations containing non-phonemic glottalization indicates that another 14 % of the
cases consist of a straightforward combination: a definite article or determiner + noun (e.g., ke alanui ‘the street’, kēia ahiahi ‘this
evening’), or a possessive + noun (e.g., kona inoa ‘his/her name’). While the dearth of syntactic analysesmakes it difficult to definitively
characterize all of the data, it does not appear that any other combinations account formore than 4 % of the cases. It is possible that the
article/determiner/possessive cases could also point to a role for broader intonation information, such as contrastive focus. This is an
area for future research.
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acoustic cue like the realization of glottal stop could be available to help disambiguate between possible parses.
Relatedly, phonemic glottal stops are also not more likely to have full closures in word-initial position as
compared to word-medial position. While it has been argued that the correlation between stronger articulations
such as a full closure (or a fully voiceless [h], to give another laryngeal example) and prosodic strengthening has
physiological origins such as lower subglottal pressure (Garellek et al. 2021), the Hawaiian case suggests that such
effects are not inevitable. The lack of the more commonly found prosodic and prominence effects on the use and
realization of both phonemic glottal stop and non-phonemic glottalization indicate that instead, the imple-
mentation of glottalization in Hawaiian in both casesmay be recruited for assisting with recoverability of weaker
or ambiguous elements such as prosodic word assignment or critical grammatical morphemes.

Considering that Hawaiian does have both phonemic and non-phonemic glottalization, one limitation of this
study is that acoustic factors that might distinguish the types are as yet unknown. We were unable to carry out an
acoustic analysis of spectral tilt or noise cues in the current data, both because the recording quality is not equally
high across all of the files and because they are only available as compressed MP3 files, which can have an adverse
effect on suchmeasurements (Peña et al. 2021b). However, other research has shown that at least for English, when
multiple independent sources of glottalization are present in an utterance, the glottalization types are produced
distinctly. For example, English has both phrase-final creak and glottalization of /t/ in coda position, and Garellek
and Seyfarth (2016) showed that phrase-final creak has lower F0, lower spectral tilt, and is noisier than /t/ glottal-
ization from the start. In contrast, /t/ glottalization increases in noise over time. Peña et al. (2021a) also found that
phrasal creak in American English differs from coda /t/ glottalization, the [ʔ] before syllabic nasals in American
English (e.g., ea[ʔ]en), and inserted glottalization before vowel-initial wordswith lower F0 and H1*–H2*, and higher
noise. The open question of whether Hawaiian also employs different acoustic properties to distinguish between
phonemic and non-phonemic uses of glottalization could be addressed with a different set of Hawaiian data.

5 Conclusion

In Hawaiian, which contains both a phonemic glottal stop and non-phonemic glottalization, glottalization does
not appear to coincide with prosodic prominence. Rather, we argued that recoverability considerations better
explain where non-phonemic glottalization is most likely, such as between a content word and a single-vowel
grammatical marker (e.g., [hale˷o] ‘house POSS’). In contrast, glottalization is not more likely before a following
stressed syllable, nor does stress factor into either the realization of glottalization as either a period of creaky
voice or full closure, or the duration of the period of glottalization. This distribution of glottalization in Hawaiian
suggests that a physiological basis for laryngealization as a marker of prosodic strengthening does not require
that it be recruited for that purpose. Since previous work examining the distribution of non-phonemic glottali-
zation typically has been carried out on languages that do not also have a phonemic glottal stop, more extensive
analyses of languages with a glottal stop phoneme would contribute to a better understanding of how glottali-
zation is implemented (and, ultimately, perceived) when it is potentially used for phonemic, allophonic, prosodic,
or other purposes within the same language.
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