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He ʻala nei e aheahe mai nei
Na ka leo hone a nā manu
I lawe mai a loaʻa au
Hoʻopumehana i kō leo

There is a fragrance wafting here
The birds’ sweet call
Brought, found me,
Warmed by your dear voice

– Liliʻuokalani
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Abstract
This dissertation investigates aspects of the pronunciation of the vowels of ʻōlelo Hawaiʻi,
the aboriginal Polynesian language spoken in the Hawaiian archipelago. Specifically, this acoustic
description concerns the voices of eight elderly speakers recorded in the 1970s on the Hawaiianlanguage radio program Ka Leo Hawaiʻi. Measurements of the first and second formants (F1 and
F2, in Hz) are extracted for all vowel tokens (n=19,599 after exclusions). The plots and statistical
analyses that utilize the spectral F1/F2 measurements are interpreted as reflective of tongue
position (high–low, back–front) over the course of vowel production. This description confirms
many previous observations regarding the pronunciation of Hawaiian vowels, and presents several
novel insights.
When pairs of short vowels /a, e, i, o, u/ and long vowels /ā, ē, ī, ō, ū/ are compared, the
long vowels appear in more peripheral regions of the vowel space; in particular, /ē/ is located
notably front and high compared to /e/. Tokens of unstressed /a, i, o/ are pronounced in less
peripheral positions than when they are stressed, while unstressed /e/ is raised. Labial consonants
/m, p, w/ are found to condition more back productions of adjacent vowels; alveolar consonants
/n, l/ condition more front productions; and /ʔ/ conditions lower productions.
This analysis also demonstrates that vowel-on-vowel coarticulation is apparent even when
the vowels in question are separated from each other by a consonant and thus not directly adjacent.
The coarticulatory effects of a following vowel on stressed /a/ are investigated in detail; in these
contexts, significant differences are found in both F1 and F2 according to the following vowel. In
other words, there are significant differences in /a/ pronunciation that involve both height and
backness between words like mala, male, mali, malo, and malu.
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Significant differences are also observed in terms of both height and backness for the
starting points of the aV diphthongs, /ae, ai, ao, au/. These four diphthongs are found to originate
in four separate locations, with /ae, ai/ fronter than /ao, au/ and with /ae, ao/ lower than /ai, au/.
Within the /ai/ and /au/ vowels, differences are also observed based on word type: compared to
content words, pronouns and directionals exhibit shorter, more centralized vowel trajectories.
Phonetic variation is also investigated between and within the eight speakers of this sample.
While most speakers maintain a consistent distinction between the spectral trajectories of /ei/ and
/ē/ and between /ou/ and /ō/, this is not true of one speaker; while most also maintain a distinction
between /āi/ and /ae/, two speakers do not. The words laila (‘there’), maikaʻi (‘good’), and family
member terms beginning with kaik- are found among most speakers to contain a vowel more
similar to /ei/ than /ai/. For most speakers in the sample, the primary stressed monophthong /a/ in
maikaʻi is also pronounced more like a typical /e/ than a typical /a/. Most speakers usually
pronounce the /o/ in the words ʻaʻole (‘no’), ʻaʻohe (‘none’), and hope (‘after’) as /a/; one speaker
is found to usually use /o/ in these words utterance-finally while using /a/ in non-utterance-final
contexts.
This study represents the first large-scale, multi-speaker acoustic analysis of Hawaiian. As
such, the data processed for this dissertation has the potential to reveal many further insights into
twentieth-century Hawaiian pronunciation that reach well beyond the spectral analyses presented
here. Many of the findings of this dissertation also provide evidence relevant to linguistic theories
that have rarely been explored in the context of indigenous, under-documented languages such as
Hawaiian. I conclude with suggestions for the enhancement of this dataset, future phonetic and
phonological research extensions, and community-facing pedagogical applications for this work.
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Chapter 1: ʻŌlelo hoʻākāka
E hoʻākāka kēia pepa i kekahi mau hiʻohiʻona o ka puana o nā woela o ka ʻōlelo Hawaiʻi.
Kālailai ʻia ka puana a ʻewalu kūpuna mānaleo i walaʻau ma ka polokalamu lekiō ʻo Ka Leo
Hawaiʻi i nā makahiki 1972–1974. Aia ma loko o kēia hāpana hoʻokahi wahine a me hoʻokahi
kāne no nā mokupuni ʻo Kauaʻi, Oʻahu, Maui, a me Hawaiʻi. ʻO Rachel Mahuihi, Alfred Apaka
Sr., Ida Kapuʻihilani Feary-Milton Nāone, Henry Hanalē Machado, Lilian Victor, David
Kaʻalakea, Sadie Kaluhiʻōpiopio Beebe, a me Joseph Makaʻai nā mānaleo i kālailai ʻia i kēia
papahana nei.
I ka puana ʻana i ka woela, e ʻoni ke alelo i loko o ka waha. Inā kiʻekiʻe loa a kaumua loa
ke alelo, he [i] kēlā. Inā kiʻekiʻe loa a kauhope loa, he [u] nō. A inā haʻahaʻa loa a kauwaena ke
alelo, he [a] nō ia. I kēia papahana, e wehewehe ʻia nā kani woela ma nā ana he ʻelua: ʻo ke kinona
helu ʻekahi (K1, first formant) me ke kinona helu ʻelua (K2, second formant). Ana ʻia ia mau
kinona ma ke anakahi ʻo Hertz (Hz). Pili ke K1 i ke kiʻekiʻe a haʻahaʻa paha o ka woela: inā ʻoi
aku ka Hz o ke K1, ʻoi aku nō hoʻi ka haʻahaʻa o ka woela.1 Pili ke K2 i ke kaumua/kauhope o ka
woela: inā ʻoi aku ka Hz o ke K2, ʻoi aku nō hoʻi ke kaumua o ka woela. Pēlā e hiki ai ke ana ʻia
ke ʻano o ka puana o kēlā me kēia kani woela ma kēia hōkeo ʻikepili.

1.1 Hōʻuluʻulu pōkole
E hōʻuluʻulu manaʻo au i ke ʻano o ka hana me nā hopena o kēia papahana i loko o kēia
mokuna mua nei. E hōʻike nō hoʻi au a me koʻu moʻokūʻauhau a i koʻu kahua ʻimi naʻauao
kālaiʻōlelo.

No ka poʻe heluhelu ʻano malihini i ka hana kālaiʻōlelo: mai huikau ma ka heluhelu ʻana, ʻoi aku ke K1, ʻoi aku ka
haʻahaʻa o ia woela, ʻaʻole nō pili i ke kiʻekiʻe.

1
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Ma ka mokuna ʻelua, e hōʻike au i nā ‘ike kahua no kēia papahana. I laila nō e hoʻopōkole
ʻia ai ka mōʻaukala o ka ʻōlelo Hawaiʻi, a e hoʻomāʻikeʻike ʻia nā ʻano like ʻole o ka hoʻopuka ʻia
ʻana o ke kani woela i kēia lā. E hāpai ʻia nō hoʻi kekahi mau manaʻo o kekahi mau poʻe noiʻi a
poʻe kākau paha no nā ʻano ʻōlelo e kū ana i kā poʻe mānaleo. E hōʻike nō hoʻi au i koʻu kūlana i
loko o ke kaiāulu ʻōlelo Hawaiʻi, a wehewehe i ke ʻano o koʻu koho ʻana i ke kiʻina ʻohi hāpana
no kēia papahana. Nānā hoʻi au i nā pepa i kākau mua ʻia e pili ana i nā woela o ka ʻōlelo Hawaiʻi
me ke kālailai ʻia ma ke ʻano o ka hana kālaiʻōlelo nō hoʻi.
ʻO ka mokuna ʻekolu ka wehewehe ʻana no ke ʻano o kaʻu hana. Aia kekahi hōʻike no Ka
Leo Hawaiʻi, ka polokalamu lekiō i wae ʻia mai ka ʻikepili kikohoʻe no kēia pepa. Ua koho ʻia nā
kūpuna e noiʻi ai, a ua hoʻolālani ʻia kekahi mau ʻano puana woela o nā palapala leo ma kekahi
waihona. Nui nā mea liʻiliʻi e makaʻala ai i kēia kūkulu ʻana i waeʻano. Ma hope iho, unuhi ʻia
mai nā ana o nā hiʻohiʻona kinona ʻekahi a kinona ʻelua paha i loko o kēlā me kēia kani woela o
ka hōkeo ʻikepili. A laila, hiki ke haku ʻia nā pakuhi woela a kālailai i ka ʻikepili helu.
Hoʻomōhala ʻia nā hua o kēia hana i loko o nā mokuna ʻehā, ʻelima, me ʻeono. Ma ka
mokuna ʻehā e hōʻike ʻia ai nā woela nōhie o ka ʻōlelo Hawaiʻi, ʻo ia nō ʻo /a, e, i, o, u, ā, ē, ī, ō,
ū/. Hoʻohālikelike ʻia nā paʻa woela pōkole a lōʻihi paha (a/ā, e/ē, i/ī, o/ō, u/ū): ʻAno like ka puana
ʻana o nā paʻa woela, akā, ʻoi aku ke kokoke o nā woela lōʻihi i ka lihi o ke kāwā hoʻopuka woela
(vowel space) ma mua o nā woela pōkole, a ʻano ʻokoʻa ka puana ʻia o ka woela /ē/. Hoʻokolo ʻia
nō hoʻi ke ala hoʻopuka woela (vowel trajectory) no nā woela nōhie mai ka hoʻomaka ʻana a hiki
i ka pau ʻana. Hoʻokolo ʻia nō hoʻi ka loli ʻana o nā woela ma muli o nā koneka e pili mai ana ma
mua a ma hope.
Ma ka mokuna ʻelima e ʻimi ʻia ai ka ʻume ʻia mai a me ka pahu ʻia aku o nā woela e nā
woela i kokoke. Ma muli o ke komo ʻana o kekahi woela ma hope pono iho a i ʻole ma mua pono
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iho, e loli nō ka puana ʻana o nā woela. Kuhikuhi pono ʻia ka loli ʻana o ka /a/ ma muli o ka woela
ma hope iho: Pehea e loli ai ka woela /a/ i loko o nā huaʻōlelo e like me mala, male, mali, malo,
malu? Aia kekahi /a/ haʻahaʻa loa ma mua o /a/ a i ʻole /o/; ʻoi aku ke kiʻekiʻe ma mua o /e/ me
/u/; he /a/ kaumua aia i mua o /i/, akā, ʻaʻole like kēia /a/ kaumua me /e/. Aia nō hoʻi nā manaʻo
no nā huēwoela ma ka mokuna ʻelima. Ua ʻokoʻa ka hoʻomaka ʻia o ka hoʻopuka waha ʻana o nā
huēwoela /ai/, /ae/, /ao/, me /au/. Kiʻekiʻe ʻo /ai/ me /au/; haʻahaʻa ʻo /ae/ me /ao/; kauhope ʻo /au/
me /ao/; kaumua ʻo /ai/ me /ae/. Haʻahaʻa loa ka hoʻomaka ʻana o ka huēwoela /āi/, a kiʻekiʻe loa
kona panina. Kiʻekiʻe nō hoʻi ka panina o /āu/, akā, ʻaʻole haʻahaʻa kona hoʻomaka ʻana. I kuʻu
manaʻo, he hopena ia o kaʻu ana wale ʻana nō i nā huaʻōlelo ʻo nāu me kāu wale nō i loko o kēia
hōkeo ʻikepili: ʻOkoʻa loa ka lawena o nā paniinoa, ʻokoʻa ka puana ʻana i nā huaʻōlelo memeʻa
(content words). I ka nānā ʻana i ka lawena a nā woela ʻo /ai/ me /au/, kū nō nā huaʻōlelo memeʻa
i ka haʻahaʻa ma mua o nā paniinoa a me nā hunekuhi. ʻOi aku hoʻi ka pōkole o ke ala hoʻopuka
o kēia mau woela ma loko o nā paniinoa a me nā hunekuhi.
Ma ka mokuna ʻeono e noiʻi ʻia ai ka puana woela Hawaiʻi a kēlā me kēia kanaka i nānā
ʻia ai ma loko o kēia papahana. Nānā au i nā mānaleo pākahi, a ʻimi au i ka puana a nā woela
nōhie, nā huēwoela, a me kekahi mau huaʻōlelo kikoʻī hou aʻe. Kaʻawale loa nā huēwoela ʻo /ai/,
/ae/, /āi/, /au/, /ao/, me /āu/ ma ka puana ʻana o ka hapa nui o ia poʻe mānaleo, akā, ua kuʻi pū nā
woela ʻo /ae/ me /āi/ a Ida Nāone lāua me Alfred Apaka Sr. Pēlā nō hoʻi ko lāua puana ʻana o nā
huēwoela ʻo /ei/ me /ou/: Ua hoʻokaʻawale ka hapa nui o nā mānaleo i ia mau woela a loaʻa mai
nā woela ʻo /ē/ me /ō/, akā naʻe, ʻaʻole i mōakāka loa ka ʻokoʻa i loko o ka puana ʻana a Ida Nāone.
ʻElua ona puana ʻana i nā huaʻōlelo ʻo ʻaʻole, ʻaʻohe, a ʻo hope. ʻO kekahi mau mānaleo, ua
hoʻopuka lākou i ka woela ʻo /a/ wale nō ma kahi o /o/ i loko o ia mau huaʻōlelo. ʻO kekahi mau
mānaleo, hoʻopuka lākou i ka woela ʻo /a/ a i ʻole /o/ i kēia mau huaʻōlelo penei. He mea hoihoi
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nō ka hoʻohana ʻana o Lilian Victor i ke kani ʻo /o/ inā ʻaʻole komo kekahi huaʻōlelo ma hope o ia
mau huaʻōlelo, a hoʻohana ʻo ia i ke kani ʻo /a/ inā kau kekahi huaʻōlelo ma hope. No nā huaʻōlelo
ʻo laila, maikaʻi, a ʻo kaik- i hoʻokolokolo ʻia: ʻaʻole he /ai/ e like me ka mea e kuhi ʻia i loko o ia
mau huaʻōlelo, akā naʻe, he ʻano /ei/ paha. Pēlā nō hoʻi ka puana ʻana o /a/ i loko o ka huaʻōlelo
maikaʻi: I ka puana ʻana a ka hapa nui o nā mānaleo, ʻaʻole ia he /a/ maʻamau, he ʻano /e/ nō.
Ma ka mokuna ʻehiku e hōʻuluʻulu manaʻo ʻia ai nā mokuna a pau o mua iho. E hoʻopuka
au i koʻu manaʻo e pili ana i ke kākau ʻana i nā woela i ka Pīʻāpā Puanaleo Kauʻāina (International
Phonetic Alphabet), a e paipai au i ka hoʻomau ʻia ʻana o ka noiʻi e pili ana i nā kani o ka ʻōlelo
Hawaiʻi.

1.2 Koʻu moʻokūʻauhau a me koʻu kahua
ʻO koʻu kupuna kāne, ʻo Thomas Hoskins Kettig, a ʻo Nell kāna wahine. ʻO koʻu makua
kāne kā lāua keiki ʻekolu, ʻo James kona inoa.
ʻO koʻu kupuna kāne, ʻo Marvin Tishcoff, a ʻo Herta kāna wahine. ʻO koʻu makuahine kā
lāua hiapo, ʻo Gail kona inoa.
ʻO koʻu makua kāne, ʻo James, a ʻo Gail koʻu makuahine. ʻO au, ʻo Thomas, ka hiapo, a
ʻo Carolyn ka muli.
He ʻiʻini ʻo Nell lāua ʻo Thomas Kettig i ka paipai i nā pono kīwila i ʻAmelika. Ua hānau
ʻia lāua i ka mokuʻāina o Kenetuke. Puka ʻo Thomas i ke Kulanui o ka mokuʻāina o ʻOhaio me
kona kēkelē laeʻula ma loko o ke kālailauna kanaka (sociology). Hoihoi nō ʻo ia i ka hoʻononiakahi
ʻana o nā lāhui ma nā kula ʻAmelika (Kettig 1957). He haole nō ʻo ia, akā naʻe, ua hoʻokumu ʻo
ia i ka hui kūloko o ka NAACP (Ka ʻAhahui Aupuni no ka Hoʻokāʻoi ʻana i ke Kūlana o nā Kānaka
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Pāʻele) ma ke kaona ʻo Middletown, Nūioka. I ka hala ʻana o Thomas, ua mālama hoʻokahi ʻo Nell
i kāna mau keiki ʻehā. Ua nui ke akamai o Nell a ikaika palena ʻole ʻo ia i ka hoʻomanawanui.
I ke kaona o South Bend ma ka mokuʻāina o ʻInidiana i hānau ʻia ai ʻo Marvin Tishcoff.
Ua neʻe kona ʻohana mai ʻEulopa Hikina mai. He koa ʻo ia ma loko o ke Kaua Honua ʻElua, a he
kālepa kāna ʻoihana i kona hoʻi hou ʻana i ʻAmelika. Nui kona hoihoi i nā ʻōlelo like ʻole a me nā
ʻano nohona kānaka o nā lāhui kānaka like ʻole o nā ʻāina ʻē, a nui kona aloha i ka nohona kanaka
o kona lāhui ponoʻī nō, ʻo ia nō ka Iukaio. Ma ke kūlanakauhale ʻo Wiena, ʻAukekulia i hānau ʻia
ai ʻo Herta Brückner. I kona wā kamaliʻi, ua pakele kona ʻohana mai ko lākou ʻāina hānau aku ma
muli o ka hoʻomāinoino ʻia ʻana o nā Iukaio e ke aupuni Nazi. Ua hānai ʻia ʻo ia i ʻEnelani a neʻe
akula ʻo ia me kona ʻohana i ʻAmelika.
Ua hānau ʻia ʻo James Kettig ma ʻOhaio, a ua hānai ʻia ʻo ia i ke kaona ʻo Middletown,
Nūioka. He kuhikuhipuʻuone kāna ʻoihana. Ua hānau ʻia ʻo Gail Tishcoff ma ke kūlanakauhale ʻo
Nūioka. He wahine hana keaka ʻo ia ma mua o kona lilo ʻana i mea pākōlea ʻoihana (occupational
therapist).
Ua hānau ʻia au ma ke kūlanakauhale ʻo Nūioka, a hānai ʻia au ma ka ʻāpana ʻo Jackson
Heights, ma ke kalana ʻo Queens. Lehulehu nā ʻōlelo i hoʻopuka ʻia i loko o kuʻu kaiāulu, mai nā
ʻāina like ʻole mai nō o ka honua i neʻe mai ai nā kānaka a noho ma ia ʻāpana (Brunius 2019). Ua
aʻo liʻiliʻi mai au i ka ʻōlelo Hepela i koʻu wā kamaliʻi, a nui koʻu ʻiʻini e hoʻomaopopo i nā ʻōlelo
ʻē. Ma ke kula kiʻekiʻe ʻo Hunter, ua aʻo i ka ʻōlelo Lākina, a ma waho o ke kula, ua komo au i
nā papa ʻōlelo ʻōiwi o Kekokia, ka ʻōlelo Pinilani, a me ka ʻōlelo Kelemānia.
Ua neʻe au i Montréal, Kuipeka, Kanakā no ke komo ʻana i ke kulanui ma ka mēkia kēkelē
laepua kālaiʻōlelo o ke kula nui ʻo McGill. Ma laila au i aʻo ai i ka ʻōlelo Palani, a ua kamaʻāina
loa au i ka hana o ka ʻāpono ʻia o nā ʻōlelo lehulehu ma lalo o ke kānāwai. Ua hoʻopaʻa au i ke
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kālaiʻōlelo pilikanaka (sociolinguistics) a me ka puana o ka woela /æ/ o ka ʻōlelo Pelekāne i
Montréal. Ma hope iho, ua neʻe au i ʻEulopa, a aʻo aku au i ka ʻōlelo Pelekāne ma ke ʻano he kumu
kula i Palani ma mua o koʻu neʻe ʻana i ʻEnelani. Ma ke kula nui ʻo Cambridge, ua kākau au i kaʻu
pepa laeoʻo no ka lōʻihi o ka woela /æ/ i ka ʻōlelo Pelekāne o ʻEnelani Hema.

1.3 No kaʻu koho ʻana i ka lawelawe i kēia papahana
Ua hōʻike nui ʻia a lōʻihi paha nā mea pilikino oʻu, e ka mea heluhelu, no nā mea e pili ana
i koʻu kuanaʻike ponoʻī nō. Ua kūkulu ʻia koʻu hoʻomaopopo ʻana i nā waiwai i hoʻoili ʻia mai,
mai nā kūpuna mai, a me ka naʻauao i hoʻoili ʻia mai i luna oʻu, mai nā kumu mai. ʻAʻole hiki ke
hana i kēia papahana, he kālailai kālaiʻōlelo nō hoʻi, me ka pāʻewaʻewa ʻole. No laila, he aha ke
kumu aʻu i koho ai e hana i kēia hulikoʻa woela Hawaiʻi?
I koʻu hōʻea mua ʻana i Hawaiʻi nei i ka makahiki 2016, ua ʻike au i ka hoʻohana laulaha
ʻole ʻia o ka ʻōlelo Kanaka ma kēia mokuʻāina nei. No ke aha i kakaʻikahi loa ai ka lohe ʻia o ka
ʻōlelo o ka ʻāina, ʻoiai ua hoʻokumu ʻia ka ʻōlelo Hawaiʻi me ka ʻōlelo Pelekānia ma lalo o ke
kānāwai ma ka mokuʻāina ʻo Hawaiʻi? Akā naʻe, ʻaʻole like ka hoʻohana ʻia o ka ‘ōlelo Hawaiʻi
me ka ʻōlelo Pelekānia. I kuʻu manaʻo, he minamina maoli nō.
Mau nō koʻu noiʻi i ka ʻōlelo Pelekāne ma hope o koʻu hōʻea ʻana i Hawaiʻi nei. Akā naʻe,
i kuʻu manaʻo, he kuleana nui ka hoʻopaʻa ʻana i nā ʻōlelo o ka ʻāina aʻu e noho ai i hoʻopaʻa ʻia
ma lalo o ke kānāwai. No laila, ua hoʻomaka maila nō hoʻi au e aʻo i ka ʻōlelo Kanaka a piha nā
papa 101–402. ʻO kaʻu mau kumu ʻo Alicia Rozet, Kalikoaloha Martin, Kamakakaulani
Gramberg, Kaliko Baker, Keawe Lopes, Laiana Wong, Kahikina de Silva, a me Lolena Nicholas.
ʻOiai au e aʻo ana i ka ʻōlelo, ua nui kaʻu mau nīnau e pili ana i ka puana ʻana. ʻO ka woela
ʻo /a/ kaʻu kumuhana mākaukau loa, akā naʻe, huikau nō au i ka puana ʻia o /a/ ma ka ʻōlelo

30

Hawaiʻi. He aha nā lula puana o ia woela? ʻOkoʻa paha ka puana ʻia o ka woela i kālele ʻia a kālele
ʻole ʻia paha? ʻOkoʻa paha ka puana ma muli o ka pili a pili ʻole mai i nā koneka a i nā woela hou
aku paha? ʻOkoʻa paha, ʻaʻole paha, ka puana ʻia o kekahi huaʻōlelo, akā, ʻaʻole pēlā no kekahi
huaʻōlelo – pehea lā? A ʻo nā huēwoela kekahi – pehea e kaʻawale ai nā woela ʻo /āi/, /ae/, a ʻo
/ai/, a i ʻole ʻo /āu/, /ao/, a ʻo /au/? ʻOkoʻa paha ka puana a kēlā me kēia poʻe mānaleo Hawaiʻi?
Ua nīele au i koʻu mau kumu. Akā, kakaʻikahi nā pane, a kakaʻikahi nā pepa kālaiʻōlelo i
kākau ʻia e pili ana i ka puana ʻōlelo Hawaiʻi. No laila, ua hoʻoholo nō au e kākau i kaʻu pepa
laeʻula kālaiʻōlelo no nā woela Hawaiʻi. Lana koʻu manaʻo, e ka mea heluhelu, he kōkua paha kēia
pepa i nā poʻe ʻimi naʻauao ʻōlelo Hawaiʻi o kēia wā a me ka wā e hiki mai ana.
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Chapter 2: Background

2.1 Introduction
This chapter introduces some historical background regarding the Hawaiian language and
summarizes previous research on the different types of Hawaiian spoken today and in the recent
past. I also explore here my own positionality in relation to the study of Hawaiian and explain the
steps I have taken to respectfully choose and analyze the data that underpins this dissertation. The
next section summarizes previous phonetic research on the vowels of Hawaiian. I then explain
several phonological assumptions that underlie the phonetic description carried out in Chapters 4–
6.

2.2 Historical background
ʻŌlelo Hawaiʻi (Hawaiian, ISO 639-3: haw) is the aboriginal language of the Hawaiian
archipelago. Hawaiian is a member of the Austronesian language family and is classified (from
broadest to most specific) as a Malayo-Polynesian, Oceanic, Polynesian, and Eastern Polynesian
language (Blust 2013). Oral histories and archaeological evidence suggest that the first inhabitants
of Hawaiʻi probably arrived from Tahiti (the Society Islands) and Nuku Hiva (the Marquesas)
between around 1000 and 1200 CE, with several waves of subsequent migration to Hawaiʻi (Kirch
2011, Wilmshurst et al. 2011). Regular contact via long-distance voyaging appears to have been
maintained for several centuries between Hawaiʻi and other parts of Eastern Polynesia, including
Tahiti and Aotearoa (New Zealand) (Crowe 2013, Walworth 2014).
While the existence of widespread voyaging seems to contradict claims that pre-European
Hawaiians “may not have known of the existence of other languages,” (Elbert & Māhoe 1970: 18),
early forms of Eastern Polynesian languages may in fact have remained mutually intelligible
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enough for these seafarers to have recognized them as dialects of a single language. Schütz (1994)
reports that in Captain James Cook’s Pacific voyages (1769–1779, with Hawaiian contact
established in 1778), his crew were astounded at their ability to use rudimentary Tahitian to
communicate with speakers of Hawaiian and Te Reo Māori. The varieties spoken across the
Hawaiian archipelago were recognized by their speakers as a single language, though evidence
from early European reports of Hawaiian words reflect variation indicative of interspeaker
differences: for instance, it appears that [t] was more common on Kauaʻi and [k] was more
common on Hawaiʻi Island as pronunciations of the same phoneme (Schütz 1994). Early European
visitors also described what appears to be a word taboo system utilized by aliʻi (‘nobles’) to
differentiate their speech from that of commoners, though little evidence of this remains in
Hawaiian today (Schütz 1994: 21).
As sporadic European voyages to Hawaiʻi gave way to regular trading contacts,
Kamehameha the Great completed his conquest of the island chain, unifying the archipelago in
1810 under the rule of a single monarchy whose sovereignty was soon recognized by other world
powers. When missionaries arrived in Hawaiʻi in 1820 from the United States, they learned
Hawaiian and began to develop an orthography for the language to facilitate Bible translation and
Christianization. Several dictionaries and grammars were published in the ensuing decades, and
the circulation of Hawaiian-language newspapers – over 100 different publications packed with
local and international news alongside advertisements, editorials, genealogies, traditional
historical accounts, oral mythologies, and state and religious proclamations – grew over the course
of the nineteenth century. An extensive archive of these newspapers and other literature has been
digitized and is now searchable online (Papakilo Database, online).
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At the time of Captain Cook’s visit in 1778, there may have been up to 800,000 Native
Hawaiians living in this archipelago; due primarily to contact with foreign diseases, the native
population collapsed, reaching as low as 40,000 by the 1890s (Stannard 1989). The extractive
agricultural industries in Hawaiʻi, dominated by a small number of Anglo-American families,
relied on the importation of foreign labor. After 1876, when the Reciprocity Treaty between the
Hawaiian Kingdom and the United States increased the profitability of sugar exportation for
plantation owners, immigrants from Japan, China, Portugal, and many other countries arrived in
large numbers (Beechert 1985, Iijima 2020, Roberts 2013). However, even in the midst of this
demographic upheaval, Hawaiian continued to be a regular medium of communication in the
islands. By 1890, “more than four out of every five Hawaiians and Part-Hawaiians over the age of
six were able to read and write, most of them still in the native tongue” (Lind 1955: 83). Residents
of all ethnicities learned to speak Hawaiian, and well into the 1880s and 1890s, Pidgin Hawaiian
was used as a means of interethnic communication on plantations throughout the kingdom (Roberts
2013). The development of this Hawaiian-lexified contact language attests to the continued use of
Hawaiian as a community language across the islands throughout the nineteenth century, and
points to the adaptation of Hawaiian – rather than English – to the communicative needs of the
multiethnic immigrant population.
The 1893 coup d’état in which Anglo-American businessmen and Marines overthrew
Queen Liliʻuokalani, the last monarch of Hawaiʻi, heralded an end to the use of Hawaiian in official
domains. Throughout the nineteenth century, English schools had steadily expanded along with
the political and economic influence of the Anglo-American minority. Starting in 1896, Hawaiianmedium schools, both public and private, were outlawed in favor of English-only education
policies – a prohibition which remained until 1986 (Wilson 1998). Students were punished for

34

speaking Hawaiian, while parents ceased to transmit the language to their children under strong
pressure to assimilate to American society. While at the time of the overthrow English had already
gained ground as a community language (especially in Honolulu), the American occupation
accelerated its spread and consolidated its dominance. A 1903 article declared, in an unsettlingly
prescient and disturbingly celebratory manner:
By the end of the century Hawaiian speech will have as little usage as Gaelic or Irish has
now, and it will not be many years hence when there will be but small demand for
Hawaiian-English interpreters. The native children in the public and private schools are
getting a good knowledge of English, and, indeed, it would be doing them an injustice to
deny them instruction in English speech. Hawaiians who speak only their native tongue
find it difficult to obtain employment. Time was, thirty years or so ago, when it was
necessary for every foreigner to learn Hawaiian, as the great majority of the inhabitants
were Hawaiians. Now it becomes necessary for Hawaiians to learn English as their
numbers constitute only fifty per cent of the population. For the very reason that English
has become the habit very few new arrivals make any attempt to study the aboriginal
speech. […] The children now in school will retain, as long as they live, a comprehension
of their mother tongue, and an affection for it, too, but it is doubtful if the same can be said
of their children, who will be accustomed to hearing both English and Hawaiian spoken at
home. With the generation coming after them the tendency to use the Hawaiian speech will
be weaker yet. (Paradise of the Pacific 1903: 7–8)
Alongside English, Hawaiʻi Creole (HC, or ‘Pidgin’), the English-lexified creole spoken
today across the archipelago, took over as the chief home language in Hawaiʻi within the first two
decades of the twentieth century (Roberts 2013). By the 1950s, when Hawaiʻi became the 50th
state of the United States, language shift away from Hawaiian was nearly complete throughout the
archipelago, with the exception of the community based on the island of Niʻihau (Brenzinger &
Heinrich 2013). At its nadir in the early 1980s, ʻōlelo Hawaiʻi had fewer than 50 speakers under
the age of 18 (Kawaiʻaeʻa et al. 2007).
A resurgence of interest in Hawaiian language began in the 1970s alongside a more
widespread Hawaiian cultural renaissance. Activists based at the University of Hawaiʻi campuses
in Mānoa, Oʻahu and Hilo, Hawaiʻi spearheaded projects dedicated to the preservation and
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continuation of ʻōlelo Hawaiʻi. Dr. Larry Kimura, who served as an early mentor and teacher for
many language activists, began broadcasting the Hawaiian-medium radio show Ka Leo Hawaiʻi
(KLH) on the Honolulu station KCCN in 1972, inviting native speakers for in-person interviews,
answering phone calls from the community, and carving out a space for students to present stories.
Dr. Kimura was also one of the founders of the Pūnana Leo language nest program along with Drs.
Pila Wilson and Kauanoe Kamanā. Their efforts in the early 1980s to establish an immersion preschool set the course for today’s Hawaiian-medium education system, which now encompasses
multiple pre-school, K–12, undergraduate, and graduate programs across Hawaiʻi (Wilson &
Kamanā 2001).

2.3 Types of Speakers and Types of Hawaiian
Any description of Hawaiian phonetics must first identify whose Hawaiian is being
described, and ideally should consider the relationships and attitudes within the community of
speakers that might lead a researcher to prioritize the description of some varieties over others.
Brenzinger and Heinreich (2013) suggest a typology of the Hawaiian speakers involved in the
language revitalization movement, illustrating the principal connections between the groups.
NeSmith (2005, 2019) has proposed that not only does ʻōlelo Hawaiʻi have different types of
speakers, but that the varieties spoken by these groups can be categorized as two types of Hawaiian.
The speakers considered in this dissertation are those that Brenzinger and Heinrich (2013) call ‘old
native speakers’, and their varieties are considered by NeSmith (2005, 2019) to be ‘Traditional’ or
‘Type-1’ Hawaiian as opposed to ‘Type-2’ or ‘Neo Hawaiian’. In order to motivate the decision
to focus on the speakers described in this dissertation, this section explores how these authors have
categorized types of speakers and types of Hawaiian. While debates over legitimacy and
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authenticity are explored further in Chapter 2.4, particular attention is also paid to NeSmith’s more
positive evaluation of the usage of Type-1 over Type-2 forms of Hawaiian.

2.3.1 Types of speakers: Brenzinger and Heinrich (2013)
Brenzinger and Heinrich (2013) set forth a typology of Hawaiian speakers (Figure 2.1,
reproduced here) that identifies three “core” groups of participants in the Hawaiian revitalization
movement, along with two peripheral groups and one hypothetical future group of speakers. In
this section, I first define these groups as Brenzinger and Heinrich (2013) describe them and offer
a critical observation regarding the status of Niʻihau speakers in their typology.

Figure 2.1. Reproduced from Brenzinger and Heinrich (2013: 309). “Core members” are set in
bold font.
‘Old native speakers’ are those who acquired Hawaiian in childhood as one of their L1s
(first languages). Over the course of their lifetimes, most of these speakers shifted to English and
Pidgin as their dominant languages in most domains (NeSmith 2019). Many of these elders were
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in contact with the language activists who spearheaded the revitalization of Hawaiian (marked in
Figure 1 with a line to the ‘pioneers’), but they were increasingly geographically isolated from
each other by the end of the twentieth century. Very few of these speakers are alive today;
Brenzinger and Heinrich (2013: 306) refer to “some 20 remaining,” while Hailama Farden (p.c.,
2019) has identified up to 30 such speakers, all very elderly and scattered across Hawaiʻi and the
United States.
‘Niʻihau speakers’ are considered separately from ‘old native speakers’ by Brenzinger and
Heinrich (2013), despite also acquiring Hawaiian in childhood as an L1. These speakers are
members of families based on the island of Niʻihau, with most living on Kauaʻi in the towns of
Kekaha and Waimea. The island of Niʻihau itself has been privately owned by the
Sinclair/Robinson family since 1864, and remains the most isolated and inaccessible inhabited
island in the Hawaiian archipelago (Stepien 1988). Niʻihau Hawaiians have maintained a distinct
linguistic, religious, and cultural identity, and their language variety has long been noted to differ
in several respects from that of other Hawaiian speakers (NeSmith 2019, Wong 2019). This
community of about 300 is unique in Hawaiʻi for having maintained an unbroken chain of L1
Hawaiian language transmission throughout the twentieth century, though in recent decades
English has begun to be used by young speakers in more domains.
The ‘pioneers’ are how Brenzinger and Heinrich (2013) refer to the small group of
language activists who acquired fluent Hawaiian as an L2 (second language) through contact with
old native speakers and intensive study. Dr. Larry Kimura is usually identified as the chief pioneer
who spearheaded the revitalization movement in the 1970s and 1980s and guided a generation of
teachers and parents in revitalizing Hawaiian. Though Brenzinger and Heinrich (2013: 307) claim
that this group of “hardly more than a handful of families” has “constituted the unchallenged
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linguistic authorities over Hawaiian,” this is not strictly true, as NeSmith (2005, 2019) has directly
challenged this authority and Higgins (2019) has documented a variety of ideologies held by
speakers within the movement. The style of speech promulgated by these pioneers has been
variously referred to as ‘Standard Hawaiian’, ‘University Hawaiian’, and ‘College Hawaiian’
(Parker Jones 2018, Higgins 2019).
The ‘new fluent L2 speakers’ are those who learn Hawaiian in educational settings
established by the pioneers, including immersion schools and university programs, and achieve a
high degree of fluency. This group has “consciously adapted the use of Hawaiian to all modern
communicative requirements and in all domains,” particularly in the development of new lexical
items (Brenzinger and Heinrich 2013: 307). Brenzinger and Heinrich (2013) estimate their
numbers at about 5,000–7,000 speakers, though this is now probably an underestimate of the
number of functionally fluent L2 Hawaiian speakers. These speakers, who have varying degrees
of exposure to Hawaiian in childhood but whose dominant L1 was English or Pidgin until
adulthood, make up the majority of teachers of Hawaiian in classrooms today and indeed the
overwhelming majority of fluent speakers today (NeSmith 2019: 95).
The ‘new native speakers’ of Hawaiian are those born since the 1970s who have attended
pre-schools and other education institutions with Hawaiian as a medium of instruction, and at least
one of whose parents speaks some Hawaiian, nearly always as an L2. For these speakers, Hawaiian
is acquired in early childhood as one of their L1s, with balanced bilingualism in English and/or
Pidgin. In some domains, such as school and family life, Hawaiian may be their dominant
language. Brenzinger & Heinrich (2013) estimate that this group comprises about 300 speakers;
as of 2020 this is now probably an underestimate, given the growing number of L2 speakers
choosing to raise their children in Hawaiian and the expanding number of Hawaiian-medium
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immersion and charter schools throughout the archipelago (at least 20 programs; Higgins
2019: 49).
The ‘next/future generation of new native and fluent L2 speakers’ are those speakers in the
future who will acquire Hawaiian from the ‘new fluent L2 speakers’ and the ‘new native speakers’
of today. Brenzinger & Heinrich (2013: 308) quote Pila Wilson as saying that children “sometimes
don’t speak Hawaiian the way we would like them to speak; they diverge from the Hawaiian we
teach them.” As the speakers of today and tomorrow adapt the Hawaiian they have learned –
primarily from L2 speakers – to their own communicative needs, they will inevitably introduce
changes into the language, and will possibly integrate some L2 English transfers into their
Hawaiian. This may concern pioneer revitalizers as well as community members worried about
the (further) introduction of non-native language patterns into Hawaiian. On the other hand,
variation and change may also be seen as an indication that Hawaiian is a living language adapting
to the communicative needs of its speakers. Chapter 2.4 delves into these contestations in more
detail.
Brenzinger & Heinrich’s (2013) typology is useful for understanding the different actors
within the Hawaiian revitalization movement, and the succinct labels that they introduce will be
employed in the rest of this dissertation according to the definitions outlined above. However,
some of their assertions could be critiqued, particularly regarding their discursive marginalization
of Niʻhau Hawaiians and their placement outside the ‘core’ of the revitalization community.
Brenzinger and Heinrich (2013: 206) state:
Hawaiian as spoken on Niʻihau does not adequately serve speakers’ modern
communicational and educational needs on other islands and in urban centres. For that
reason, competence in the lexicon and grammar of Hawaiian among younger Niʻihau
people is less elaborate compared to the sophisticated Hawaiian introduced and spread
through the language revival movement.
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Without specific examples, it is unclear what evidence they have to support the claim that the
Niʻihau lexicon or grammar is less “elaborate” or “sophisticated” than the Hawaiian spoken by L2
learners and their L1 children in the revitalization movement. Indeed, these value judgments are
both untestable linguistically and at odds with observations of successful Niʻihau language
maintenance from within the community (Wong 2019, NeSmith 2019).
In addition, in Figure 2.1, Brenzinger and Heinrich (2013) depict ‘Niʻihau speakers’ as not
only separate from both ‘old native speakers’ and ‘new native speakers’, but indeed with no links
to any group except the ‘pioneers’. Despite their geographic and social marginalization compared
to other participants in the Hawaiian revitalization movement, Niʻihau speakers have in fact had
extensive contact with ‘old native speakers’, and in terms of uninterrupted L1 acquisition, could
be argued to themselves represent a living community of ‘old native speakers’. Tellingly, Niʻihau
speakers and ‘old native speakers’ alike are often referred to as mānaleo within the revitalization
community, a word coined by Drs. Kimura and Wilson to describe the voice (leo) as being
transmitted through the generations like birds feed their young with pre-chewed food (māna). In
Figure 2.1, however, no connection is drawn between Niʻihau speakers and ‘new native speakers’,
obscuring the fact the Niʻihau community itself is producing ‘new native speakers’, and for
decades has had direct contact with new L2 and L1 speakers on other islands. Several Niʻihau
Hawaiians living outside their community have played prominent roles as language models and
instructors from the pre-school to post-graduate levels. Therefore, while it is uncontroversial to
distinguish Niʻihau Hawaiian from other varieties based on certain linguistic and social criteria,
the Brenzinger and Heinrich (2013) typology may discursively reproduce the marginalization of
Niʻihau Hawaiians and their language and may sideline Niʻihau contributions and connections to
the revitalization community as a whole. Considering the fact that, to the best of my knowledge,
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these scholars are neither Hawaiian speakers nor specialists on ʻōlelo Hawaiʻi, these problematic
aspects of their paper should probably be considered critically and ideally revisited in future work.

2.3.2 Types of Hawaiian: NeSmith (2005, 2019)
NeSmith (2005, 2019) has proposed a division between two types of Hawaiian. In his 2005
paper, NeSmith distinguishes between ‘Traditional Hawaiian’ and ‘Neo Hawaiian’, and in his
2019 paper he introduces the terms ‘Type-1’ versus ‘Type-2’ as alternative labels for these
varieties. Overall, NeSmith’s Type-1/Traditional Hawaiian corresponds to the two mānaleo groups
that Brenzinger and Heinrich (2013) depict as feeding into the Hawaiian of the pioneer generation
– that is, old native speakers and Niʻihau speakers – while Type-2/Neo Hawaiian is promulgated
by the pioneer generation and spoken by a majority of L1 and L2 speakers today. In this section, I
address how NeSmith defines these types of Hawaiian based primarily on acquisition patterns,
introduce some of the phonetic features that he argues to be indicative of a bifurcation between
‘traditional’ forms and those more common now in the revitalization community, and closely
consider how he distinguishes between – and assigns different value to – Types 1 and 2.
NeSmith argues that “the most fundamental differences between Types 1 and 2 are their
linguistic and cultural background and the way they acquired their knowledge of Hawaiian
language and culture” (NeSmith 2019: 95). He therefore primarily defines the difference between
Type-1 and Type-2 Hawaiian according to the manner in which the language is transmitted:
…the perpetuation of L2 speech in the schools has created an institutionalized L2 form of
Hawaiian that I call “Neo Hawaiian” (NEO) [Type-2]. I believe that the NEO language is
an attempt by L2 learners to acquire the language of L1 speakers. The Hawaiian of L1s
who learned the language from other L1s whose families continued the language from time
immemorial is what I term Traditional Hawaiian (TRAD) [Type-1]… TRAD is still spoken
among the perhaps fewer than one thousand remaining TRAD speakers, likely making it
the smallest native speaking population of any Polynesian language. At the same time,
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NEO burgeons and is concentrated in the non-Niʻihau-community-based schools.
(NeSmith 2005: 7)
The distinction goes beyond merely one of L1 versus L2 Hawaiian. NeSmith (2019: 94-95) defines
speakers of Type-1 Hawaiian as those who “acquired their proficiency from among family and
community members who were L1s” and suggests the label “Type 1.5” for speakers who acquired
Type-1 Hawaiian in the early twentieth century as an L2 “purely from Hawaiian L1s in an era
where all Hawaiian speakers were Type-1”. He argues that the L1 speakers now emerging from
immersion schools are competent in Type-2 rather than Type-1 Hawaiian due to the reinforcement
of L2 norms within the within the revitalization community: “NEO [Type-2] characteristics result
from the fact that its speakers interact regularly with each other and not with TRAD [Type-1]
speakers” NeSmith (2005: 7). NeSmith (2019) suggests the term “Type-2.5” to describe the
emerging variety spoken by children who acquire Hawaiian as an L1 concurrently with English
and/or Pidgin.
In this typology, the linguistic features that differentiate Type-1 from Type-2 Hawaiian are
positioned as the result of their bifurcation rather than definitive of their varieties. NeSmith (2005:
8) provides several examples of such linguistic features, describing these phonetic differences as
“a simplification of TRAD [Type-1] by NEO [Type-2] speakers” (see Table 2.1). He provides
further examples in terms of syntax and lexical choice (not discussed here) that he argues reflect
“the general unfamiliarity NEO [Type-2] speakers have of the TRAD [Type-1] spoken by today’s
native Hawaiian speakers”.
The phonetic differences noted in Table 2.1 are overall acoustically testable, though some
might be more difficult to explore than others. Observation 1 would be testable in terms of speed
(perhaps measured in syllables per second), but a more specific hypothesis would have to be
constructed regarding what is meant by a distinct Polynesian accent versus a local one.
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Observations 2 and 7 would be testable by means of auditory analysis. The present dissertation
will offer some insight into the Type-1 sides of Observation 5 (variation in /a/ based on following
vowel), Observation 6 (the distinction between /ō/ vs. /ou/ and /ē/ vs. /ei/), and Observation 3 (the
distinction between final unstressed /i/ and /e/ – though comparisons of /oe/ and /oi/ clusters are
outside the scope of this analysis because only /oi/ is assumed to be a diphthong; see Chapter 2.7).
Observation 4, though about vowel articulation, is outside the scope of this dissertation because
the present analysis excludes consideration of vowels directly abutting each other. It should be
noted that Observation 8, the “clear articulation of glottal stops” in Type-1 Hawaiian, has not been
borne out in the sample analyzed for this dissertation; Chapter 3.6.4 describes difficulties related
to ʻokina (glottal stop /ʔ/) that arose in the course of analysis.
Table 2.1. Observations of phonetic differences between the two types of Hawaiian, from
NeSmith (2005: 8).
1.

Type-1/Traditional
“A distinct accent, resembling that of other
Polynesian speakers, and somewhat fast speech.”

1.

Type-2/Neo
“An American or Hawaiʻi English (‘local’) accent
and slow speech”

2.

/w/ pronounced as [v], [w], or [β]

2.

/w/ only pronounced as [v]

3.

hoihoi vs. hoehoe remain distinct

3.

“Difficulty in distinguishing between final
unstressed -e and -i”, hoihoi and hoehoe merged

4.

“Clear articulation of long vowel sequences”, e.g.
eia aʻe as eiaʻe

4.

“Difficulty with long sequence of vowels and with
distinctive vowel length in general”, e.g. eia aʻe as
eaʻe

5.

“The pronunciation of /a/ follows the phonological
rules of Hawaiian: it is raised before /i/ and /u/, but
not in other positions. Thus, phonetically, the /a/
sounds in maikaʻi and makemake are different”

5.

“/a/ is not raised before /i/ and /u/... both a sounds
treated the same... (Midwestern American English
accent”

6.

“words with ō vs. ou, ē vs. ei are kept distinct”

6.

“The distinction between long vowels and
diphthongs is not maintained”

7.

kāua may be pronounced with a glide or with a
glottal stop between ā and u

7.

kāua only pronounced with a glide and never a
glottal stop

8.

“Clear articulation of glottal stops and short and
long vowels”

8.

“Insertion or deletion of glottal stops or long
vowels”

NeSmith’s (2019: 100) classification overlaps with that of Brenzinger and Heinrich (2013)
in identifying the pioneer generation as a pivot point, noting that “the first Type-2s were adults in
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the 1970s who were English L1s who learned Hawaiian in classes.” In Figure 2.1, Brenzinger and
Heinrich (2013) visually emphasize the bottleneck that has broken the direct continuity between
L1 speakers who learned Hawaiian from other L1s and the majority of today’s Hawaiian speakers,
locating both old native speakers and Niʻihau speakers as outside the core of the speaker
community. NeSmith likewise highlights the linguistic ramifications of the lack of communicative
connection between Type-1 and Type-2 varieties, arguing that changes introduced due to this
divide will extend into future generations.
However, NeSmith takes a particularly militant stance against accepting new forms as
standard, instead ascribing a clear negative value to ways that Type-2 practices diverge from Type1 norms. In response to attitudes that “all languages evolve,” NeSmith (2005: 11) distinguishes
between changes ‘naturally’ driven from within the community by L1 speakers and changes
introduced by L2 speakers: “As [L2 transfer] is not an example of language evolution, research
must be done to determine if NEO [Type-2] is a dialect of TRAD [Type-1], or a separate language
altogether” (NeSmith 2005: 12). NeSmith (2019: 101) states that “L2s of all domains regularly
invent words or grammar to compensate for lack of knowledge and the fossilization of errors is a
chronic problem,” and provides various “reasons why we should choose the language of Type-1s
over the invented words of Type-2s” (2019: 109).
Several issues emergent from NeSmith’s papers deserve a critical look. In particular, his
definition of Type-1 Hawaiian as being acquired chiefly within the community and Type-2 as
being acquired chiefly within schools leaves all potential future L1 speakers of Hawaiian in an
ambiguous position, as they increasingly will acquire Hawaiian in both domains. Relatedly, while
both of his papers make it clear that Type-1/Traditional and Type-2/Neo are labels that each
encompass several different varieties and do not correspond strictly with L1 versus L2 learners,
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NeSmith often uses these terms to describe types of speakers, potentially obscuring important
distinctions within and between Types 1 and 2. In defining Type-2 Hawaiian, he states:
Type-2s – those who acquire the language from classrooms – who have had enough
interaction with Type-1s to impact their proficiency so that they sound like Type-1s in their
accent, and demonstrate Type-1 idiosyncrasies in the way they use language, can be said
to be greatly influenced by Type-1s to the extent that can potentially be measured. But the
distinguishing characteristic of Type-2s is that the core of their learning is based in
classroom study. (NeSmith 2019: 95).
NeSmith would therefore consider an L2 learner of Hawaiian born in the early twentieth century
who closely reflects Type-1 norms to be a “Type-1.5” speaker, but a person born in the early
twenty-first century, exposed to Type-2 Hawaiian at home and in classrooms and exhibiting
linguistic features of Type-1s “to the extent that can potentially be measured”, would still be
considered a Type-2 or “Type-2.5” speaker. Linguistic definitions regarding the unity or division
of dialects, however, typically focus on specific syntactic, semantic, phonetic, or other languageinternal differences that may affect mutual intelligibility or be perceived as salient identity markers
between communities. Though NeSmith (2005: 13) has argued that “mutual intelligibility between
these [two] language communities is limited” on the basis of several features, these features are
clearly positioned as typical outcomes rather than definitive of their types; otherwise, it would be
hard to explain why two speakers on either chronological side of Hawaiian’s break in transmission
who exhibit similar linguistic features would be categorized as speaking mutually unintelligible
varieties.
The question therefore arises: Are there truly more differences between these types than
within these types? Most of NeSmith’s examples of Type-1 Hawaiian are drawn from Niʻihau
speakers, and his descriptions of Type-2 Hawaiian are heavily skewed toward the speech of L2
speakers rather than the Type-2.5 spoken by L1 speakers immersed in the largely L2 speech of the
revitalization movement. These foci are understandable given the fact that Niʻihau speakers and
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new L2 speakers comprise today’s largest populations of Type-1 and Type-2 speakers,
respectively. However, given the lack of research on variation and change in Hawaiian, it is still
an open question whether most or all of the features he points to as being typical transfers from
English to L2 Type-2 speech are present in the speech of all or even most L1 Type-2 speakers.
NeSmith (2005: 8) notes that “speakers of both NEO [Type-2] and TRAD [Type-1] often consider
the differences in the language of the other incorrect or awkward,” but the same could be said of
speakers taught Hawaiian at the University of Hawaiʻi at Mānoa versus the University of Hawaiʻi
at Hilo, the two intellectual hubs of Hawaiian-language postsecondary education which for
decades have promulgated their own standards within Type-2 Hawaiian. Furthermore, as NeSmith
(2019) points out, the internal diversity of Type-1 varieties before the loss of most old native
speakers may have been vast. Though the research that has been conducted on this question has
mostly been limited to the examination of spellings in historical documents (Schütz 1994, 2020),
it is conceivable that linguistic differences and mutual intelligibility issues between, say, an L1
Niʻihau speaker and an L1 old native speaker from Hawaiʻi Island may have historically been just
as great as the differences between that same L1, Type-1 speaker from Hawaiʻi Island and an L1
speaker of Type-2 Hawaiian on Hawaiʻi Island today.
The differences that NeSmith observes provide insights into variation and change we might
expect to encounter in sociolinguistic comparisons of Hawaiian speakers, but these hypotheses
remain to be tested. This dissertation will provide some initial baseline data regarding the vowels
of non-Niʻihau old native speakers, opening the door to future research that could test NeSmith’s
hypotheses regarding variation and change in Hawaiian. However, one reason that this dissertation
specifically avoids going any further in drawing comparisons between different types of speakers
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or varieties is that attitudes regarding these varieties’ relative authenticity and legitimacy is highly
contested, as NeSmith makes clear. The next section will focus on these debates.

2.4 Authenticity and legitimacy
As a linguist, I believe that all of the types of speakers and varieties of Hawaiian described
by Brenzinger and Heinrich (2013) and by NeSmith (2005, 2019) are of interest for many reasons.
Research on the different groups could enhance our understanding – both as students of Hawaiian
and as linguists – of variation and change, and could identify further features of interest for
theoretical and pedagogical purposes. However, a wide range of attitudes exist within the
community regarding the relative authenticity of these varieties and their legitimacy as models for
new L1 and L2 speakers. The most salient attitudinal debate regarding pronunciation in Hawaiian
surrounds the tension between those who view Type-2 forms in a fundamentally negative light
compared to Type-1 ‘traditional’ speech and those who evaluate both as legitimate styles or even
demonstrate an ideological preference for Type-2 features. Because such attitudes have impacted
how I chose which voices to analyze for this dissertation, I focus in this section on the authenticity
debate within the Hawaiian revitalization movement.
Contestations over the authenticity of different types of Hawaiian were a feature of
discourse regarding the language long before today’s revitalization efforts. The 1903 article quoted
in Chapter 2.2, though evidently biased against the continuation of Hawaiian in general, reveals
that there was a certain degree of awareness of dialectal differences at the turn of the twentieth
century:
Since the time of Kamehameha the Great the Hawaiian tongue has been almost
revolutionized, so many idioms have crept in and so many English expressions with
Hawaiian spelling and pronunciation have been adopted. The old fashioned natives living
in the country districts have an extensive vocabulary of words with which the younger

48

generation in the city are wholly unfamiliar. A venerable native came over from Kauai a
short time ago to visit his son, who is pure Hawaiian, and after they had conversed a few
minutes the elder one exclaimed in Hawaiian: “You talk like a foreigner!” (Paradise of the
Pacific 1903: 7)
More recently, Wong (1999: 94-95) states that “[l]egitimate concerns have been raised
about the authenticity of the product being promoted throughout the community as ‘Hawaiian’,”
observing that changes introduced by L2 learners into the revitalization process are often
considered “a corrosive force that contaminates the purity and weakens the integrity of the
language, perhaps even rendering it unworthy of revitalization efforts”. Some community
members express discomfort or dismay over changes introduced into the language by L2 speakers
and the new L1 speakers whose speech models are chiefly L2 speakers. As noted in Chapter 2.3.2,
NeSmith exemplifies this attitude, forcefully arguing:
First, not all native TRAD speakers have died. Seeking them out to learn their manner of
speech is a responsibility of the learner. But to say that it is no longer possible to learn the
speech of the TRAD speaker is not true. Although difficult, it is possible. Second, this
defeatist argument... this sense of hopelessness advocates for the creation of a new
language based on the inventions of L2 speakers. (NeSmith 2005: 12)
I say to my fellow participants, choose as you will, but choose the language of our Type1s. Prefer it. Slow the trend of engineering of the Hawaiian language by English L1s so
that it doesn’t diverge from the language of our grandparents and great-grandparents
unnecessarily. (NeSmith 2019: 111).
The view that it is the responsibility of the learner to look to traditional forms so as to avoid
unnecessary divergence encapsulates this type of negative valuation accorded to Type-2 Hawaiian.
Higgins (2019) has interviewed Hawaiian speakers with various views on authenticity,
some of whom also clearly look to old native speakers rather than the pioneers as their preferred
language models. As stated by one of Higgins’ (2019: 65-66) interviewees:
One concern that we definitely have is pronunciation and making sure that we’re trying to
be as close to the native speech of our kupuna (‘elders’) as possible... nowadays we have
newscasters who speak Hawaiian like Amy Kalili... her pronunciation is very clear... it’s
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correct, it’s exact, but it’s sometimes criticized as University Hawaiian. Because it has that
sound. It doesn’t sound like the kind of Hawaiian I want to speak.
This attitude which values Type-1 over Type-2 varieties stands in contrast to other
community discourses that emphasize the importance of acquiring the Type-2 ‘standard’ due to its
perceived merits as a modern, literary language. As Hawkins observes (1982: vii–viii),
Most of the new generation are learning Hawaiian by taking classes in the schools and
university. These classes rely heavily on texts which have been written in “standard”
Hawaiian. This standardized system is heavily based on the early grammars of Andrews
and Alexander and native writings from 1840 to 1920, including works by Nakuina,
Kamakau, Malo, Fornander, Ii and Haleola [Haleʻole]. In using a standard which is based
on the language as it was spoken nearly a hundred years ago, we teachers are opening
ourselves for attack that the language we teach does not represent spoken Hawaiian of the
1980’s.
The discourses that uphold this standard are perhaps most evident in terms of the prescriptivism
that students face in classrooms, where speech modeled on well-attested written sources – not
necessarily spoken ones – may be treated as most ‘correct’ (Wong 1999). As one of Higgins’
(2019: 66) interviewees explains:
College Hawaiian... didn’t necessarily jibe with the way I heard my grandmother say it.
And then I learned that in order to revitalize the language and to get people on the same
track, you need to learn it in a standard form and then you can go back and change it...
Then there’s this people in Hilo where you say one wrong verb and they’re like- they’re
looking at you like “what are you saying?” They cringe. Yeah they cringe. You’re
butchering the language. But... you go and you talk to the kūpuna and they don’t know
what you saying because you speaking College Hawaiian. And they’re like, “you’re
speaking, like a proper English to somebody who speaks Pidgin.” It’s that same
relationship.
These fraught contestations over authenticity and legitimacy can lead to linguistic
insecurity not only among L2 speakers but also among L1 ʻōlelo Hawaiʻi children. As another
interviewee expressed to Higgins (2019: 67) regarding her young family members who attend
immersion school, “a bunch of my younger cousins... when they’re together, and my cousin is like,
‘okay, ʻōlelo Hawaiʻi wale nō’ [‘speak Hawaiian only’]... they’re shame... or they no like talk. And
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I don’t know why. Like it’s still like- why? Maybe they’re scared they’re going to say something
wrong.” The fear of saying something “wrong” in Hawaiian is thus a potential impediment to
revitalization if it encourages children to avoid using Hawaiian in favor of English or Pidgin.
Snyder-Frey (2013: 236) describes this tension, but notes that fear of using “bookish
forms” – those valorized as ‘standard’ – may be just as much of an issue as prescriptive attitudes
against non-standard “mistakes”:
[A]n ideology of authenticity puts a particular burden on the heritage language learner to
be an authentic speaker and the disparity between this ideal and their own linguistic
competence may create tension and anxiety that they will be judged as inauthentic or
impure. Ultimately, many students are silenced by this discomfort, for fear of making
mistakes or using bookish forms.
She argues that these debates may not ultimately be relevant or helpful for most learners, who
instead employ a flexible definition of their kuleana, or responsibility, to ʻōlelo Hawaiʻi. SnyderFrey (2013: 237) says that for learners, “various linguistic forms (at the levels, for example, of
vocabulary, pronunciation, grammar, and expressions) are accepted as valid, as long as one can
identify a source for one’s knowledge”. Most learners, she argues, find meaning and motivation in
language learning regardless of differences between their own speech and that of their peers or
ancestors. She suggests that rather than allowing concerns about authenticity to discourage new
speakers, employing a flexible ideology of kuleana “may help to alleviate some potential conflicts
in revitalization efforts” and motivate learners (Snyder-Frey 2013: 232). In a nod to the potential
positive aspects of being flexible about language norms, NeSmith (2005: 14) concedes that
ultimately, “whether learners acquire NEO, TRAD, or a mixed form of both proves that Hawaiians
maintain their identity as a distinct people.” Along these lines, Wong (1999: 112) also notes: “If
one recognizes authenticity as a construction that is the result of a negotiated present that manages
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to survive until it becomes a traditional past, it should not make much difference what is called
Hawaiian today because tomorrow will determine whether or not it is accepted as such.”

2.5 My positionality, my kuleana, and the speaker sample for this dissertation
I am pursuing this dissertation project as a haole (white, foreign) linguist, and as such I
have a particular pilina (connection, relationship) to Hawaiʻi that obliges me to distinguish
between aspects of Hawaiian knowledge that are and are not my kuleana to research. In this
section, I first outline my own positionality and address some potential pitfalls of doing this type
of research as a haole. I then explain why I have chosen to describe the voices of old native
speakers and outline some ways I have committed to making the knowledge emerging from this
dissertation as respectful to and relevant for the lāhui Hawaiʻi (Hawaiian nation) as possible.
I was born and raised in New York City, where I lived with my family in Jackson Heights,
Queens. This neighborhood is likely the most linguistically diverse immigrant community in the
world, with dozens of endangered languages spoken alongside hundreds of larger ones (Bruinius
2019). While my immediate surroundings were heavily multilingual and certainly piqued my
interest in language diversity, my immediate family only spoke English at home. On my mother’s
side, my grandmother did not pass on her native German after being displaced from Austria as a
refugee in World War II; my grandfather’s ancestors had immigrated to Indiana from Poland in
the nineteenth century, but had not maintained their native Yiddish. My father’s family were
Europeans who settled in Kentucky before the Civil War; my grandparents on his side were civil
rights activists, instilling in their family the ethics of racial justice and allyship after observing
segregation firsthand. For my own part, after graduating high school, I pursued my BA in
Linguistics at McGill University in Montréal, Canada, an experience which gave me a lasting
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appreciation for the value of official and everyday bilingualism. I received my MPhil in
Theoretical and Applied Linguistics at the University of Cambridge, England before pursuing my
PhD in Linguistics here at the University of Hawaiʻi at Mānoa. I therefore come from a firmly
Western background in terms of my personal experiences, including my conceptions of linguistic
and racial justice.
Smith (1999: 1) has described ‘research’ as “probably one of the dirtiest words in the
indigenous world’s vocabulary”. The linguistic research paradigm that I am trained within is, in
many respects, inherently Western in its methodologies of measurement and categorization of
human physical and cultural properties. My very presence here at the University of Hawaiʻi as an
American citizen is predicated on two centuries of colonialism and military occupation – a good
example of how “the pursuit of knowledge is deeply embedded in the multiple layers of imperial
and colonial practices” (Smith 1999: 2). Even with the best of intentions, my positionality in
relation to Hawaiʻi means that the work I am embarking on is colonial in nature, and the very fact
that I am conducting research on ʻōlelo Hawaiʻi is inherently contentious. As NeSmith (2005: 14)
explains, “the state of the Hawaiian language is a matter for Hawaiians to define and debate, since
it is the native language of that ethnic group and the national language of the Kingdom.” Warner
(1999: 80) has been particularly critical of instances in which non-indigenous members of the
Hawaiian revitalization movement, including educators and academics, have controlled research
and teaching agendas in a manner harmful to indigenous control and self-determination, stating
that “…arguments for unrequested help among non-Hawaiians constitute the extension of
colonialism into the domain of language revitalization”.
The debates on authenticity noted in Chapter 2.4 illuminate how the kuleana to create and
contest the norms of authenticity is borne by the lāhui Hawaiʻi – not by me. As a haole linguist, it
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is not my place to actively promote one set of norms over another. However, if it is to be done at
all, linguistic research must begin somewhere: at least initially, certain voices will inevitably be
the first to be analyzed. In undertaking descriptive work, I must therefore be aware of these debates
and, I believe, should focus my efforts on prioritizing varieties that are most positively evaluated
within the community. This consideration is particularly important given the lack of previous
large-scale, multi-speaker acoustic descriptions of any variety of Hawaiian and the potential for
these results to be utilized as a baseline description in future research or pedagogical materials.
I have therefore made the decision to focus in this dissertation on the linguistic features of
a sample of Type-1, old native speakers. On the one hand, the old native speakers comprise the
most rapidly dwindling group of speakers. In contrast to the other groups of Hawaiian speakers,
further documentation of novel data from this group is no longer feasible, while the extensive
archives of these voices have not previously been subject to large-scale acoustic analysis. These
varieties of Hawaiian, interrupted in terms of their intergenerational transmission, may soon be
considered ‘sleeping’ varieties – those no longer in active use, but for which linguists, heritage
speakers, and revitalizers have enough evidence to ‘reawaken’ through concerted efforts in
research, learning, and teaching (Leonard 2008). On the other hand, this also represents a ‘safe’
group in terms of positive community attitudes regarding authenticity: few people object to looking
to these speakers as models of Hawaiian language and culture, and many express a preference for
them. Wong (1999: 98) argues that “authenticity… should be considered a reflection of a changing
context but with a clearly discernible link to the older and thus more traditional variety”. By
describing a sample of ‘traditional’ speakers’ Type-1 Hawaiian, this dissertation will hopefully
open the door not only to future analyses of language change in Hawaiian, but also to improved
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pedagogical resources that facilitate links between today’s speakers and those of the past (see
Chapter 7).
I have also chosen to only discuss the mānaleo in this sample in relation to each other, and
not to make new recordings of present-day speakers of Hawaiian, nor to make any comparisons
across different types of speakers. As illustrated in Chapter 2.4, linguistic insecurity is high among
Type-2s, with even fluent speakers expressing discomfort toward being directly compared to ‘more
authentic’ mānaleo. This topic is certainly of interest to me as a researcher, but provides an
example of a sensitive matter better suited to investigation by or in collaboration with community
members. Above all, I wish to reduce the possibility of negative outcomes from my research, which
could include inadvertently exacerbating existing insecurities regarding language variation and
change.
In the decade that I have been studying linguistics, I have previously carried out research
on diachronic and synchronic variation in the vowels of English. This focus has been greatly
inspired by the ground-breaking work of variationist sociolinguist William Labov. Reflecting on
his research as a white linguist in African American communities, Labov (1982: 173) proposes
two “principle[s] of linguistic debt incurred”, namely:
An investigator who has obtained linguistic data from members of a speech
community has an obligation to make knowledge of that data available to the
community, when it has need of it.
An investigator who has obtained linguistic data from members of a speech
community has an obligation to use the knowledge based on that data for benefit of
the community, when it has need of it.
Luckily, the Kaniʻāina project has already made publicly available the data on which I base this
current dissertation, and community members have long benefitted from the KLH recordings. But
in my role as a linguist studying Hawaiian, I am further obligated to the ʻōlelo Hawaiʻi community
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in this time of active cultural renaissance to use and make available the knowledge within this
dissertation in furtherance of a successful revitalization effort, however that is defined by the
community itself. In truth, the knowledge expressed through this project is not my own, even if I
conducted the measurements and analysis – and inevitably introduced my own biases, mistakes,
and insights in the process. The phonetics and phonology of the Hawaiian language exist only
insofar as they are known and produced by Hawaiian speakers themselves, and they comprise
cultural expressions inalienable from the lāhui Hawaiʻi itself.
I have taken a variety of steps to ensure that I am conducting my analysis with as much
respect and ethical consideration to the lāhui Hawaiʻi as possible. Learning ʻōlelo Hawaiʻi to an
advanced level seems, to me, a prerequisite to writing a dissertation that may hold outsize influence
on future descriptions of the language. I have therefore completed a full four-year course of
Hawaiian language studies (HAW 101–402), achieving a relatively high level of comfort with the
language as spoken and written in an academic setting. My decision to analyze archival recordings
of mānaleo is particularly influenced by my experiences at Kawaihuelani Center for Hawaiian
Language at the UH Mānoa. In Hawaiian classes, where I first encountered the KLH recordings,
my fellow students expressed a keen interest in reclaiming the language of their ancestors, many
of whom were non-Niʻihau old native speakers like those explored in this dissertation. It has been
profoundly moving to observe how meaningful it has been for my classmates to reconnect with
these under-described varieties of Hawaiian. The ʻōlelo Hawaiʻi instructors and professors at UH
have been extraordinarily generous with their insights into and knowledge of Hawaiian language
and culture, no matter how obscure my questions. Importantly, as the speakers I analyze in this
dissertation are all deceased, I have also made sure to obtain consent for conducting this research
on the KLH archives from Dr. Larry Kimura, the creator and guardian of these recordings.
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I also recognize that the ways that I have addressed my kuleana to the Hawaiian community
are themselves privileged. For instance, it is a privilege to have a graduate tuition waiver funding
my full courseload of ʻōlelo Hawaiʻi classes at UH Mānoa while numerous Hawaiians struggle to
pay for a university education in their own homeland. It is also a privilege to receive a PhD in
exchange for completing this dissertation, which directly benefits me more than any member of
the lāhui Hawaiʻi. With these privileges in mind, I plan to enhance the relevance of this research
for speakers and learners of ʻōlelo Hawaiʻi by publishing the results of this dissertation in formats
accessible to a general audience of non-linguists in both English and Hawaiian. In addition, I will
make publicly accessible the phone-aligned data that underpin this study so that future researchers
are able to analyze these voices and investigate the large range of phonetic phenomena that remain
to be explored in Hawaiian. I further detail some possible pedagogical applications of the materials
from this dissertation and identify several directions for future research in Chapter 7.

2.6 Previous phonetic descriptions of Hawaiian vowels
Several previous treatments of the phonetics of Hawaiian have relied on auditory
transcriptions of various types of Hawaiian (Newbrand 1951, Kinney 1956, Elbert & Pukui 1979,
Schütz, Kanada & Cook 2005). As noted in Chapter 2.3.2, NeSmith (2005) has also described
several pronunciation differences between Type-1 and Type-2 varieties based on auditory
impressions. In addition, some acoustic analyses of small- and medium-sized datasets have also
been carried out (Piccolo 2005, Drager, Chun Comstock & Kneubuhl 2017, Parker Jones 2018,
Kettig 2019). This section summarizes this previous literature regarding the pronunciation of
Hawaiian vowels, some which was produced for an audience of (Western, academic) linguists,
and some of which was published to aid non-specialist language learners. In Table 2.2, which
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synthesizes several previous auditory descriptions of Hawaiian vowels, I have attempted to
‘translate’ each source’s observations in a cohesive, comparable way that makes reference to the
International Phonetic Alphabet (IPA).
Table 2.2. Selected vowel features described in previous literature, by source of observation in
Type-1 Hawaiian. Observations in italics are explored further in this dissertation.
Observations: Short vowels
Short vowels at ends of utterances commonly voiceless
Stressed vowels, even short ones, may be slightly longer than unstressed ones
/i/ normally [i], lowered when unstressed and word-final
/e/ normally [e], lowered in the presence of /l/ and /n/
/e/ normally [e], raised when unstressed and word-final
Final and unstressed /i, e/ close in quality; final and unstressed /o, u/ close in
quality
/u/ normally [u], lowered when unstressed
/o/ is [o] and changes little whether accented or unaccented
/o/ normally [o], with unrounded allophone [ɤ] varying freely in some words;
/o/ near /a/ assimilates to [a]
/a/ can be [ɑ] or [ʌ/ə] when stressed
/a/ arises as [ʌ/ə] when followed by /i/, even in the next syllable
/a/ arises as [æ], [ɛ], or [e] before /i/ in fast speech
/a/ arises as [ʌ/ə] when followed by /u/, even in the next syllable
/a/ arises as [a] when followed by /e/ or /o/
/a/ can arise as [ə] in a series of consecutive /a/ vowels
/a/ can arise as [ə] in unstressed syllables
Long vowels
Long vowels change in quantity but are equivalent in quality to their short
counterparts
Utterance-final long vowels are shortened if not preceded by another long
vowel
/ī/ is less long than other long vowels
Threefold repetition of vowel can impart great emphasis
Diphthongs
Diphthongs consist of a vowel followed by a higher vowel
Diphthongs are /ai, ae, au, ao, ei, eu, oi, ou/
/ai/ and /au/ obligatorily start with [ʌ/ə]
Short diphthongs are /ai, ae, au, ao, ei, eu, oi, ou, iu/
Long diphthongs are /āi, āu, āe, āo, ēi, ōu/; some speakers separate the vowels
into two syllables, especially /ēi/ (in kēia)
Diphthongs are not as close-knit as in English
Glide between consecutive vowels quick when they comprise a diphthong
(single syllable), slower when not (separate syllables)
Stress in diphthongs is always on first member
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Sources
Elbert & Pukui
Elbert & Pukui
Elbert & Pukui, Newbrand,
Schütz et al.
Newbrand, Schütz et al.
Newbrand, Schütz et al.
Newbrand, Schütz et al.
Newbrand, Elbert & Pukui,
Schütz et al.
Schütz et al.
Newbrand
Newbrand, Elbert & Pukui
Schütz et al., NeSmith
Elbert & Pukui, NeSmith,
Newbrand
Schütz et al., NeSmith
Schütz et al., NeSmith
Schütz et al.
Newbrand, Schütz et al.
Schütz et al.
Elbert & Pukui
Elbert & Pukui
Elbert & Pukui
Newbrand
Elbert & Pukui
Newbrand, Schütz et al.,
NeSmith
Schütz et al.
Schütz et al.
Elbert & Pukui
Newbrand
Newbrand, Elbert & Pukui,
Schütz et al.

Table 2.2. (continued)
Coarticulation, glottalization
Particles /ka/ and /ai/ near /i/ may assimilate to [ke] and [ei]
Like vowels separated by an ʻokina may freely coalesce; glottal stop may be
moved leftward or dropped, with or without subsequent lengthening of the
vowel
A glottal stop shortens a preceding vowel
Like vowels at morpheme junctures freely coalesce

Newbrand, Kinney
Newbrand, Kinney

Elbert & Pukui
Newbrand, NeSmith

The most comprehensive extant work on the sound patterns of Hawaiian is Newbrand’s
(1951), MA thesis describing the speech of nine L1 speakers ranging in age from 17 to 86 from
the islands of Hawaiʻi, Maui, Kauaʻi, and Niʻihau; the birth years of these speakers thus range
from the 1860s to the 1930s, making them firmly Type-1, old native or Niʻihau speakers.
Newbrand’s data analysis involved manual phonetic transcription of speech; in addition to her
overall description, she provides full IPA transcriptions of the data she collected as well as notes
about each speaker’s idiolect. Each speaker read out a prepared text, so the speech under
investigation represents a relatively careful, formal style. In addition to the observations noted in
Table 2, Newbrand (1951: 16) also makes a brief proposal that vowel clusters within a single
syllable, such as in ‘ae [ʔae] or painu [pʌi.nu], “are close knit sequences of two vowels which act
as a single nuclear phoneme in distribution,” though she avoids the term ‘diphthong’ “because of
confusion in various current usages of the term.” (See Chapter 2.7.2 for more discussion on the
phonemic status of diphthongs in Hawaiian).
Kinney (1956) observes that the standard orthography of Hawaiian is not fully transparent:
there are several assimilations or reductions that take place, especially among high-frequency
words. Her description is based on tape recordings of Type-1 speakers from Kohala, Hawaiʻi
Island (with “inadequate” English), speaking Hawaiian colloquially in 1955 (Kinney 1956: 283).
In her analysis of several hundred aurally categorized tokens, she observes that, for instance, laila
(‘there’) is nearly categorically pronounced [ˈlei.la], and loaʻa (‘get’) becomes [ˈlo.ʔa], while other
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words show varying degrees of reduction and coarticulation. Kinney (1956: 282) argues that “those
who insist upon standardizing the language may not realize the danger of rendering any Polynesian
dialect, or any language for that matter, nearly incapable of flexibility,” and in order to preserve
knowledge of sociolinguistic variation, she urges “closer, perceptive study of the Hawaiian
language while the old speakers are still with us”.
Elbert and Pukui (1979: xiii) provide a general outline of the sound system of Hawaiian,
based on “the Hawaiian language as found in texts, in ordinary conversation, and in Kawena
Pukui’s memories”. This treatment therefore represents a composite view of Type-1 Hawaiian
varieties; these authors’ works, including Pukui and Elbert’s (1986) dictionary, are widely
considered among the foundational standard reference texts in the language. In addition to their
description of vowels summarized in Table 1, Elbert and Pukui (1979) also provide an overview
of stress in Hawaiian and mention several differences between ‘standard’ and Niʻihau Hawaiian
pronunciation norms.
In a similar overview of Hawaiian grammar, Schütz, Kanada, and Cook (2005) also provide
several notable descriptions of vowels in their work intended for a general audience of Hawaiian
learners. These authors do not identify the type of Hawaiian whose pronunciation they describe,
but for the purposes of this dissertation it is assumed that their observations may be reflective of
Type-1 varieties, as they “rely heavily on the Pukui-Elbert Hawaiian Dictionary (1986) and the
Elbert-Pukui Hawaiian Grammar (1979)” in other regards (Schütz et al. 2005). In addition to their
brief account of vowel and consonant pronunciation, they also provide a guide to the stress (what
they call ‘accent’) system of Hawaiian.
As discussed in Chapter 2.3.2, NeSmith (2005) outlines differences between Type-1
Niʻihau Hawaiian and general L2 Type-2 Hawaiian. In addition to highlighting some syntactic,
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semantic, and orthographic differences, he observes some phonetic differences, several of which
involve vowel pronunciation (see Table 2.1). He notes that certain vowel distinctions maintained
in Type-1 Hawaiian, such as the /oi/~/oe/, /ai/~/ae/, /ē/~/ei/, and /ō/~/ou/ distinctions, are often not
maintained by Type-2s (cf. Schütz et al. 2005, who also note that these are important to distinguish
in Hawaiian but difficult for speakers who have English as an L1). NeSmith (2005) also notes
several features of /a/ pronunciation in Type-1 Hawaiian. He begins by describing /a/ as “raised
before /i/ and /u/, but not in other positions”, and proceeds to give two examples. The first is
maikaʻi (‘good’) being pronounced as meikeʻi, a lexeme also singled out by Kinney (1956) for its
unique pronunciation. His second example is that /a/ in makemake sounds like the English word
up, or approximately [ʌ].
The preceding treatments of Hawaiian do not make reference to instrumental
measurements of acoustic features such as vowel formants. A small number of phonetic studies
have investigated the sounds of Hawaiian with reference to such quantitative measurements.
Parker Jones (2018) presents an overview of Hawaiian phonetics based on the voice of
Hulilau Wilson, a speaker from Hilo, Hawaiʻi Island who acquired Hawaiian through childhood
immersion among mostly Type-2 L2 speakers. This description therefore notably represents the
speech of a new native speaker, or what NeSmith (2019) calls a Type-2.5 speaker. The speech
sample analyzed was a short (1-2 minute) reading passage, eliciting careful pronunciation. Parker
Jones describes the vowel system as containing five short (/a, e, i, o, u/) and five long vowels (/ā,
ē, ī, ō, ū/), with each short/long pair exhibiting similar quality; however, he finds that /ā/ is
differentiated from /a/ in F1 even when unstressed instances of /a/ are excluded, “demonstrating
that so-called long and short vowels are not simply contrasted by quantity of duration, but also in
phonetic quality” (Parker Jones 2018: 6). He finds that all short vowel pairs contrast with each
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other in F2 (tongue backness) except for /o/~/u/, which are only differentiated by F1 (tongue
height). He does not find the vowel pairs /i/~/u/, /e/~/o/, and /i/~/e/ to be differentiated in F1. He
finds no significant difference in F1 between stressed and unstressed /a/, but finds that /a/ surfaces
with higher tongue height (lower F1 values) in function words compared to content words.
In a pilot of some of the methods to be used for this dissertation, I investigated the
pronunciation of /a/ in primary stressed /aV/ and /aCV/ contexts Kettig (2019). I analyzed a sample
of 42 continuous minutes of Larry Kimura’s speech within six early KLH episodes, thus reflecting
speech of a highly proficient L2 of the pioneer generation in conversation with Type-1 old native
speakers. This single-speaker analysis of 1,550 measurements of /a/ finds robust coarticulation to
the following vowel in both F1 and F2. The F1 of /a/ is found to be predicted by the height of the
following vowel, while F2 is predicted by both the height and backness of the following vowel.
No overall significant difference is found between coarticulation based on whether or not a
consonant intervenes between /a/ and its following vowel.
Little research into variation between individuals’ pronunciations has been conducted on
Hawaiian. A thorough analysis of the dialectal variation found in Newbrand’s (1951) speaker
descriptions and transcribed data could very well uncover socially structured variation; however,
this was not Newbrand’s focus. More recently, Piccolo (2007) and Drager et al. (2017) have
undertaken sociophonetic investigations of Hawaiian speech.
Piccolo (2007) describes the vowel system of two female speakers, one L1 Type-1 speaker
from Niʻihau and one L2 Type-2 speaker from Hawaiʻi Island. She carries out formant analysis
using recordings of four repetitions of nineteen words. She finds that for the Niʻihau speaker, /a/
is notably fronted in /ai/ clusters compared to /ae/ clusters, while the L2 Hawaiʻi Island speaker
does not show robust differentiation between the /a/ of /ai/ and of /ae/. Both speakers exhibit a
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large amount of overlap in the starting point of /ao/ and /au/, and both exhibit notable fronting in
the /a/ of /ai/ and /ae/ compared with /au/ and /ao/.
Drager et al. (2017) compare the realization of the word kēia (‘that’) across eight Type-1
old native speakers recorded in 1970. Their acoustic analysis finds that the likelihood of kēia
containing a constricted glottis decreases if the following word starts with an oral stop or if the
speaker is male. They also find that reduction rates increase as sequences of kēia+word are
repeated over the course of an interaction.
Each of the descriptions of Hawaiian phonetics summarized in this section have their
advantages and limitations: for instance, Parker Jones (2018) outlines many aspects of the sound
system as a whole, but relies on a small dataset collected from just one speaker; Drager et al. (2017)
reach into archives to analyze variation among eight speakers’ conversational Hawaiian, but focus
their analysis on a single, high-frequency word; older sources provide valuable guidance as to
patterns their authors observe, but do not make reference to acoustic measurements or even, in
some cases, identify whose speech they describe. In order to build upon these previous phonetic
descriptions, this dissertation seeks to explore their observations and hypotheses by utilizing a
multi-speaker corpus composed of thousands of data points, enabling us to gain a clearer picture
of many details of vowel quality in non-Niʻihau Type-1 varieties of Hawaiian.

2.7 Previous phonological analyses of Hawaiian vowels
The phonetic descriptions presented in Chapters 4–6 of this dissertation rely on several
theoretical assumptions about what comprises a vowel in Hawaiian. Though phonological debates
about the number of underlying vowel phonemes in Hawaiian as well as other questions regarding
the overall metrical structure of the language are outside the scope of the current acoustic analysis,
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it is necessary to first scrutinize certain baseline assumptions, especially regarding syllabification,
stress assignment, and the status of diphthongs. This dissertation follows Schütz’s (1981, 2010)
analysis of Hawaiian phonology, as well as the analysis of diphthongs laid out by Rehg (2007). In
this section, I explore these previous phonological analyses in order to clarify the assumptions
underlying the acoustic analysis presented in the following chapters.

2.7.1 Schütz (1981, 2010): Syllabification and stress in Hawaiian
Schütz (1981, 2010) presents a far-ranging exploration of Hawaiian phonology, laying out
a detailed description of the hierarchy of syllable structure and stress assignment (what he calls
‘accent’). He aims to dispel previous notions of Hawaiian as phonologically ‘simple’, arguing that
though the language contains a relatively small number of vowel units,2 the ways in which these
units combine create a large number of possible syllables and ‘measures’.3
Schütz’s most basic underlying assumption is that Hawaiian contains five short and five
long vowel units: /a, e, i, o, u, ā, ē, ī, ō, ū/. Following on from the identification of these units,
Schütz (1981: 19) then identifies the four types of possible syllables in Hawaiian as CV, CV̄ , CVv,
and CV̄ v. In this notation, ‘C’ represents a consonant, ‘V’ represents a short vowel unit comprising
the ‘peak’ of a syllable (either a monophthong or the first member of a diphthong), ‘V̄ ’ represents
a long vowel unit comprising the ‘peak’ of a syllable (either a monophthong or the first member
of a diphthong), and ‘v’ represents a short vowel unit comprising the second half of a diphthong.
Schütz (2010) slightly adjusts his notation system, instead denoting Vv as D (‘short diphthong’)
and V̄ v as D̄ (‘long diphthong’), but describes the same four basic syllable types (CV, CV̄ , CD,

2

Schütz calls these vowel units ‘phonological syllables’, which are approximately equivalent to a mora, or a
measure of phonological weight.
3
These measures are approximately equivalent to metrical feet in Hayes’ (1995) Metrical Stress Theory.
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CD̄ ). In both of his descriptions, he notes that in these syllable types, the presence of a consonant
is always optional.
He notes that all ten of the basic long and short vowels (V or V̄ ) can serve as the peaks of
stressed syllables. To Schütz (1981: 14), an “essential characteristic of a diphthong” is that “no
matter what its position in the ‘word,’ the first element of the combination serves as a peak”. In
this regard, disyllabic kaona (‘hidden meaning’) /ˈkao.na/ contains a diphthong, while trisyllabic
koana (“spacing”) /ko.ˈa.na/ does not, even though they contain the same number of vowel units.
Schütz (1981: 23) also describes /a, e, i, o, u/ as “vowels serving as the peaks of unaccented
syllables” and /i, e, o, u/ as “vowels serving as the offglides of accented syllables”. He identifies
nine Vv (short diphthongs) /iu, ei, eu, ai, ae, ao, au, oi, ou/ and six V̄ v (long diphthongs) /āi, āu,
āe, āo, ēi, ōu/. Schütz (2010: 3-4) notes, though: “Long diphthongs are fewer and less frequent in
occurrence. The only certain ones are āi and āu but āe, ēi, ōu, āo, and ōi are also possibilities.”
In Schütz’s analysis, these syllable shapes combine in fourteen possible ways to create
measures of 2–3 syllables, each with a single location of stress (Table 2.3; note that the original
notation from Schütz (1981) is used for clarity). Schütz argues that the measure, not the syllable,
is the appropriate unit for establishing phonological contrasts in Hawaiian. All single-syllable
content words in Hawaiian minimally contain a diphthong or long vowel and can stand alone as a
measure. Function words with only a single short vowel, such as ke (‘the’) and ʻo (subject marker),
cannot stand alone as measures but may be incorporated into the left edge of measures alongside
a content word.
In the case of content words comprising a single measure and thus containing a single
stressed syllable, the assignment of stress is predictable from the word shape alone. Stress falls on
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the final syllable if the final syllable contains a diphthong or a long vowel; otherwise, stress falls
on the penultimate syllable. All other syllables in the measure contain unstressed vowels.
Table 2.3. Syllable shapes and ‘measures’ within which lexical stress is assigned in Hawaiian,
based on Schütz (1981, 2010). Bold indicates stressed syllables. Second examples listed by
measure show consonant optionality in Hawaiian phonotactics.
# of syllables
1

2

3

Shape
(C)V̄
(C)Vv
(C)V̄ v
(C)V(C)V
(C)V̄ (C)V
(C)Vv(C)V
(C)V̄ v(C)V
(C)V(C)V̄
(C)V(C)Vv
(C)V(C)V̄ v
(C)V(C)V(C)V
(C)V(C)V̄ (C)V
(C)V(C)Vv(C)V
(C)V(C)V̄ v(C)V

Example
kī, ō
kai, ao
kāu, āu
maka, ua
kāne
mauna, aia
ʻāina
huhū, uē
pilau, uai
ʻo kāu
kanaka, uea
ke kāne
kalaina
ka ʻāina

Gloss
‘ti’, ‘endure’
‘sea’, ‘day’
‘yours’, ‘your’
‘eye’, ‘rain’
‘man’
‘mountain’, ‘here’
‘land’
‘angry’, ‘cry’
‘stink’, ‘move’
‘it is yours’
‘person’, ‘wire’
‘the man’
‘carving’
‘the land’

Longer words may be made up of multiple measures. For instance, makemake (“want”) is
made up of two measures: <ma.ke><ma.ke>. In these cases, it is necessary to distinguish between
the primary lexical stress and the syllable(s) with secondary stress. Primary stress falls on the
stressed syllable in the final measure, while secondary stress falls on all other stressed syllables:
/ˌma.ke.ˈma.ke/.
While many aspects of Hawaiian lexical stress are fully predictable by a word’s
orthography alone, some are not. Regardless of the length of a word, all diphthongs and long
vowels that occur word-finally will by definition have primary stress, while all diphthongs and
long vowels that occur elsewhere in a word will have secondary stress. The stress assignment of
short vowels is also predictable to a certain extent: word-final short vowels are always unstressed;
any short vowel whose syllable directly precedes or follows a syllable with a diphthong or long
vowel is unstressed; and a short vowel is stressed if its syllable directly precedes an unstressed
syllable within the same word. However, in words of greater than four syllables, it becomes
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difficult to predict stress without a knowledge of the morphemes that comprise such words. For
instance, the five-syllable words ʻelemakule (‘old man’) [ˌʔe.le.ma.ˈku.le] and makuahine
(‘mother’) [ma.ˌku.a.ˈhi.ne] contain different secondary stresses because they their measures are
defined as <ʻe.le><ma.ku.le> and <ma.ku.a><hi.ne>. Only with knowledge of the morphemes
ʻele- (‘old’), makule (‘elderly’), makua (‘parent’), and -hine (‘female’) can a speaker accurately
group the syllables into measures and thus assign stress. Furthermore, Hawaiian naming
conventions in particular may orthographically unite an entire noun phrase with multiple
consecutive function words, thereby disrupting the accurate prediction of measure and stress
assignment unless the word is parsed into its constituent morphemes. For instance,
Hiʻiakaikapoliopele (lit. ‘embryo carried in the bosom of Pele’) may appear orthographically to
contain an /ai/ diphthong; however, because the word i (‘in’) is a function word that does not share
a measure with the content morpheme aka (‘embryo’), it is pronounced as an unstressed
monophthong rather than syllabifying as a diphthong.4 Further information on the
morphophonology of Hawaiian can be found in Parker Jones (2010).
Schütz (1981) suggests three main areas that await further study: the interaction between
accent and sentence-level pitch prosody; the acoustic phonetic properties of long and short
diphthongs; and historical accounts and early transcriptions that might provide more insight into
the phonology of Hawaiian before the adoption of literacy and standardization. This dissertation
delves into the second of these proposed areas of research.

4

Some names, such as Kainoa [ˌkai.ˈno.a], may in fact undergo measure-merging processes that result in a
diphthong. Further research is necessary to determine to what extent speakers distinguish such names from other
‘identical’ noun phrases, such as ka inoa (‘the name’).
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2.7.2 Rehg (2007): A closer look at diphthong representation
Rehg (2007) explores whether diphthongs are unitary phonemes – that is, discrete
underlying vowel categories – in Hawaiian. He argues that the diphthongs, as described by Schütz
(1981), are actually clusters of simpler units, perhaps better described as monosyllabic or
tautosyllabic sequences of vowels. In investigating this question, Rehg lays out several possible
autosegmental-metrical representational models of vowels in Hawaiian, which assume that
syllable structure is not present in underlying representations but that moras can be linked in
various ways to underlying features. Rehg (2007: 120) immediately rules out notating the
underlying forms of these sequences as /VG/ (“an underlying sequence of a vowel followed by a
glide” and /V/ (“a vowel subject to one or more rules of diphthongization”), but focuses closely
on whether /Vv/ (“an underlying unit phoneme that involves gliding articulation from the position
of one vowel to that of another”) or /VV/ (“an underlying sequence of two non-identical vowels,
in which the second vowel is less sonorous than the first”) best represents the Hawaiian situation.
Rehg argues that monosyllabic vowel clusters are best represented as /VV/ – two
underlyingly separate vowel phonemes – for five principal reasons. One reason is that native
speakers historically seemed to analyze the two vowels separately; he echoes Schütz’s (1981)
quotation of Andrews’ (1838: 394) observation that monolingual Hawaiians perceived such
sequences as separate vowels, at least until English speakers convinced them otherwise:
Until lately, the most intelligent Hawaiians would never admit that two vowels ever
coalesced so far as to make but one sound; and in a Hawaiian’s ear, both vowels in a
diphthong are distinctly and separately heard. But since some of the scholars in the
Seminary have gotten more perfectly the idea of what is intended by the term diphthong,
they are not only ready to admit that there are diphthongs in their language, but that there
are a great many of them.
Rehg’s second reason is that the distribution of surface diphthongs in Hawaiian is highly rulegoverned; one can generate all of the possible monosyllabic sequences of vowels from the basic
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ten vowel units by making reference to falling (or at least non-rising) sonority, rather than there
being a highly skewed distribution of possible diphthongs, as in English. A third reason is that
Hawaiian surface diphthongs derive from the historical loss of the consonants between them,
unlike the diachronic development of true underlying diphthongs from monophthongs in languages
such as English. For example, while Modern English mice /mais/ and mouse /maus/ derive from
Middle English /miːs/ and /muːs/ via vowel shifting, Hawaiian kai (sea) and kau (period of time)
derive from Proto-Malayo-Polynesian *tasik and *taqun via the loss of */s/, */q/, and coda
consonants, and the shift of */t/ > /k/. A fourth line of reasoning comes from reduplication patterns
in Hawaiian. CV1V2 words are often reduplicated as CV1CV1V2 rather than (or in addition to)
CV1V2CV1V2, which would be only the expected output if V1 and V2 comprised a single
underlying phonological unit. For instance, noi (“request”) reduplicates as nonoi (“request”) or
noinoi (“request”). His final reason that the /VV/ cluster analysis is better than proposing a set of
unitary /Vv/ diphthongs is that if both analyses are equally descriptively adequate, it is preferable
on the grounds of simplicity to assume a smaller underlying phoneme inventory (ten vowels rather
than twenty-five), which then in the syllabification process regularly generates surface diphthongs
from falling-sonority clusters.
Like Schütz (1981), Rehg (2007) concludes that the nuclei of Hawaiian syllables can be
highly complex and the vowels that surface as diphthongs are underlyingly sequences of
phonemically separate vowels. The difference between the two treatments is that Rehg more
assiduously avoids references to offglides, preferring to denote monosyllabic sequences of vowels
as VV and V̄ V, emphasizing that the underlying phonemic units of the two vowels are structurally
separate and to some extent equal in status. On the other hand, Schütz (1981) aims to describe the
entire syllabic, metrical, and stress assignment system of Hawaiian. Given this focus, his notation
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of Vv and V̄ v emphasizes how the stress and sonority peak of the syllable is the first constituent
of the monosyllabic cluster.
Understanding how these authors have previously described vowel representation is
essential for establishing certain baseline assumptions underpinning the rest of this dissertation.
For instance, I follow Schütz’s account of stress assignment, and Chapter 4 will take as a given
that the ten monophthongs of Hawaiian are /a, e, i, o, u, ā, ē, ī, ō, ū/, corresponding with few
exceptions to standard, modern Hawaiian orthography. In addition, the acoustic descriptions of
diphthongs in Chapter 5 will follow Schütz’s list of fifteen clusters that are syllabified within a
single syllable rather than across two syllables. Though further phonological arguments are outside
the scope of this dissertation, I pay particular attention to vowel-on-vowel effects in Chapter 5 due
to Rehg’s (2007) assertion that diphthongs are comprised of two separate underlying vowel units,
combined with Schütz’s view that the measure – not the syllable – is the locus of phonological
contrasts in Hawaiian. In this view, certain phonetic behaviors, like the coarticulation that occurs
when a speaker ‘anticipates’ a later vowel sound, should be evident both when they involve vowel
units inside a single syllable and when those same vowel units are separated into two syllables.

2.8 Summary
This chapter has investigated important background information regarding the history of
Hawaiian, the types of Hawaiian spoken in the twentieth century and today, and attitudes regarding
the authenticity and legitimacy of different varieties. In light of this background, I have presented
my own positionality vis à vis the lāhui Hawaiʻi and the ongoing revitalization of ʻōlelo Hawaiʻi,
and I outline several reasons that I focus in this dissertation on describing the voices of ‘old native
speakers’ (Brenzinger & Heinrich 2013) who speak ‘Type-1’ varieties (NeSmith 2019). This
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chapter has also explained the phonological assumptions that underlie the descriptions in the
following chapters, such as how many vowel phonemes exist in Hawaiian and how stress and
syllabification are assigned.
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Chapter 3: Methodology
3.1 The dataset: Ka Leo Hawaiʻi
Ka Leo Hawaiʻi (KLH) was a weekly radio show in Hawaiian hosted and produced by
Larry Kimura from 1972 to 1988. KLH was primarily dedicated to broadcasting the speech of
native speakers from across the islands as well as highly proficient L2 learners. About 320
Hawaiian-speaking guests visited the show over its 417 episodes, which total over 525 hours
recorded on reel-to-reel tapes. These tapes were digitized in 1995, forming the KLH archives, an
invaluable resource to the Hawaiian speaking community (Kimura 2015). Students and researchers
attend closely to these tapes for their cultural content as well as their trove of native speaker
language models.
As explained in Chapter 2.3–2.5, this dissertation describes the speech of mānaleo, and as
such concentrates on eight kūpuna who visited the KCCN radio station studios between 1972 and
1974 to broadcast and record KLH. Several voices are represented in these recordings, including
the interviewer (Larry Kimura), in-studio native-speaker kūpuna interviewees, in-studio
Hawaiian-language students, and callers phoning in. For this project, full analysis was only
conducted on a single native speaker per episode, over eight episodes.
The speech of kūpuna in these recordings may represent a fairly careful style due to the
nature of the recording situation on live radio. Telephone conversations in the episodes may have
created the opportunity for less self-monitored speech to be recorded, but these are out of the scope
of this dissertation due to difficulties in the accurate extraction of acoustic features from the low
fidelity audio intrinsic to telephone recordings.
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3.1.1 Speaker sample
The speaker sample investigated here is balanced for gender and island of origin in order
to include a male and a female speaker from each of the four largest islands of Hawaiʻi (Table 3.1).
In addition to these considerations, several other criteria and constraints shaped the sample. One
important consideration was the audio quality of the tape featuring each kupuna, as the KLH sound
files vary in terms of recording quality. Because a low-quality audio file may impact the accuracy
of acoustic measurements, episodes were initially screened so that the highest-quality recordings
could be analyzed and those with extensive background noise, faint speech signal, and other issues
set aside.
Table 3.1. Sample of speakers analyzed, including information on gender, island of origin, and
KLH tape number.
Name
Rachel Mahuiki
Alfred Apaka Sr.
Ida Kapuʻihilani Feary-Milton
Nāone
Henry Hanalē Machado
Lilian Victor
David Kaʻalakea
Sadie Kaluhiʻōpiopio Beebe

Gender
female
male
female

Birthplace
Wainiha, Kauaʻi
Hanalei, Kauaʻi
Moanalua, Oʻahu

Episode
KLH #014
KLH #057
KLH #013

Recording date
Nov. 9, 1972
March 3, 1974
Nov. 1, 1972

male
female
male
female

Kapālama, Oʻahu
Lāhaina, Maui
Kīpahulu, Maui
Kahaluʻu, Hawaiʻi

KLH #021
KLH #032
KLH #063
KLH #033

Feb. 6, 1973
April 24, 1973
April 21, 1974
May 1, 1973

Joseph Makaʻai

male

Puʻuanahulu, Hawaiʻi

KLH #016

Nov. 21, 1972

Another consideration was whether or not the Kaniʻāina archiving project had previously
processed transcriptions to accompany the recordings. The Kaniʻāina archive currently hosts
detailed transcripts of the first 40 episodes, dating from 1972 to 1973. Of these 40, 21 episodes
have been aligned at the utterance level by the Kaniʻāina project, a tremendously helpful initial
processing step (see Chapter 3.2.1). Priority was therefore given to analyzing speech for which
transcriptions, and ideally initial alignments, were available at the outset of this dissertation.
Within this dissertation’s sample, transcriptions and alignments were already available for the
interviews of Ida Kapuʻihilani Feary-Milton Nāone (from Oʻahu; KLH013), Henry Hanalē
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Machado (from Oʻahu; KLH021), and Sadie Kaluhiʻōpiopio Beebe (from Hawaiʻi; KLH033).
Three other episodes had been transcribed but not yet ELAN-aligned: Rachel Mahuiki (from
Kauaʻi; KLH014), Joseph Makaʻai (from Hawaiʻi; KLH016), and Lilian Victor (from Maui;
KLH032). After reviewing other KLH recordings,5 the interviews with David Kaʻalakea (from
Maui; KLH063) and Alfred Apaka Sr. (from Kauaʻi; KLH057) were found to be of high recording
quality and were therefore selected to fill the sample gaps.
One aspect that was not taken into consideration in deciding on this initial sample is the
possibility that these speakers may not be prototypical examples of the dialects of Hawaiian where
they were born. The brief biographies of each speaker presented in Chapter 6 illustrate several
instances in which speakers may have acquired Hawaiian after another language in childhood, may
have moved between islands or to the United States for significant portions of their life, or may
identify with familial lines from islands other than the one on which they were born. The results
presented in this dissertation may therefore not be generalizable to community-wide patterns, and
future research into more speakers is certainly warranted.

3.1.2 Digital formatting
When the KLH files were originally digitized by the Kaniʻāina project in the 1990s, storage
space was limited and the .mp3 format was selected for archiving (Larry Kimura, p.c.). While .mp3
is a lossy format, it has also been shown that .mp3 compression does not significantly affect
measurements of vowel formants compared to less lossy encoding formats such as .wav (De
Decker & Nycz 2011). The .mp3 files in the archive can thus be converted to .wav, allowing them
to be used with programs like ELAN (described in Chapter 3.2) and Praat (described in Chapter

5

Mahalo iā Kāhealani Kim for sharing her spreadsheet of KLH recordings sorted by island of interviewee.
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3.3). This conversion from a lossy to a lossless format does not pose a technical issue in terms of
reducing sound quality or measurement accuracy. Sound files, as well as their accompanied ELAN
annotation files if present, were obtained via the Kaniʻāina ScholarSpace repository (Kimura
1972a, b, c; 1973a, b, c; 1974a, b); these files had already been previously converted to .wav
format. Files that were not present in the ScholarSpace repository were obtained in .mp3 format
from ulukau.org, the website hosting the KLH archives online. These files were then converted to
.wav format (mono, 44.1 kHz sampling rate, 16 bits per sample) in QuickTime Pro.

3.2 Transcription and utterance-level alignment in ELAN
ELAN (2020) is a tool for creating time-aligned transcripts – that is, matching text, also
known as annotations, with sections of an audio or video recording. Various viewing modes are
available on ELAN, including annotation mode and transcription mode. In annotation mode
(Figure 3.1), transcriptions appear within ‘tiers’, which in this project represent different speakers
and are used for keeping track of comments and portions to exclude from analysis. Within each
tier, text is associated with boundaries indicating the points in the sound file where the transcribed
speech (or a comment associated with a portion of sound) begins and ends. In transcription mode
(Figure 3.2), annotations appear line by line from top to bottom in chronological order and are
labeled by speaker. This mode is more convenient for transcribing.
A key step in the present analysis was obtaining transcriptions that closely matched the
audio of each KLH episode. A perfectly ‘correct’ transcription is never possible, as ambiguities
exist in all human speech, and even fluent listeners may disagree on the interpretation of the same
sounds. However, when the Kanʻāina project undertook transcription of the first 40 earliest KLH
episodes, a rigorous system was instituted in which at least three individuals fluent in Hawaiian
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would create and edit transcriptions before they were finalized (Larry Kimura, p.c.). This workflow
enabled the transcribers to check each other’s work, notably drawing on multiple listeners’
perspectives to make the most sense out of potential ambiguities.

Figure 3.1. ELAN annotation mode showing volume and speed controls (top), a waveform
representing the sound (middle), and tiers of annotations (bottom).
As mentioned in Chapter 3.1.1, three episodes chosen for the analysis in this dissertation
were previously transcribed by the Kaniʻāina project and had their transcriptions available aligned
at the utterance level in ELAN. Three other episodes had complete transcriptions available only in
plain text format. None of Kaniʻāina’s previously transcribed episodes contained extensive
interviews with male mānaleo from Maui or Kauaʻi, so the interviews of David Kaʻalakea and
Alfred Apaka Sr. (KLH063, KLH057) needed to be transcribed in order to fill these sample gaps.
Original transcription of these two interviews was carried out by Kama Kaʻaikaula and myself in
an iterative manner using ELAN (see Chapter 3.2.3).
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Figure 3.1 shows an example of a complete ELAN transcription as completed by the
Kaniʻāina project in annotation mode. Each speaker appears on their own tier, and intervals on
each tier are marked with speech produced within that period of time. The x-axis corresponds to
time, going from left to right. This axis can be zoomed in and out such that the text annotations
and their corresponding sounds take up more or less of the width of the screen. Note how in Figure
3.1, as speakers overlap their speech, the annotated intervals also overlap.

Figure 3.2. ELAN transcription mode.
Figure 3.2 shows the same file in transcription mode. The speaker labels (here, IN and LK,
or Ida Nāone and Larry Kimura) match the tiers in annotation mode, and the text in each of the
associated lines corresponds to the text within intervals in annotation mode.

77

3.2.1 Adjusting previously created ELAN files
In the case of recordings which Kaniʻāina had made available alongside their ELAN
alignments (KLH013, KLH021, KLH033), it was necessary to make several adjustments to the
ELAN files. Some of these adjustments were carried out to exclude certain portions of the sound
files from further analysis. Other adjustments were made in order to facilitate the following step
in data processing, forced alignment (described in Chapter 3.5). I carried out these steps with the
help of my research assistant, Kama Kaʻaikaula.
First, as demonstrated by the many tiers shown in Figure 3.1, several speakers appear on
each KLH recording. For the present analysis, all tiers were eliminated except for portions of
speech by the interviewer (Larry Kimura) and the kupuna interviewee; all other speakers were
excluded from the ELAN file and hence from further analysis. Speech produced by Larry Kimura
was included in all steps up to and including forced alignment (Chapter 3.5) but was not analyzed
in this dissertation.
Second, several major portions of each KLH recording were excluded. Portions of the show
carried out over the telephone were excluded due to low recording quality. Likewise, songs were
excluded because songs are typically accompanied by other voices or ʻukulele, singing can affect
formant quality, and there are indications that Hawaiian mele and oli represent a domain with a
distinct phonology from everyday spoken language (Donaghy 2011).
Third, smaller portions in which more than one speaker overlapped or where there was
notable background noise, coughs, or other interference were also excluded due to the potential
for disrupting measurements.
Fourth, disfluencies and non-verbal speech sounds – eventually destined for exclusion from
the final analysis – were dealt with at this stage in two possible ways. Such disfluencies had been
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noted by Kaniʻāina transcribers using placeholder text. When possible, the beginning and end
points of transcription intervals were set to exclude portions of the tape that contained disfluencies,
and they were removed from the transcription. However, when disfluencies occurred in the middle
of the speech stream and exclusion was not as easy, they were re-transcribed as closely as possible
to how they might be spelled using standard Hawaiian orthography (for instance, m to represent a
disfluency sounding like [m] rather than the Kaniʻāina placeholder text {mū}, which does not
directly reflect the pronunciation that appears on the tape). Comments were added to a notes tier
to keep track of such disfluencies and eventually exclude them.
Fifth, some limited instances of translanguaging/code-switching into English were also
observed. Such portions, usually single words or small phrases, were excluded from analysis. Just
as in the case of disfluencies, when it was not possible to set start and end boundaries such that
non-Hawaiian words were outside of labeled intervals, such words were re-transcribed using an
orthography slightly closer to that of Hawaiian and noted for later exclusion. For instance, a
glottalized form of the English word but used as a filler word inside of an otherwise Hawaiian
utterance and might be transcribed as paʻ and marked on the comments tier for later exclusion.
This re-transcription of an extremely small number of words was undertaken to maintain overall
consistency in the mapping between the Hawaiian-orthography label for each phone and its sound,
an important consideration in training a forced aligner, even though all of these words were
eventually excluded from analysis.
Finally, long portions of uninterrupted speech were chopped up to be no more than 10
seconds long, another step to facilitate forced alignment.
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3.2.2 Creating new ELAN files when a transcription was available
For recordings that had a Kaniʻāina transcription available (KLH014, KLH016, KLH032)
but which were not yet ELAN-aligned, my assistant Kama copied transcriptions into an ELAN file
at the appropriate times. The same exclusion and re-transcription guidelines were followed as for
recordings that had been previously ELAN-aligned, described above.

3.2.3 Creating new original transcriptions in ELAN
For KLH063 and KLH057, original transcriptions had to be produced. Recordings for
which Kama and I created new transcriptions also followed the same guidelines as above, in that
we did not transcribe portions with speaker overlap, songs, telephone conversations, or speakers
other than the interviewer (Larry Kimura) and main kupuna interviewee.
Using ELAN, I first segmented the recordings in annotation mode, creating empty intervals
that could then be more efficiently transcribed in transcription mode. Kama would do a first round
of transcription, I would do a second round of additions and edits, and finally Kama would do a
third round of edits in response to my feedback. Kama and I are both advanced L2 learners of
Hawaiian, but were not always confident that we were accurately comprehending utterances.
Portions where we could not agree on a transcription were noted on the notes tier, and at the later
stage when I manually re-aligned sound boundaries (Chapter 3.6), I paid particular attention to
these portions to see if corrections could be made. Portions were completely excluded from the
analysis if there was any question as to their correct transcription. Future work on these
transcriptions may benefit from having a third transcriber verify all utterances, as was done for the
ones completed by Kaniʻāina. For now, the two transcripts that Kama and I produced have sufficed
for an initial investigation.
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3.3 Praat TextGrids
After the ELAN files were prepared, they were exported as Praat TextGrids. Praat
(Boersma & Weenink 2021) is an application used by phoneticians to visualize and measure a
digitized sound signal. Sounds can be paired with TextGrids that can track labels within intervals6
in an interface similar to the ELAN annotation mode shown above in Figure 3.1.

Figure 3.3. Praat interface with waveform (top), spectrogram (middle), and transcription tiers
(bottom). Formants are tracked via LPC (red dots in spectrogram). TextGrid outputs of tiered
utterance-level transcriptions are fed into Fast Track for forced alignment.
Figure 3.3 shows a portion of a sound file opened in Praat along with a corresponding
TextGrid. Time runs from left to right and it is possible to zoom in and out, just as in ELAN. The
waveform that appears at the top of the screen is a two-dimensional depiction of sound intensity
over time. The spectrogram underneath is a three-dimensional depiction of time (x-axis),
frequency (y-axis) and amplitude (shading). Below these two types of sound visualization are the

6

Or corresponding to discrete points, but only intervals were used in the current analysis.
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interval tiers that comprise the TextGrid. In Figure 3.3, these interval tiers represent two speakers,
LK (Larry Kimura) and IN (Ida Nāone). Intervals inside these tiers may be blank (if no speech is
present or that segment should not be measured) or may contain text that transcribes what was said
by the speaker within the times represented by the boundaries (blue bars in Figure 3.3). In this
investigation, tiers were also used for the purposes of adding comments and marking portions to
later exclude. The TextGrid shown in Figure 3.3 contains utterance-level transcriptions as exported
from ELAN; that is, each interval contains a transcription that is at least one word long but no
longer than a sentence, and each interval is broken up no further.

3.4 Vowel Formants
This dissertation is primarily concerned with describing spectral quality in Hawaiian.
Certain measurements are therefore taken here to quantify aspects of vowel quality. This section
briefly defines formants, the objects of direct measurement in this research.
According to phonetic source-filter theory, the articulation of vowels can be modeled as
vocal fold vibrations (the source) plus adjustments in the vocal tract that change its characteristics
(the filter) (Fant 1981). Aspects of both the source and the filter are perceptible to listeners and
can be visualized in waveforms and spectrograms in programs such as Praat. The cycle of the
opening and closing of the vocal folds as they vibrate is reflected in the periodic peaks and troughs
of the waveform (Figure 3.3, top). The frequency of this cycle is measured in Hertz (Hz), and is
known as fundamental frequency (F0), with pitch as its corresponding perceptual property.
As these vibrations travel outward from the vocal folds, they are altered by the shape of
the vocal tract. Several dynamic muscle movements control the shape of the vocal tract; one of
these is the placement of the tongue in the mouth. These filter effects can be observed and
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measured on a spectrogram (Figure 3.3, middle), because as the vibration is perturbed, certain
frequencies of sound resonate or are damped down. The lowest region of frequencies with high
amplitude, appearing as a dark band in the spectrogram, is known as the first formant (F1). The
one above it is the second formant (F2), the one above it is the third formant (F3), etc. These are
all measured in Hertz (Hz). Articulatorily, F1 roughly corresponds to the height of the tongue in
the mouth as the vowel is being produced, and F2 corresponds to the backness of the tongue in the
mouth; the third formant (F3) may also be correlated with lip rounding and other phonetic features,
though these were not considered in the present dissertation. For more on vowel formants and
measurement, see Yang (2021).
Praat is able to track the location of formant bands using a linear predictive coding (LPC)
algorithm. In Figure 3.3, the outputs of this algorithm appear as red dots that closely track to the
dark bands in the spectrogram. LPC locates the overall peaks and valleys in the spectrum, which
theoretically represent the resonances in the mouth caused by the tongue acting as a filter (Styler
2021). Challenges with LPC, including decisions regarding what settings to use to achieve the best
accuracy for automated measurements and how to identify errors in the output, are further explored
in Chapter 3.7.2.

3.5 Forced alignment with the Montreal Forced Aligner
After obtaining transcriptions in TextGrids, the data was ready for forced alignment.
Forced alignment is the process by which transcripts, associated with utterance-length intervals of
sound as in Figure 3.3, are aligned with an audio file at the more granular word and phone (sound)
level, as in Figure 3.4. That is, every word that appears in a transcript is then represented by its
own interval on a ‘word’ tier, and each phone is represented by its own interval on a ‘phone’ tier.
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In Figure 3.4, the speaker tiers from the input of Figure 3.3 have each been split into a word (upper)
and phone (lower) tier. On each of these tiers, the boundaries now correspond to the beginning and
end of words or phones, respectively. Pauses and silences are also automatically inserted by the
forced aligner.

Figure 3.4. Example of Praat TextGrid with aligned word and phone tiers.
The forced aligner used for this project was the Montreal Forced Aligner (MFA)
(McAuliffe et al. 2018). MFA completes word- and phone-level alignment by using input data (in
the format of Praat TextGrids and associated .wav sound files) to train a language model on the
correlations to expect between a particular sound and a given orthographic symbol. This model is
created from data aligned at the utterance level, with no need for the user to supply any initial
information on where MFA should expect word or phone boundaries.
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Before MFA can train its aligner model, it needs to know what phones are present in each
transcribed word. It accesses this information via a pronunciation dictionary that maps each word
to a series of phones. For languages where there is not a one-to-one mapping between phonemes
and letters, such as English, creating such a dictionary can be a time-intensive process unless such
a pronunciation dictionary is already available. Because of the transparent nature of the modern
Hawaiian orthography system, creating a pronunciation dictionary for Hawaiian is a simple
automatic task: words are simply divided into their constituent letters.
It is possible to adjust a pronunciation dictionary to reflect pronunciations of words that
differ from their standard spelling. In Hawaiian, words like laila (“there”) or kēia (“this”)
commonly alternate with variants other than what is reflected in the orthography, such as [lei.la]
and [keː.ʔi.a] (Kinney 1956, Drager et al. 2017). However, I made the decision to not to add or
edit dictionary entries in order to avoid introducing inconsistencies into the analysis at this stage.
At a later stage, variation is investigated word by word (Chapter 6), but for initial alignment and
measurement purposes, the standard orthography – including long vowels marked with kahakō
and glottal stops marked with ʻokina – is relied upon to provide a unified basis for analysis.
The MFA program to train a model and align a dataset is executed in a computer’s
command-line interface, where a user specifies the location of the input data, the dictionary, and
an output folder. More information on the MFA training and alignment processes can be found in
McAuliffe et al. (2018).

3.6 Manual correction of alignments
While the MFA overall performs an excellent job at accurately placing boundaries between
phones and words (Gonzalez et al. 2020), the TextGrids it outputs are not perfect. Boundaries are
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sometimes placed in locations that a trained phonetician would disagree with. Some errors are due
to mismatches between the sound file and the transcription provided, as when a transcriber
mishears an utterance, introduces a typo, or utilizes a spelling that does not precisely match a
particular instance of pronunciation. In other cases, MFA may simply misalign certain sounds due
to issues with background noise, volume, or lack of training data. Therefore, after running the
MFA to create automatically force-aligned TextGrids, all outputs for the mānaleo under
investigation were then manually checked to correct boundary placement to a level of high
precision. Though they were included in transcription and forced alignment, outputs from Larry
Kimura’s speech were not manually corrected, as they are not considered further in this
dissertation. A notes tier was imported from previous steps to guide the manual realignment.
In addition to the notes tier, a tier was also added for marking intervals like disfluencies
and overlaps that were to be excluded from further analysis. Sometimes intervals were excluded
due to variation in voice quality making formants difficult to discern. Clearly non-Hawaiian words
and names were also excluded; however, words and names historically borrowed from foreign
languages but regularly nativized into Hawaiian phonology, such as Kakōlika (‘Catholic’),
Kalawina (‘Calvinistic’), or kanakē (‘candy’) were kept in the dataset (see Parker Jones 2009).
The following sections describe specific aspects of the process of manually re-aligning all
phone and word intervals.

3.6.1 Missing phonetic material: Two strategies
Naturally produced speech often exhibits phonetic divergence from the spelled form of a
word. Reduction of spoken forms occurs particularly often in spontaneous speech, but also occurs
in careful speech (Warner and Tucker 2011). Listeners are skilled at decoding and reconstructing
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reduced speech, and may even ‘hear’ phonetic material that is not present in the acoustic signal.
For instance, the English sentence “Do you have time?” could be heavily reduced in production to
something like [tʰjʏ.tʰɛm
̃ ], and listeners might not only understand the meaning of the sentence,
but indeed hear the word have despite no acoustic trace of any of this word’s phones (Warner
2019). The following sections detail many instances when a labeled interval was present in the
phone tier, but no segment of sound existed to align it with. One solution could have been to simply
delete such intervals from the phone tier while leaving the spelling of the corresponding word in
the word tier unchanged. However, I was concerned that later data processing steps could depend
on an exact match between a word and its constituent phones, so removing a phone interval without
changing its associated word might cause technical issues.
There were therefore two potential ways of dealing with such cases. In one strategy, dubbed
here the shortening strategy, the interval corresponding to the deleted segment could be made so
short that it could easily be filtered from later consideration. These segments were shortened to <1
ms, and at the later stage of Fast Track extraction (Chapter 3.7), all segments under 20 ms were
filtered out. In another strategy, dubbed the deletion strategy, such intervals were deleted from the
phone tier and the corresponding letter in the word tier was also deleted. Each of these two
strategies was followed in different cases, as discussed in the following sections.

3.6.2 Common lexical variation
The dropping of vowels was particularly common in certain words, including loaʻa
(‘obtain’), puaʻa (‘pig’), manawa (‘time’), and aku (directional, ‘away’) (Table 2). For instance,
loaʻa /lo.ˈa.ʔa/ is often pronounced [ˈlo.ʔa], and puaʻa /pu.ˈa.ʔa/ is often pronounced [ˈpu.ʔa]. In
the case of these two words, pursuing the shortening strategy, in which the elided /a/ segment is
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very small but still present in the TextGrid, would result in this deleted segment being assigned
primary stress in the final coding, and would not reflect the shift in stress that occurs in speech. In
such cases where the deleted vowel shifted the stress in the word as pronounced, then the deletion
strategy was pursued rather than the shortening strategy. In the case of manawa, stress assignment
was never observed to be affected by the deletion or elision of material such as the unstressed
vowels, so the shortening strategy was used in such cases. For function words like aku, the
shortening strategy was also used.
Table 3.2. Examples of some common lexical variation.
Canonical form
loaʻa
puaʻa
manawa
aku

Commonly heard variants
loaʻa, loʻa
puaʻa, puʻa
manawa, manaw, mnawa, mnaw
aku, ak, ku

Transcription used on word tier
loaʻa, loʻa
puaʻa, puʻa
manawa
aku

At a later stage of analysis in R, the spelling of these words was re-corrected to align with
the orthographic standard in order to match them with their associated word frequencies.

3.6.3 ʻAʻole-type words
Some words, which I call here ʻaʻole-type words, comprise a set in which the primary
stressed vowel could variably be pronounced as /o/ or /a/ (see Table 3.3). The Kaniʻāina transcripts
and the original transcripts produced by Kama and myself contain a variety of ways of transcribing
the lexemes whose canonical form is ʻaʻole (“no”), ‘aʻohe (“none”), and hope (“after”), reflecting
a variety of pronunciations. The common transcriptions ʻale for ʻaʻole and ʻahe or ʻohe for ʻaʻohe
reflect shortening of the word to two rather than three syllables. In the process of manual
realignment, I found that there existed a spectrum of examples between the extremes of definitely
two or definitely three syllables: the ʻokinas in the words ʻaʻole and ʻaʻohe were often produced
not as distinct glottal stops but as a period of glottalized (creaky) phonation. Figure 3.5 shows an
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example of a token of ʻaʻole that is ambiguous between ʻaʻale and ʻale because a distributed period
of creakiness arose rather than a glottal stop. I decided on whether to treat the words as two- or
three-syllable variants based on both visual and auditory cues. ʻAʻole-type words are separately
analyzed in Chapter 6. Measurements of their stressed vowels are not included in the overall means
for either /a/ or /o/.
Table 3.3. ʻAʻole-type words (note that the verbal negation particle ʻole is not included; see text
for details).
Canonical form
ʻaʻole
ʻaʻohe
hope

Commonly heard or transcribed variants
ʻaʻole, ʻaʻale, ʻale
ʻaʻohe, ʻaʻahe, ʻahe, ʻohe
hope, hape

Counted as ʻaʻole type word?
yes
yes
yes

Figure 3.5. In this example, there is a bit of creakiness distributed throughout the /a/ of ʻale,
making it ambiguous between ʻale and ʻaʻale.
The particle ʻole, which negates a preceding verb – as in hiki ʻole (“unable”) – was never
transcribed as ʻale, reflecting a lack of variation in the vowel. Grammatically, ʻole cannot stand on
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its own as an utterance or begin an utterance, unlike ʻaʻole and ʻaʻohe (e.g. ʻaʻole hiki ‘cannot’
and ʻaʻohe kula ‘no school’). ‘Ole was therefore not categorized as an ʻaʻole-type word.
At a later stage of analysis in R, all instances using the non-standard ʻaʻale and ʻaʻahe
spellings were re-corrected to the orthographic ʻaʻole and ʻaʻohe in order to match them with their
associated word frequencies.

3.6.4 ʻOkina
Measuring ʻokina presented several difficulties. In addition to the fact that etymological
ʻokina often arose not as glottal stops but as a section of creaky voice, glottal stops sometimes
arose in places where no ʻokina was marked in the standard orthography. Such insertions of glottal
stops were noted in a comments tier for future investigation, though a systematic analysis of the
phonetics of ʻokina is outside the scope of the present dissertation. If such a non-etymological
glottal stop was encountered in manual re-alignment, it was not added to the word or phone tier as
an ʻokina, as I was concerned that this would complicate later word-based comparisons. If the
excrescent or epenthetic ʻokina occurred within a word (as in the common kēia [keː.ˈʔi.a] “this”),
the period of aperiodicity in the waveform was included as part of one or both of the surrounding
vowels and a note was added on the notes tier. The same was done if just a brief period of creaky
voice separated two words. Where a large, clear glottal stop was present between two words
without a corresponding ʻokina, a segment of silence was added on both the words and phones
tiers. In this manner, the boundaries of the vowels surrounding the silence could remain accurate.
Occasionally, no glottal stop or creakiness occurred where ʻokina were marked. In that
case, the interval corresponding to the ʻokina was made extremely short (<1 ms) so as to allow for
as much measurement of the surrounding vowels as possible.
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3.6.5 Acoustic ambiguity
Deciding on reasonable, consistent criteria for placing boundaries between certain
segments was sometimes impossible. This difficulty was true for boundaries between two vowels:
the continuous nature of the vowel space precludes finding an exact point where one vowel ends
and another begins. There was even more uncertainty if the two vowels were identical. For
instance, if a speaker rapidly said “i loko o” (inside of) without an excrescent ʻokina or
audible/visible rearticulation, there was no way to know whether the /o/ at the end of loko and the
separate word o were both pronounced, or whether o was simply elided, as function words often
are in rapid speech. In cases with no spectral evidence of rearticulation, the function word was
deleted from both the word and phones tier.
Some consonants presented inherent difficulties with finding accurate start and end
boundaries. The glottal consonants of Hawaiian, /ʔ/ and /h/, rarely acoustically surface as a single
voiceless stop [ʔ] or clearly distinct voiceless fricative [h] between modally voiced vowels.
Instead, a wide range of laryngeal phenomena occur; many degrees of creakiness and breathiness
between vowels cue the presence of these underlying consonants. The consonant /v/ may surface
variably as a labiodental glide [w], labiodental fricative [v], bilabial fricative [β], or labiodental
approximant [ʋ], again in a gradient manner. It is very difficult to consistently segment between
vowels and several of these allophones, particularly [w]. Issues also arose in segmenting /l/, which
sometimes showed few apparent spectral differences from surrounding vowels. In these cases, a
combination of visual and auditory cues were used to decide on a boundary. Given the focus of
this dissertation, priority was given to making sure that vowel segments contained clear formants.
Duration measurements of vowels in contact with the above-listed consonants should be
considered with caution in future research.
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In addition to simply realigning boundaries to the precise location where one sound (and
word) ended and another began, sometimes it was found that the transcription needed to be slightly
altered. For instance, in rapid speech, function words such as i (object marker) were sometimes
elided, but transcribers often ‘heard’ them as present even when spectral analysis showed no trace
of them. In these cases, the non-existent interval would be deleted from the phones tier and its
corresponding letter also removed from the word tier.

3.6.6 Devoiced vowels
Another issue noted in manual alignment was how to treat devoiced vowels. If a vowel was
fully devoiced, it was excluded from measurement, either through the shortening strategy or by
adding a comment on the exclusion tier for later omission. The shortening strategy was not possible
in cases where some phonetic material remained from the vowel. For instance, in Figure 3.6, it can
be seen that final /i/ in hiki ke is devoiced, leaving some fricative-like material behind but no
measurable first formant. Shortening /i/ and adding this material to the preceding or following /k/
would not have been desirable. A comment was therefore left on the exclude tier.
In other cases, either the shortening strategy or commenting on the exclusion tier would
have worked. In Figure 3.7, the /u/ in aku is devoiced, or even perhaps fully deleted. In this case,
it made most sense to shorten it. Note also in Figure 3.7 that it was difficult to decide on a location
to divide the /a/ in loa from the /a/ in aku. The decision was ultimately arbitrary; the /a/ of aku
could have been shortened instead.
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Figure 3.6. An example of a devoiced vowel excluded by adding a comment to the exclude tier.

Figure 3.7. An example of devoicing of /u/ in the word aku (and the lack of /a/ in loa) which
are shortened to the point that they will be excluded from further analysis.
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Figure 3.8. An utterance-final vowel that LPC fails to track accurately, later subject to a
second round of manual realignment, moving the boundary at the end of /a/ and excluding the
breathy portion (highlighted in light blue) inside the vowel interval.
In many cases, the vowel started out modal but petered out into breathiness or partial
devoicing while still containing identifiable formants. Praat’s formant tracker often has difficulty
with such breathy intervals. Figure 3.8 shows an example of such a spectrogram: the /a/ in ka
shows evidence of continuing past the point at which the waveform ceases to show glottal pulses.
Though including the breathy portion of the vowel may occasionally be advisable for purposes of
duration measurement, overall this negatively affects the formant measurements that are at the
heart of the present description. In a second round of manual re-alignment, vowel boundaries were
relocated such that they were then measured only until the end of their modal, accurately
measurable sections, rather than including portions that may throw off formant tracking.
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3.6.7 Preaspiration
Another measurement issue that arose in manual checking involved pre-aspiration between
the end of a vowel and the beginning of a consonant (Figure 3.9). I was initially assigning all or a
portion of these breathy or preaspirated periods to the preceding vowel, as formants were still
present in the spectrogram. However, it was decided to re-measure the vowels to exclude these
portions of pre-aspiration, mainly because formant measurements in these periods, especially for
the first formant, were difficult to obtain or inaccurate.

Figure 3.9. Two instances of pre-aspiration, counted as part of the consonant rather than the
preceding vowel.
3.6.8 Respelling
Some multimorphemic words spelled without spaces in the standard orthography were
separated into separate ‘words’ for the purposes of alignment and analysis. The words for the
numbers greater than ten contain multiple morphemes that are not normally separate in writing,
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but which were separated by spaces for this analysis. For instance, ʻumikūmāiwa (“nineteen”) was
separated into ʻumi (ten) kūmā (digit separator) iwa (nine). If this step were not taken, the later
parsing of vowels would treat the <āi> in ʻumikūmāiwa as a diphthong, when it is not pronounced
as such.7 The words makua kāne (“father”) and kupuna kāne (“grandfather”) are sometimes written
as makuakāne and kupunakāne, but a space was put between morphemes in these words. Names
were kept as single words despite being multimorphemic, because a diphthong is more likely to
be formed at a morpheme boundary in these cases (e.g. Kainoa /kai.no.a/, a given name, as opposed
to ka inoa /ka.i.no.a/).

3.6.9 Wrap-up
After manually checking all alignments, a Praat script was run to make sure that all
boundaries on the word tier were precisely aligned with a boundary on the phones tier; any small
accidental misalignments were automatically corrected (Lennes 2005). I also developed a Praat
script that merged intervals on the phones tier together if they comprised a diphthong, defined by
Schütz (1981) as vowel clusters that comprise a single syllable: /ai, au, ae, ao, ei, eu, oi, ou, iu, āi,
āu, āe, āo, ēi, ōu/. The paired TextGrids and sound files were then ready to pass to Fast Track for
formant extraction.

3.7 Fast Track
In order to track formants properly, as introduced in Chapter 3.4, the correct linear
predictive coding (LPC) settings need to be selected. As a prediction algorithm, LPC needs to be
told certain information about where it should expect to find the peaks and troughs in the sound

7

I can no longer find a source for this claim, so it may have been a personal communication, perhaps with Albert
Schütz. In any case, this claim should certainly be tested in future acoustic and auditory work.
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spectrum. Among other settings, it needs to know how many peaks, or formants, it should be
searching for, as well as what range of frequencies it should search for those peaks. Speakers differ
in the frequencies at which they produce the formants of phonemically identical vowels, with
physiology playing a large role in this variation. For instance, deeper voices have both lower mean
F0 and lower means of F1, F2, and the other formants than higher voices do. LPC settings,
particularly the maximum cut-off frequency for the algorithm to consider, must therefore be
changed speaker-by-speaker to accurately predict the locations of formants. In addition, because
F1 and F2 are very close together in some vowels, such as [o], and very far apart in others, such
as [i], LPC settings may even need to be changed vowel by vowel within a single speaker.
Most studies of vowel formants utilize Praat scripts to extract measurements of formant
frequencies. Usually, a process of trial and error is used to decide on the best LPC settings to use
in running automatic extraction scripts. This introduces a great deal of uncertainty and a frustrating
lack of reproducibility to the measurement process.
This issue has been ameliorated by the development of Fast Track (Barreda 2021), a Praat
plugin that separately considers each vowel sound in a dataset in order to automatically determine
the LPC settings that output measurements with the highest likelihood of being accurate. Fast
Track does this by carrying out multiple analyses per sound with different LPC settings. It then
follows an algorithm that compares these analyses to each other and selects the one that appears
to contain the fewest tracking errors. More details on how it accomplishes this feat can be found
in Barreda (2021). The following sections focus on the steps I took as a user of Fast Track to
process sound files after manual re-alignment was complete.
The term token is used in the following sections, and in following chapters, to describe one
specific instance of a vowel as produced once by a speaker: for instance, if a person is recorded
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saying the word kalo (‘taro’), the recording of that word will contain one token of /a/ and one token
of /o/.

3.7.1 Chopping up sound files
The sound files and associated TextGrids used up to this point comprised large chunks of
KLH episodes, and each pair of files contained many words and phones. Fast Track requires the
files that it measures to be chopped up such that each vowel token is represented by a single sound
file and corresponding Text Grid. The Extract vowels with TextGrid functionality in Fast Track
carried out the step of dividing the long recordings into their constituent tokens. The function took
as its inputs a folder containing sounds, a folder containing associated TextGrids, and information
concerning the tiers inside of the TextGrids: which tier contained phone information, which
contained word information, which contained comments that are associated with particular
intervals, which tier for marked intervals to omit from analysis. The outputs of this function were
a folder containing each of the separate tokens as their own .wav files and a spreadsheet detailing
information about each of the tokens: the label of the token, the preceding and following labels,
the start and end points, the duration, the word the token appeared in, the start and end point of
that word, the previous and following words, any comments left on notes tiers, and whether or not
the token was marked for exclusion from further analysis.

3.7.2 LPC analysis and choosing winners
The next step in Fast Track was to use the Track folder function to measure the formants
in each of the single-token sound files. At this stage, Fast Track produced multiple LPC analyses
per token, compared them to each other, and decided on a winning analysis. Fast Track
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automatically excluded tokens under 20 ms in duration from analysis at this stage due to the
difficulty of ascertaining formant trajectories in small intervals.
Fast Track always searches for 5.5 formants under a particular maximum cut-off frequency
in each of its analyses (Barreda 2020).8 A range of maximum frequencies for Fast Track to use in
its multiple analyses therefore has to be set by the user. As mentioned in Chapter 3.4, physiological
differences between humans generate a high degree of inter-speaker variation in the frequencies
at which their formants are produced. In order to ascertain which maximum cut-off frequencies
worked best for the speech of each mānaleo, during the manual re-alignment step, the LPC settings
in Praat were set such that it was always looking for 5.5 formants underneath its maximum cut-off
frequency, and several different cut-off frequencies were tested to see which ones tended to best
predict the locations of formants for different speakers.
Table 3.4. Ranges of maximum cut-off frequencies used for each speaker in Fast Track.
Name
Rachel Mahuiki
Alfred Apaka Sr.
Ida Kapuʻihilani Feary-Milton Nāone
Henry Hanalē Machado
Lilian Victor
David Kaʻalakea
Sadie Kaluhiʻōpiopio Beebe
Joseph Makaʻai

Gender
female
male
female
male
female
male
female
male

Episode
KLH #014
KLH #057
KLH #013
KLH #021
KLH #032
KLH #063
KLH #033
KLH #016

Range of maximum frequencies
5400 – 6000 Hz
4500 – 5500 Hz
5200 – 6200 Hz
4500 – 6000 Hz
5000 – 6000 Hz
4500 – 6000 Hz
6000 – 8000 Hz
5400 – 6100 Hz

As also previously mentioned (Chapter 3.4), vowel sets may differ in terms of which
settings best predict their formants. For instance, setting a relatively high cut-off encouraged the
LPC to search a wider range for its 5.5 formants, meaning that the peaks of F1 and F2 in a vowel
like [o], where the two formants are nearly equal, might be predicted to be a single peak rather
than two. On the other hand, having a relatively low cut-off frequency encouraged the LPC to see

8

5.5 formants refers to the number input into Praat’s LPC settings.
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two peaks where only one truly existed. Based on the observed behavior of Praat’s LPC within a
speaker over many different vowels, a range of cut-off frequencies was noted within which
accurate readings were obtained for the full range of vowels. Table 3.4 shows the range of cut-off
frequencies used for each speaker.
In addition to setting the lowest and highest cut-off frequencies, I also needed to tell Fast
Track how many steps to investigate: that is, how many analyses to create, representing cut-off
frequencies at equally spaced intervals within the range of maximum frequencies. The options
allowed by Fast Track for number of steps were 8, 12, 16, 20, or 24. For this analysis, 20 steps
were compared. Images of all 20 analyses produced for each token were saved to a folder as they
were compared by Fast Track. Using its algorithm, Fast Track automatically selected one winning
analysis for each token from the 20 possible analyses.

3.7.3 Aggregating data
Fast Track then sampled each token at 2 ms intervals from beginning to end of the vowel
to return readings of F1, F2, and F3 using the winning LPC settings for that token. A spreadsheet
was output for each token listing these measurements. Because each token had a different duration,
each ended up with a different number of measurements. In order to compare tokens with each
other, various numbers of 2 ms samples needed to be aggregated into a consistent number of bins.
Fast Track allowed for several different suggested numbers of bins: 1, 3, 5, 7, 9, or 11. In
order to measure the trajectories of each token at high precision, nine measurement bins were
selected. Fast Track allowed for these bins to be calculated as a mean or a median: that is, to
aggregate all of the 2 ms samples within a given 1/9th of a token into a single measurement, Fast
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Track could use those samples’ mean or their median. Since means are more susceptible to the
effects of outlier measurements, medians were selected as the statistic to output for each bin.
In the following sections and chapters, to avoid confusion with each token as a whole, the
term measurement will be used to describe each of the nine aggregated measurements within each
token.

3.8 Data preparation in R
After Fast Track aggregated the nine measurements per token, it output a spreadsheet that
could then be processed further in the R programming language, using the R Studio integrated
development environment. In addition to the information gathered so far by Fast Track, further
variables were created to aid in the visualization and statistical analyses that follow.
In addition to the information already output by Fast Track about each token’s immediately
preceding and following phones, I marked each token with its preceding and following vowel,
even if a consonant intervened. If the phone immediately preceding a token was a silence, then
“sil” was entered for the preceding vowel; the same was done for following silences and following
vowels. Information was added for each token regarding whether it comprised a monophthong or
diphthong (see Chapter 3.6.9).

3.8.1 Marking sets of words
Information was also added about whether the word associated with a token was of interest
for exclusion or further investigation. One such set of words for further investigation was ʻaʻoletype words, listed in Chapter 3.6.3. Kinney (1956) noted that certain words containing /ai/ are
pronounced with an [ei] most of the time. These words included kaikamahine (‘girl’), kaikuaʻana
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(‘older sibling’), kaikunāne (‘brother’), kaikaina (‘younger sibling’), kaikuahine (‘sister’), maikaʻi
(‘good’), and laila (‘there’). These words (and derivative terms like lokomaikaʻi ‘good-hearted’)
were assigned to a “Kinney 1956-type” set of words.9 Sets were also defined for articles,
demonstratives, particles, directionals, pronouns, interrogatives, and other function words (see
Appendix A for a full listing of these sets).

3.8.2 Marking lexical stress
Each token was tagged for lexical stress. According to the analyses of Schütz (1981, 2010)
and Parker Jones (2010, 2018), the locations of primary and secondary lexical stress should be
highly predictable in any word of four or fewer syllables, as well as the final three syllables of
longer words. For this analysis, all diphthongs and long vowels were tagged for stress no matter
the length of the word, as these are predictable in all cases; in these cases, the only options were
primary or secondary stress. Short monophthongs appearing within the final three syllables of a
word were tagged as primary, secondary, or unstressed. All other instances of short monophthongs
appearing earlier than the third-to-last syllable in a word were marked as unpredictable and
excluded from further analysis. For further details, see the description of Hawaiian stress in
Chapter 2.7.1.

3.8.3 Outlier identification, re-analysis, and exclusion
Even after manually checking all phone alignments (Chapter 3.6) and using Fast Track to
boost the accuracy of LPC (Chapter 3.7), erroneous measurements as well as true outliers
inevitably appeared in the dataset. I first describe here the calculations used in quantifying outlier

9

The word ikaika (“strong”) was also included in this list of separately considered terms, but this word was only
used by one speaker in the derivative term hoʻoikaika (“strengthen”) and is thus not analyzed further.
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measurements. In the following sections, I then outline how I identified outlier tokens, manually
inspected Fast Track outputs to decide how to treat each outlier token, and finally carried out a
blanket exclusion of outlier measurements.
For the purposes of outlier identification, correction, and elimination – and therefore also
in all subsequent analyses reported in this dissertation – certain sets of words were excluded from
consideration: articles, particles, function words, demonstratives, interrogatives, and the words
mea (“thing”) and manawa (“time”). These words were identified as having vowels that often
underwent extreme reduction; because of their consistent divergence from the norm of the content
words, these words were found to complicate and add inefficiencies to accurate outlier
identification and removal. Pronouns and directional words, however were included; these words
may exhibit some reduction, but excluding all members of these sets would leave the dataset with
extremely few examples of certain vowel combinations, such as [ou], which appear most
frequently in pronouns. The primary stressed vowel in ʻaʻole-type words was marked not as /a/ or
/o/, but a separate vowel category for those words alone. Kinney 1956-type words continued to
have all phone tokens labelled with the vowels appearing in their standard orthography for the
purposes of outlier detection.
A common outlier exclusion criterion in acoustic phonetic work on vowels is based on
standard deviations from the within-vowel mean of F1 or F2 measurements, commonly
operationalized via z-scores. Utilizing z-scores results in a rectangular ‘inclusion zone’ around
each mean. However, a potentially better method is to calculate the Mahalanobis distance from
each token to the within-speaker, within-vowel mean. The Mahalanobis distance considers both
F1 and F2 simultaneously in its calculation of distance from a mean in multivariate space, resulting
in an elliptical inclusion zone (Figure 3.10, reproduced from Stanley 2020b). According to

103

Renwick and Ladd (2016: 20), the Mahalanobis distance “is the unitless, directionless distance of
each data point from the center of the cloud to which it belongs, divided by the width of the
ellipsoid as calculated in the direction of that data point, and can be considered a multidimensional
z-score”. These units are positive numbers. The closer the number is to zero, the closer that point
is to the center of the distribution in multivariate space. The higher the number, the farther away
from the center. The Mahalanobis distance is therefore a convenient way to identify potential
outlier measurements.

Figure 3.10. Two common ways of filtering outliers: z-scores or Mahalnobis distance.
Reproduced with permission from Stanley (2020b: 60).
Compared with the “unnaturally rectangular distribution” of the z-score method, an
elliptical zone is more “theoretically-grounded” given the continuous nature of the vowel space
(Stanley 2020b: 60-61). Figure 3.10 shows how these two different methods work on a simulated
dataset. The z-score method excludes some of ‘real’ data points (black dots) but also fails to
exclude several ‘noise’ points (red triangles) that, ideally, one’s exclusion criteria should identify
for exclusion. The elliptical zone created by calculating Mahalanobis distances excludes some
‘real’ data but also does a better job at excluding the ‘noise’. The latter method was therefore used
in this analysis.
104

For each measurement, I calculated the Mahalanobis distance from that measurement to
the within-speaker, within-vowel center of measurements in F1/F2 space: this gave me nine
Mahalanobis distances corresponding to the nine measurements within each token. Based on these
Mahalanobis distances, I identified the measurement representing the 95th percentile point within
each speaker – that is, the measurement above which only 5% of each speaker’s measurements
had higher Mahalanobis distances. Each speaker’s 95th percentile distance was then used in the
next step, outlier token identification.

3.8.3.1 Outlier tokens
I calculated the within-token means of Mahalanobis distances – that is, for each token, the
mean of its nine measurements. I then created a spreadsheet containing, for each speaker, the file
names of each of the tokens whose mean Mahalanobis distances were higher than the 95th
percentile point calculated for that speaker. I used Microsoft Excel to more easily inspect and add
information regarding what action to take for each token.
At an earlier stage (Chapter 3.7.2), Fast Track output a comparison image for each token,
depicting the 20 different possible analyses from which it could choose a winner (Figures 3.11–
3.14). In each comparison image, a solid box appeared around the analysis that the Fast Track
algorithm automatically selected as a winner. Each of the analyses corresponded to a step number
between 1 and 20, from top left to lower right. As I went through the Excel sheet of files
corresponding to tokens with high Mahalanobis means, I inspected the comparison image
corresponding to each file. Based on visual inspection of the 20 possible analyses in the
comparison image, I decided on one of three courses of action for each token: keeping the token
in the dataset and keeping Fast Track’s automatic winner; keeping the token in the dataset and
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choosing a new winner whose LPC better tracked formants; or discarding the token from analysis.
These choices were recorded in a new ‘edit’ column in the Excel sheet.
If visual inspection (along with auditory inspection of the sound file if necessary) revealed
that the winning LPC settings accurately tracked formants, then the token was kept in the dataset
and no change in winner was made. In these cases, nothing was entered into the ‘edit’ column on
that file’s row. Figure 3.11 shows a comparison image for the first /ou/ token in an instance of the
word ʻoukou. The winning step, Step 1, shows good formant tracking compared to the other
analyses. The reason this token had a high Mahalanobis distance mean was because this instance
of /ou/ was produced more like an [au], so it appeared to be an outlier. Further inspection revealed
that this instance of /ou/ came directly after /ā/, in the phrase iā ʻoukou (“to you”). Though an
atypical instance of /ou/, the measurement itself is not at fault for making it appear as an outlier,
nor is this a slip of the tongue. Vowel-to-vowel assimilation is a regular phonetic process, explored
further in Chapter 5. As is demonstrated by this example, such assimilation can even operate over
an intervening consonant. Here, an ʻokina comes between /ā/ and /ou/, though as noted in Chapter
3.6.4, little phonetic evidence of its exact location exists since it arises as a short period of aperiodic
vocal fold vibration.
In other cases, the winning analysis was an accurate reflection of the formants in the token,
but the reason that the token had a high Mahalanobis distance mean was because of a speech error
in which the speaker had produced a vowel notably different from that implied by the spelling of
the word. In these cases, if I had never encountered any specific lexical variation that could explain
such an apparent error, I discarded the token from further analysis. Figure 3.12 shows the
comparison image for a token of /e/ in kāhea mai (“call”). In this example, the /e/ was pronounced
more like [ai], but as far as I am aware, no lexical variation has been previously reported for
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pronouncing kāhea as kāhaia. This change is also more likely to be an anticipatory error due to
planning for the oncoming mai than a typical, regular case of assimilation. It was therefore
considered to not be an example of variation with which this dissertation is concerned, and was
excluded from further analysis. In these cases, a 0 was entered in the ‘edit’ column.

Figure 3.11. Comparison image for the first /ou/ in ʻoukou (“you”, pl.). This token was
pronounced more like [au] because it came directly after “iā”. This token was kept in and the
winner was not changed.
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Figure 3.12. In this comparison, the /e/ of kāhea is pronounced more like /ai/. This was
removed from consideration and considered an error/disfluency rather than a typical case of
assimilation.
In some instances, the analysis in the comparison image that best reflected the formants
was not the automatically selected winner. Figure 3.13 shows a comparison image for a token of
/o/ in the word moho. The winner selected by Fast Track, Step 17, is not an accurate depiction of
where, as a phonetician, I would expect to see the F1 and F2 of an [o]; usually, F1 and F2 are very
close together in this sound, but this winner shows them far apart. Lower steps, corresponding to
LPC settings with a lower maximum frequency cut-off, do better at distinguishing between F1 and
F2 and accurately tracking them. Because Fast Track is not given any information about where to
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expect the F1 and F2 tracks to appear based on specific vowel labels, its algorithm is mostly
interested in the smoothness of the formant tracks in order to select a winner with the fewest errors.
Indeed, even though Steps 1 and 2 look like much better matches, very small samples of erroneous
LPC tracking can be seen at the very beginning and end of the token in these analyses, explaining
why Fast Track did not choose these options as winners. In cases like these, the step number
corresponding to the best analysis (determined by eye) was entered into the ‘edit’ column of the
spreadsheet.

Figure 3.13. Comparison of final /o/ in “moho”. Step 2 (top row, second from left) was reselected as the winner.
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Figure 3.14. Comparison of the stressed /o/ in “noho”. It is both nasalized because of being
after an /n/ and breathy because it is before /h/, making it difficult for any tracking to occur.
This token was excluded from analysis.
In some cases, the token itself was difficult to measure, and no analysis did a good job of
tracking the formants. In these cases, a 0 was entered into the ‘edit’ column, indicating that these
tokens were to be excluded from further analysis. Figure 3.14 shows an example of the first /o/ in
noho. None of the analyses shows particularly clear LPC tracking, and indeed it is difficult to make
out which of the formants is which. In this case, the /o/ is nasalized, which regularly occurs in
syllables containing a nasal consonant. The /o/ is also breathy because it comes before /h/. Like
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the ʻokina, this laryngeal consonant only rarely arises as a distinct segment, instead distributing its
properties among the surrounding vowels.
After token-level checking was complete for all of the tokens in a particular speaker’s
spreadsheet, the sheet was loaded back into R. The tokens marked with a 0, identifying exclusion
from analysis, were added to the list of files to omit. In addition, a file was created listing a new
set of winners, which now reflected my manual re-selections. Using this new winners list, I re-ran
the Fast Track Get winners function (a sub-function of Track folder described in Chapter 3.7.2)
and then re-aggregated the outputs (Chapter 3.7.3), thus creating a new dataset that was now
inspected and corrected for outliers at the level of the token.

3.8.3.2 Outlier measurements
Once again, on this new, token-cleaned dataset, I calculated within-vowel, within-speaker
Mahalanobis distances for each measurement. This time, I identified the measurement representing
the 99th percentile point within each speaker – that is, the measurement above which only 1% of
each speaker’s measurements had a higher Mahalanobis distance. Hand-checking each of these
outlier measurements would have been time-consuming due to the number of individual
measurements per token. Through visualizing vowel plots, I observed that omitting the most
extreme 1% of measurements successfully excluded most remaining erroneous measurements
while still keeping in the dataset a large degree of within-vowel variation in F1 and F2.

3.8.4 Normalization
As mentioned earlier, the frequencies of the formants in comparable vowels spoken by
different people vary widely. This variation presents a difficulty not only for selecting LPC
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settings, but also for comparing the measurements of vowel F1 and F2 between speakers. Most
investigations of vowels that investigate multiple speakers therefore employ some type of
normalization to allow for inter-speaker comparisons. Many different methods of normalization
have been employed in sociolinguistic studies, and each of the commonly employed methods have
various benefits and drawbacks. More information on methods of normalization can be found in
Adank et al. (2004), Barreda (2020), and Yang (2021).
An important aspect of the data investigated in this project is how it employs several
measurements per token, enabling the visualization and analysis of full vowel trajectories. The
majority of the literature on vowel normalization, however, has focused on single, static formant
measurements to represent tokens rather than dynamic measures. Stanley (2020b), in an
investigation of vowel dynamics in English, found that utilizing the log-difference method outlined
in the Atlas of North American English (ANAE; Labov, Ash, and Boberg 2006) worked well on
dynamic data. This log-difference method is based on a method originally advocated by Nearey
(1978) (see also Barreda & Nearey 2018). I therefore used the norm_anae function in the R
package joeyr (Stanley 2020a) to implement this normalization method. The normalized data
forms the basis for the descriptions in Chapters 4 and 5, while speaker-level raw data is described
in Chapter 6.

3.8.5 Calculation of single points representing monophthongs
Monophthongs are characterized by an overall smaller amount of F1/F2 variance over the
course of time than diphthongs, and articulatorily they are overall defined by a single ‘target’ for
tongue movement. It is therefore often useful for tokens of these vowels to be analyzed in terms
of a single set of F1/F2 measurements at one point in time.
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Acoustic vowel investigations have used various criteria to define which single point best
describes the target of each token. The plots and analyses in this dissertation that refer to single
points as representative of tokens choose these points by predicting the location of the target of a
monophthong given information about its expected trajectory. When the averaged trajectories of
monophthongs are plotted, they are shown to each have a different ‘inflection point’ depending on
the height and backness of the vowel (Labov et al. 2006). The best place to measure low vowels
like /a, aː/ is the inflection point at which the tongue reaches its lowest point, so the F1 maximum
corresponds to its target. The front vowels /i, iː, e, eː/ may be best measured at the point of
maximum F2, and the back vowels /u, uː, o, oː/ at the point of minimum F2.
In the fully cleaned dataset, with problematic tokens excluded and individual
measurements with extreme Mahalanobis distances discarded, each token now contained up to
nine measurements from which to find the point at which the F1 maximum or the F2 maximum or
minimum occurred, depending on the vowel in question. Once this point was identified, the F1
and F2 values at this point were recorded as the “inflection point” measurement. Occasionally,
there were multiple possible measurements within a token containing the identical F1 or F2
maximum or minimum. In these cases, the measurement closest to the midpoint was selected.
Since these calculations involved identifying maximum and minimum measurements, they
were susceptible to outliers and to extreme measurements that could be due to coarticulatory
effects at the edges of vowel intervals. Some acoustic investigations of vowels simply calculate
interval midpoints and use the measurement obtained at that point. Midpoint measurements are
relatively robust to the coarticulatory effects of surrounding consonants and vowels. A dataset of
monophthongs was created using midpoints, and plots based on that data were periodically
compared to those made using inflection points to verify their accuracy; they overall agreed very
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closely in terms of their results. However, relying on midpoints may not reflect measurements at
the precise location where vowels reach their targets, so midpoints were not used as the principal
measurement strategy in this dissertation.
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Chapter 4: Monophthongs and consonant effects on vowels
4.1 Introduction
In this chapter, I present a description of the monophthongs of Hawaiian. The data used in
this chapter comes from all eight of the sample speakers, and is normalized using the ANAE logdifference method (see Chapter 3.8.4). First, the short and long monophthongs are presented
together in Chapter 4.2. Chapter 4.3 looks in more detail at the short monophthongs in terms of
their trajectories (Chapter 4.3.1), how different lexical stress affects their pronunciation (Chapter
4.3.2), and the effects of adjacent consonants (Chapter 4.3.3). The vowels /e/ and /o/ are then
investigated more closely in terms of the effects of an adjacent /l/ or /n/ (Chapter 4.3.4.1) and how
they compare to /i/ and /u/ in word-final position (Chapter 4.3.4.2). Finally, the long monophthongs
are considered in more detail, first in terms of their trajectories (Chapter 4.4.1) and then in terms
of the effects of stress (Chapter 4.4.2).
This chapter explores the vowels within content words that are only directly adjacent to
consonants or silences. Before outlier exclusion and normalization, the following sets of words
were removed from the dataset: articles, particles, function words, demonstratives, interrogatives,
and the frequently reduced words mea (‘thing’) and manawa (‘time’). After normalization, for the
purposes of this chapter, the dataset was filtered to exclude words in the sets: Kinney 1956-type
words, pronouns, and directionals (see Chapter 3.8.1). In addition, in order to rule out the effects
of coarticulation caused by direct contact between vowels, the datasets considered in this
dissertation exclude any tokens which were immediately preceded or followed by a vowel. All
information on following and preceding consonants or vowels refers not just to word-internal
relationships, but any previous or following phonetic material in the speech stream, including
across word boundaries. Preceding and following pauses are marked as silences (coded as ‘sil’).
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When plotting the vowels, tokens either preceding or following [t], an allophone of /k/, were
included; however, these tokens abutting [t] (111 short monophthongs, 8 long monophthongs)
were excluded from consideration in the statistical models presented in this chapter due to low,
highly unbalanced token counts.
In many of the plots in this chapter, means will be shown with ellipses enclosing them. In
all of these plots, the ellipses enclose 67% of the data for that particular group. The ellipses drawn
here are drawn using the ggplot2 function stat_ellipse, which computes a bivariate
confidence interval assuming a Student-t distribution.
The plots in this chapter depict the means from the overall dataset, including all speakers.
However, this dataset is unbalanced, containing more tokens from some speakers than others (See
Chapter 6 for full breakdown) as well as more tokens from some words than others. In addition,
the phonological environments of following and preceding consonant and vowel are unbalanced.
Statistical models are constructed to account for possible effects of these variables, quantify
differences, and indicate whether they are significant given certain assumptions.
In the plots and statistical analyses that utilize a single measurement per vowel token, the
point selected is the ‘inflection point’ of the vowel, as automatically measured at the point of
maximum F1 for /a, ā/, the maximum F2 for /e, ē, i, ī/, and the F2 minimum for /o, ō, u, ū/ (See
Chapter 3.8.5).

4.1.1 Pillai scores
Several methods to quantify vowel overlap have been described in the phonetics literature
(Nycz & Hall-Lew 2013, Kelley & Tucker 2020). Among the most popular and best-performing
methods is the Pillai trace statistic, or Pillai score, which was first introduced in sociophonetics by
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Hay, Warren and Drager (2006). The Pillai score is an output from a multivariate analysis of
variance (MANOVA) model. “At a higher level, the Pillai score is a multivariate analog of the Fratio test statistic from an analysis of variance.” (Kelley & Tucker 2020: 140). Ranging from 0 to
1, the Pillai score “represents overlap as the amount of variation in the data that is explained by
group differences as opposed to random variation in the data” (Kelley & Tucker 2020: 141). The
closer to 0 the score, the less variation is explained by the group difference in question, reflective
of little difference between the two groups. When two groups are fully distinct, the score is closer
to 1. In other words, the lower the Pillai score, the higher the amount of overlap, and the higher
the Pillai score, the greater the distinctiveness. Because the Pillai score is an output from a
MANOVA, it is possible to take into account multiple fixed effects in calculating a pairwise
comparison of distributions.
The Pillai score will be used to quantify the overlap of pairs of vowel distributions in the
following sections of this chapter, as well as in Chapter 5. While this measure is useful in
quantifying overall overlap, it does not answer questions regarding the direction or statistical
significance of differences between distributions; linear mixed-effects models are constructed to
address such questions instead.

4.2 Short and long monophthongs compared
Schütz et al. (2005) state that long vowels change in quantity but are equivalent in quality
to their short counterparts. Parker Jones (2018) overall follows this analysis in describing vowel
qualities, but also reports significantly higher F1 in /ā/ compared to /a/ after controlling for stress.
This dataset provides an opportunity to further investigate these claims.
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Figure 4.1 depicts the means of the inflection points of all short and long monophthongs.
Table 4.2 shows Pillai scores for selected pairs of vowels. To produce these Pillai scores, the fixed
effects modeled alongside vowel identity were the previous and following consonants and the
previous and following vowel.

Figure 4.1. Long and short monophthongs. All speakers, normalized. Means plus ellipses
including 67% of data within that group. Excludes directionals and pronouns.
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Table 4.1. Number of tokens in each vowel category comprising the means in Figure 4.1.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

2074

1186

889

47

1095

134

1330

344

597

264

As we can observe in Figure 4.1, /i/ and /e/ are relatively distinct from each other, while /ī/
and /ē/ are far more similar. Table 4.2 quantifies these differences in Pillai scores. The difference
between the vowels /i~e/ (Pillai = .6204) is almost double that of /ī~ē/ (Pillai = .3206), reflecting
a smaller difference and therefore a higher degree of overlap between /ī/ and /ē/. A high degree of
overlap is also apparent for /o~u/ (Pillai = .3054). The highest Pillai scores, and therefore highest
amount of pairwise distinctiveness, is found in the /a~e/ (Pillai = .7905), /ā~ē/ (Pillai = .7332),
/a~o/ (Pillai = .7156), and /ā~ō/ (Pillai = .7040) pairs.
Table 4.2. Pillai scores for vowel pairs.
i~e
ī~ē
o~u
ō~ū
a~e
ā~ē
a~o
ā~ō
a~ā
e~ē
i~ī
o~ō
u~ū

Pillai score
.6204
.3206
.3054
.4315
.7905
.7332
.7156
.7040
.0844
.1142
.0010
.0971
.0345

Among the pairs of long and short vowels, the smallest difference in distributions is
observed in the /i~ī/ pair (Pillai = .0010); the /e~ē/ pair shows the highest difference between
distributions of the pairs we might otherwise hypothesize to be ‘identical’ (Pillai = .1142). It is
notable that the /a~ā/ pair (Pillai = .0844) is less different than both /e~ē/ (Pillai = .1142) and /o~ō/
(Pillai = .0971), indicating that perhaps the difference in /a~ā/ reported by Parker Jones (2018)
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may not be the largest quality difference between long and short vowels, at least in the present
sample of speakers.

4.3 Short monophthongs
4.3.1 Trajectories

Figure 4.2. Mean trajectories of the short monophthongs. All speakers together, normalized,
for all tokens with primary or secondary stress. Excludes directionals and pronouns.
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Table 4.3. Number of tokens in each vowel category comprising the means in Figure 4.2.
Vowel

a

e

i

o

u

# Tokens

2074

889

1095

1330

597

Figure 4.2 depicts the trajectories of the short monophthongs in F1/F2 space. The relatively
minor movement that they show over time reflects the tongue traveling first toward a target and
then away from it as sequences of consonants and vowels are articulated.
As illustrated by Figure 4.2, one consistent, automatic way to obtain the most peripheral
target points of these trajectories is to rely on certain maximum and minimum points. As explained
in Chapter 3.8.5, for /a/, the lowest point in articulation is the target, and this point corresponds
with the F1 maximum. For /e/ and /i/, the farthest front point is the target, or the F2 maximum. For
/o/ and /u/, the farthest back point is the target, or the F2 minimum.

4.3.2 Stress
Figure 4.3 shows the short monophthongs, separated into groups based on stress. To test
whether within-vowel stress differences were significant in this dataset, a series of linear mixedeffects models was constructed. Two models, one predicting F1 and the other F2, were constructed
for each of the five short vowel phonemes, yielding a total of ten models. Stress and word
frequency10 were entered as fixed effects in all ten models. The three levels for stress – primary,
secondary, and unstressed – were contrast coded, and the normalized frequency was logtransformed. In addition, several variables were entered as random intercepts: previous consonant,
following consonant, previous vowel, following vowel, word, and speaker. In none of the models
did the fixed effect of word frequency reach significance. Full output summaries of each of these
models can be found in Appendix B.
10

Frequencies were obtained from Brockway (2021), who calculated them based on Kaniʻāina transcriptions of the
first 40 episodes of KLH.
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Figure 4.3. Short monophthongs by stress. Means plus ellipses including 67% of data within
that group. All speakers together, normalized. Excludes directionals and pronouns.
Table 4.4. Number of tokens in each vowel category comprising the means in Figure 4.3.

# Tokens

Vowel
Primary stress
Secondary stress
Unstressed

a
1720
354
2400

e
827
62
1667

i
1040
55
1066

o
1048
282
1013
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u
553
44
496

Estimated marginal means (EMM) were obtained for the stress variable using the
emmeans package in R (Lenth 2020). EMM represent the predicted means for each level of a
variable while holding the other variables constant; that is, they reveal the effect of a particular
variable while simultaneously accounting for the other variables in the model. Pairwise
comparisons were conducted for all combinations of stresses, with p-values adjusted using
Bonferroni correction. These pairwise comparisons were run regardless of the significance of the
variable ‘stress’ in each linear mixed effects model.
In the model predicting F1 in /u/, a singular fit error resulted. The effect of following vowel
in the full model was found to account for none of the variance in the dataset. Following vowel
was therefore removed from consideration in the model.
The vowel /a/ exhibits acoustic differences between stress types in both the F1 and F2
dimensions (Table 4.5). In F1, there is no significant difference between primary and secondary
stressed tokens. Compared to unstressed /a/, both primary stressed /a/ (β=85.92, p<.0001) and
secondary stressed /a/ (β=87.03, p<.0001) exhibit a significantly higher F1. In terms of articulatory
height, this observation means that primary and secondary stressed /a/ pattern together and are
produced lower in the vowel space than unstressed /a/. This result is consistent with previous
observations that unstressed /a/ may be produced less peripherally than stressed /a/ (Parker Jones
2018).
Table 4.5. Pairwise comparisons of stresses within /a/ for both F1 and F2. Shaded contrasts
reach significance at p<0.05.
F1
a
F2

Contrast
primary – secondary
primary – unstressed
secondary – unstressed
primary – secondary
primary – unstressed
secondary – unstressed

Estimate (Hz)
-1.11
85.92
87.03
38.43
-7.06
-45.50

123

SE
10.37
7.08
10.60
11.85
8.11
12.10

t-ratio
-0.107
12.132
8.210
3.244
-0.870
-3.761

p-value
1.0000
<.0001
<.0001
0.0035
1.0000
.0005

In terms of F2, there is a significant difference between primary stressed /a/ and secondary
stressed /a/ (β=38.43, p=.0035), with primary stressed /a/ having an increased F2. Secondary
stressed /a/ has a significantly decreased F2 compared to unstressed /a/ (β=-45.50, p=.0005), while
no significant F2 difference is obtained between primary and unstressed tokens. In terms of
articulation, this result indicates that primary stress and unstressed tokens pattern similarly in
backness, while secondary stressed /a/ is produced farther back in the vowel space. This result is
not necessarily expected, and is the only pairwise comparison of all of the short vowel stress pairs
to indicate a significant difference between primary and secondary stressed tokens. Further
research into this result may be warranted, especially with datasets that take into account a more
balanced sample of tokens than are available here. As illustrated in Table 4.4, far fewer secondary
stressed tokens are present in this dataset compared to either primary or unstressed ones.
Table 4.6. Pairwise comparisons of stresses within /e/ for both F1 and F2. Shaded contrast
reaches significance at p<0.05.

F1
e
F2

Contrast
primary – secondary
primary – unstressed
secondary – unstressed
primary – secondary
primary – unstressed
secondary – unstressed

Estimate (Hz)
20.20
15.29
-4.91
17.37
9.10
-8.27

SE
10.03
5.53
10.36
28.1
16.6
29.6

t-ratio
2.014
2.766
-0.474
0.618
0.548
-0.279

p-value
0.1327
0.0176
1.0000
1.0000
1.0000
1.0000

Table 4.7. Pairwise comparisons of stresses within /i/ for both F1 and F2. Shaded contrast
reaches significance at p<0.05.

F1
i
F2

Contrast
primary – secondary
primary – unstressed
secondary – unstressed
primary – secondary
primary – unstressed
secondary – unstressed

Estimate (Hz)
3.93
-7.31
-11.24
3.63
46.32
42.68

SE
5.92
3.11
6.34
27.2
14.5
29.2

t-ratio
0.665
-2.350
-1.774
0.133
3.204
1.461

p-value
1.0000
0.0580
0.2286
1.0000
0.0044
0.4329

The vowel /e/ exhibits a significant difference between primary and unstressed tokens in
the F1 dimension (β=15.29, p=.0176), with primary tokens having a higher F1. No other pairwise
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comparisons in either F1 or F2 reach significance (Table 4.6). This result indicates that unstressed
/e/ is on average slightly raised (higher) than primary stressed /e/.
The vowel /i/ exhibits a significant difference between primary and unstressed tokens in
the F2 dimension (β=46.32, p=.0044), with primary tokens having a higher F2. No other pairwise
comparisons in either F1 or F2 reach significance (Table 4.7). Articulatorily, this result indicates
that unstressed /i/ may be on average slightly backer than primary stressed /i/. The small difference
in F1 between primary and unstressed /i/ (β=-7.31, p=.0580) almost reached significance at p<.05.
The vowel /o/ exhibits a significant pairwise F1 difference between primary stressed and
unstressed tokens (β=14.43, p=.0492), with primary stressed tokens having a higher F1 (Table
4.8). In F2, a significant difference between primary and unstressed tokens was obtained (β=-35.9,
p=.0058), with primary tokens having a lower F2. Secondary stressed tokens were also lower in
F2 than unstressed /o/ (β=-54.3, p=.0043). Articulatorily, this result indicates that unstressed /o/ is
on average slightly fronter, or more centralized, than both primary and secondary stressed /o/.
Table 4.8. Pairwise comparisons of stresses within /o/ for both F1 and F2. Shaded contrasts
reach significance at p<0.05.

F1
o
F2

Contrast
primary – secondary
primary – unstressed
secondary – unstressed
primary – secondary
primary – unstressed
secondary – unstressed

Estimate (Hz)
7.01
14.43
7.43
18.4
-35.9
-54.3

SE
8.47
6.00
8.94
16.1
11.5
17.0

t-ratio
0.828
2.407
0.830
1.140
-3.109
-3.197

p-value
1.0000
0.0492
1.0000
0.7638
0.0058
0.0043

Table 4.9. Pairwise comparisons of stresses within /u/ for both F1 and F2. No contrasts reach
significance at p<0.05.

F1
u
F2

Contrast
primary – secondary
primary – unstressed
secondary – unstressed
primary – secondary
primary – unstressed
secondary – unstressed

Estimate (Hz)
7.01
-5.33
-12.33
-11.01
6.66
17.67
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SE
8.05
5.09
8.48
32.3
21.4
34.8

t-ratio
0.871
-1.046
-1.455
-0.341
0.311
0.507

p-value
1.0000
0.8887
0.4383
1.0000
1.0000
1.0000

The vowel /u/ exhibits no significant pairwise differences in stress in either the F1 or F2 or
dimensions, indicating that little stress-based variation may exist in this vowel (Table 4.9).
Overall, the main findings concerning stress are as follows: unstressed tokens of /a/ are
produced higher in the vowel space than primary or secondary stressed /a/; unstressed /e/ are
produced higher than their primary stressed counterparts; unstressed /i/ are produced farther back
than their primary counterparts; unstressed /o/ are produced higher than primary stressed /o/ and
farther front than either primary or secondary /o/; and /u/ exhibits no significant stress-based
differences.

4.3.3 Effects of consonants
As mentioned in Chapter 4.3.1, preceding and following consonants often have an effect
on the trajectory of a vowel in F1/F2 space due to coarticulation that occurs when the vocal
apparatus moves from articulating one sound to articulating another sound. In addition, consonant
effects can often be observed not only in the trajectory, but in the target of the vowel itself. This
section deals with the effects of preceding and following consonants on the target points of short
monophthongs in the same dataset as investigated in Chapter 4.3.2.
Each of the ten linear mixed effects models run in Chapter 4.3.2 to investigate the effects
of stress in short monophthongs included random intercepts of previous and following consonant.
In addition to being able to test pairwise comparisons between stresses, these models also output
coefficients for each level of the random effects tested. These coefficients, when plotted together
with their confidence intervals in sjPlot (Lüdecke 2021), point to patterns in how vowels behave
in the context of particular consonants.
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In Figures 4.4–4.13, a distribution whose center is below zero (bar with a red dot) indicates
a context exhibiting on average lower Hz measurements than the grand mean of observations for
that formant and for that vowel, while those above zero (bar with a blue dot) have higher Hz
measurements than the grand mean. The bars that denote the distributions surrounding the dots
show 95% confidence intervals. Therefore, whether or not they overlap with the zero point
indicates a rough measure of significance: a distribution whose whole range is very far from the 0
point is likely to indicate a notable consonantal effect away from the mean. However, confidence
intervals can be difficult to interpret (see O’Brien and Yi 2016). The visual inspection undertaken
in this section is not a substitute for targeted hypothesis testing with more precise quantitative
methods (such as that undertaken in Chapter 4.3.4). However, the analysis presented herein may
help to direct future research.

4.3.3.1 /a/
Figure 4.4 shows the coefficients of the random intercepts of preceding and following
consonant in the model predicting the F1 of /a/. Preceding /w/11, /p/, and /n/ notably reduce the F1
of /a/, while a preceding silence, /ʔ/, and /h/ may increase F1. A following /w/ or /m/ may reduce
the F1 of /a/, while a following /ʔ/ or /h/ may increase it.
Figure 4.5 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F2 of /a/. A preceding /w/, /p/, and /m/ condition a lower F2,
while a preceding /n/ condition a higher F2. A following /w/ conditions a lower F2, while a
following /n/ conditions a higher F2.

11

Note that /w/ often arises as [v] in Hawaiian.
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Figure 4.4. F1 of /a/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a lower vowel and the left
side indicates a higher vowel.

Figure 4.5. F2 of /a/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a fronter vowel and the left
side indicates a backer vowel.
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4.3.3.2 /e/

Figure 4.6. F1 of /e/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a lower vowel and the left
side indicates a higher vowel.

Figure 4.7. F2 of /e/: Coefficients of random effects of previous and following consonant, with
95% confidence intervals. The right side of the x-axis indicates a fronter vowel and the left side
indicates a backer vowel.
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Figure 4.6 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F1 of /e/. A preceding /k/, and /n/ to a lesser extent, condition a
reduced F1, while a preceding /ʔ/ conditions an increased F1. A following /k/, and /n/ to a lesser
extent, condition a reduced F1, while a following /ʔ/ conditions an increased F1.
Figure 4.7 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F2 of /e/. Preceding /w/ and /p/ condition a decreased F2, while
a preceding /n/ and /k/ condition an increased F2. Following /w/, /p/, and /m/ condition a decreased
F2, while a following /n/ and /k/ condition an increased F2.

4.3.3.3 /i/

Figure 4.8. F1 of /i/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a lower vowel and the left
side indicates a higher vowel.
Figure 4.8 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F1 of /i/. Preceding /k/ conditions a decreased F1, while
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preceding /ʔ/ conditions an increased F1. Following /k/ conditions a decreased F1, while following
/ʔ/ and /n/ condition an increased F1.
Figure 4.9 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F2 of /i/. Preceding /w/ and /p/ condition a decreased F2, while
a previous silence conditions an increased F2. A following /k/ conditions an increased F2.

Figure 4.9. Coefficients (Hz) of random effects of previous and following consonant, with 95%
confidence intervals. The right side of the x-axis indicates a fronter vowel and the left side
indicates a backer vowel.
4.3.3.4 /o/
Figure 4.10 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F1 of /o/. Preceding /n/ conditions decreased F1, while a
preceding /ʔ/ conditions an increased F1. Following /ʔ/ conditions an increased F1.
Figure 4.11 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F2 of /o/. Preceding /p/ and silence conditions decreased F2,
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while preceding /l/ or /n/ conditions an increased F2. Following /k/ may slightly decrease F2, while
following /l/ and /n/ condition an increased F2.

Figure 4.10. Coefficients (Hz) of random effects of previous and following consonant, with 95%
confidence intervals. The right side of the x-axis indicates a lower vowel and the left side
indicates a higher vowel.

Figure 4.11. F2 of /o/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a fronter vowel and the left
side indicates a backer vowel.
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4.3.3.5 /u/
Figure 4.12 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F1 of /u/. A following /p/ may condition a decreased F1, while
a following glottal stop conditions an increased F1. In order to avoid a sinuglar fit in this model,
not that following vowel had to be removed as a random effect (see Chapter 4.3.2).
Figure 4.13 shows the coefficients of the random intercepts of preceding and following
consonant in the model fit for the F2 of /u/. A preceding silence conditions a decreased F2, while
a preceding /n/ or /l/ conditions an increased F2. A following /n/ conditions an increased F2.

Figure 4.12. F1 of /u/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a lower vowel and the left
side indicates a higher vowel.
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Figure 4.13. F2 of /u/: Coefficients (Hz) of random effects of previous and following consonant,
with 95% confidence intervals. The right side of the x-axis indicates a fronter vowel and the left
side indicates a backer vowel.

4.3.3.6 Summary
Table 4.10. Notable preceding (top rows) and following (bottom rows) consonant effects
observed on the F1 and F2 of the short vowels. Hashes (#) indicate a following or preceding
silence.
Vowel
a
e
i

F1 reduced in…
wa, pa, na
aw, am
ke, ne
ek, en
ki
ik

o

no

u

up

F1 increased in…
#a, ʻa, ha
aʻ, ah
ʻe
eʻ
ʻi
iʻ, in
ʻo
oʻ

F2 reduced in…
wa, pa, ma
aw
we, pe
ew, ep, em

uʻ

#u

wi, pi
po, #o
ok

F2 increased in…
na
an
ne, ke
en, ek
#i
ik
lo, no
ol, on
nu, lu
un

Table 4.10 summarizes the notable consonant effects observed from a visual inspection of
the coefficients presented in Chapter 4.3.3. Overall, it appears that adjacency to the labial
consonants /w/, /p/, and /m/ corresponds, to varying degrees, with lower F2 values in /a/, /e/, /i/,
and /o/, and also corresponds with lower F1 in /a/. Adjacency to /n/ corresponds to higher F2 in
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/a/, /e/, /o/, and /u/, and adjacency to /l/ corresponds to higher F2 in /o/ and /u/. Adjacency to the
velar consonant /k/ corresponds to lower F1 and higher F2 in /e/ and /i/. Adjacency to /ʔ/
corresponds to higher F1 in all vowels, while adjacency to /h/ also corresponds with higher F1 in
/a/.

4.3.4 A closer look at /e/ and /o/
4.3.4.1 Effects of /l/ and /n/
While Parker Jones (2018) consistently uses the IPA symbol [e] rather than [ɛ] to describe
/e/, Schütz et al. (2005: xv) report, “Sometimes (but not always) even an accented e has the ‘bet’
[ɛ] sound when it is next to an l or n, as in the words hele ‘go’, mele ‘song’, or kenikeni ‘ten cents’.”
Their only other description of /e/ says that it is “e as in bet” (xii), so it is unclear what they mean
by the vowel going from being pronounced like ‘bet’ to being pronounced like ‘bet’ (the identical
example word). Newbrand (1951: 9) states of /e/ that “where it occurs contiguous to /l/ and /n/, it
is often [ɛ].”
In the previous section, Figure 4.6 shows that a preceding or following /n/ may condition
a decrease in the F1 of /e/, while a preceding or following /l/ may condition a small increase in F1:
that is, /n/ is observed to slightly raise /e/ articulatorily, while /l/ may lower it slightly. Figure 4.7
shows that both preceding and following /n/ conditions an increase in F2. The 95% confidence
intervals surrounding the coefficients for preceding and following /l/ both overlap with zero; a
preceding /l/ trends toward increasing the F2 of /e/, while a following /e/ trends toward decreasing
F2. That is, while /n/ notably conditions the fronting of an /e/ in direct contact, /l/ may have little
effect on F2. These results are at odds with the observations of Newbrand (1951) and Schütz et al.
(2005), whose description would lead one to expect salient differences in these contexts.
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On the other hand, Schütz et al. (2005) mention no variation in /o/ pronunciation, except
to say that it changes little between stress groups, and that word-final final /i, e/ and /o, u/ are
difficult to distinguish for English speakers. Newbrand (1951) also notes no particular differences
for /o/ near /l/ or /n/, mentioning only that it is sometimes unrounded to [ɤ] in some instances of
ona (‘his/hers/its’) and ‘ohe (‘none’). Figure 4.11, however, indicates that both preceding and
following /n/ and /l/ notably increase the F2 of /o/ compared to other consonants, and Figure 4.9
indicates that a preceding /n/ may decrease the F1 of /o/.
In order to visualize the magnitude of the effects of surrounding consonants on these two
vowels, Figure 4.14 plots /e/ and /o/ together and compares how preceding and following /n/ and
/l/ condition these two vowels compared to other consonantal conditions. This plot includes only
primary and secondary stressed /e/ and /o/ tokens. The mean and ellipse marked here as ne
therefore represent the stressed vowels in words such as nele, neʻe, ʻenemi; le represents the
stressed syllables in words like lele, hele, ʻōlelo; and Ce represnts all other preceding consonant
contexts, such as ʻōpelu, wehe, pepa. Words in the no class include noho, noʻonoʻo, and nonanona;
lo includes words like lole, aloha, and loko; Co represents words like maopopo, poʻe, poho.
Similarly, en represents stressed /e/ in words like hīmeni, ʻupena, pena; el represents words like
pele, hele, mele; and eC represnts words like lepo, hewa, ʻemi. The on group includes words like
hohonu, ʻoni, kūpono; ol includes hauʻoli, hola, and ʻole; oC includes words like kope, komo, hoʻi.
Even though Schütz et al. (2005) specifically mention variation in /e/ around these
consonants and do not mention their effect on /o/, a greater magnitude of variation is evident in
/o/. It is apparent here that while there is some centralization of /e/ tokens in the context of /l/, the
centralization of /o/ when preceded by /l/ is just as notable. In addition, /n/ does not seem to
condition centralization of /e/, while it has a major effect on /o/. Further work is necessary to
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untangle exactly why this result was obtained. It could be due to inter-speaker differences, either
within the sample set of this dissertation or between the speech of these mānaleo and the type of
Hawaiian described by Schütz et al. (2005) (a detail which they do not specify). Another possibility
is that the effect of /l/ or /n/ on /e/ is for some reason more salient to listeners than effects on /o/.

Figure 4.14. /e/ and /o/ by preceding consonant (top) and following consonant (bottom).
Means plus ellipses including 67% of data within that group. All speakers together,
normalized, primary and secondary stressed tokens.
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Table 4.11. Number of tokens represented by the means and ellipses in Figure 4.14.
Group

eC

el

en

oC

ol

on

Ce

Co

le

lo

ne

no

# Tokens

192

592

105

1050

186

94

682

960

142

245

65

125

4.3.4.2 Word-final comparisons with /i/ and /u/
Schütz et al. (2005: xv) seem to describe a process by which the /i e/ and /o u/ pairs sound
like they become closer in quality in word-final, unstressed position compared to their stressed
counterparts:
It is often difficult for English speakers to hear the difference between final (and
unaccented) -i, -e and -o, -u when the preceding vowel isn’t /a/. One must listen
carefully to hear the difference between the following words:
lohi
moi
kui
lai

slow
threadfish
needle
kind of fish

vs.
vs.
vs.
vs.

lohe
moe
kue
lae

hear
sleep
kind of fishook
forehead

Since Schütz et al. (2005) couch these observations in terms of difficulty for English speakers to
perceive rather than any particular salience among Hawaiian speakers, confirming their specific
claim is technically not possible with acoustic data alone: in order to test whether these differences
are in fact perceptibly different to Hawaiian speakers, a perception experiment would be necessary.
However, the source of this confusion could conceivably be due to differences in acoustic quality.
Setting aside for now the issue of vowels in direct contact (which make up the majority of their
minimal pair examples) we can investigate this phenomenon more closely.
Figure 4.15 compares primary stressed tokens of /i, e, o, u/ to their unstressed, word-final
counterparts. For these plots, any tokens with a preceding /a/ or /ā/ vowel were excluded; removing
these tokens or keeping them in, however, made very little difference in the plots or statistical
outcomes. This finding indicates that, pace the observations of Schutz et al. (2005), these vowels
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are no more or less distinct when preceded by /a/. These data are therefore further explored here
with refernece to differences in stress and position.
Table 4.12 shows Pillai scores for relevant pairs of distributions in Figure 4.15. There is
greater distance – and thus less overlap – between primary stressed vs. unstressed and word-final
/e/ (Pillai = .0699) than there is within /i/ (Pillai = .0103). The difference between stress
environments is even lower within /o/ (Pillai = .0024) and within /u/ (Pillai = .0057). There is some
indication, then, that there is more of a difference between primary stressed and unstressed, wordfinal /e/ than there is within other vowels. Figure 4.14 indeed shows that unstressed, word-final /e/
is slightly raised toward /i/.

Figure 4.15. /e/ and /o/ by primary stress (solid line) and unstressed+word final (dotted line).
Means plus ellipses including 67% of data within that group. All speakers together, normalized.
Excludes directionals and pronouns.
Table 4.12. Number of tokens represented by the means and ellipses in Figure 4.15.
Stress
Vowel
# Tokens

Primary stressed and penultimate
e
i
o
u
514
469
601
329

Unstressed and word final
e
i
o
u
1033
654
420
238
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Table 4.13. Pillai scores for pairs of distributions in Figure 4.15.
/e/ primary ~ unstressed
/i/ primary ~ unstressed
/o/ primary ~ unstressed
/u/ primary ~ unstressed
primary /i/ ~ /e/
unstressed /i/ ~ /e/
primary /o/ ~ /u/
unstressed /o/ ~ /u/

Pillai score
.0699
.0105
.0024
.0059
.6367
.3856
.2967
.2307

Table 4.13 also shows Pillai scores for within-stress, between-vowel pairs. There is a much
greater amount of distance between the distributions of primary stressed /i/ and /e/ (Pillai = .6367)
than there is between word-final /i/ and /e/ (Pillai = .3856). The /o/ vs. /u/ difference within primary
stressed (Pillai = .2967) and unstressed, word-final environments (Pillai = .2307) is more similar,
but the direction of the difference is the same: in word-final environments, the two vowels are
slightly less distinct. This result indicates that there is a notable increase in overlap between /i/ and
/e/ in unstressed, word-final position compared to in primary stressed position. The overlap is
much greater in the case of /i/ and /e/ than in the case of /o/ and /u/.
Since both /o/ and /u/ exhibit extremely little movement compared to /e/ and /i/, follow-up
studies could investigate whether perhaps only the raising of /e/ toward /i/ is in fact perceptually
salient for speakers of Hawaiian. It would also be interesting to determine the source of confusion
by English speakers referred to by Schütz et al. (2015).

4.4 Long monophthongs
The following sections describe the trajectories of the long monophthongs as well as the
difference in stress between primary and secondary stressed tokens of these long vowels. For the
comparisons of stress, the same maximum and minimum inflection points are used for the long
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vowels as for their short counterparts: that is, for /ā/, the F1 maximum; for /ē/ and /ī/, the F2
maximum; for /ō/ and /ū/, the F2 minimum.

4.4.1 Trajectories

Figure 4.16. Mean trajectories of the long monophthongs. All speakers together, normalized,
primary and secondary stress. Excludes directionals and pronouns.
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Table 4.14. Number of tokens in each vowel category comprising the means in Figure 4.15.
Vowel

ā

ē

ī

ō

ū

# Tokens

1186

47

134

344

264

Figure 4.16 depicts the trajectories of the long monophthongs in F1 and F2 space. Similar
to the short monophthongs (Figure 4.2), they overall show little movement, though /a/ seems to
have the longest of the trajectories.

4.4.2 Stress
Figure 4.17 shows the long monophthongs, separated by secondary versus primary stress.
Within /ā/, /ō/, and /ū/, there is almost complete overlap between the distributions of primary and
secondary tokens. It appears that the distribution of secondary tokens for /ī/ and /ē/ is slightly
farther back (more centralized) in the vowel space than that of the primary tokens.
Just as with the short vowels in Chapter 4.3.2, to test whether within-vowel stress
differences were signficant in long vowels, a series of linear mixed-effects models was
constructed. The same modeling procedure as in Chapter 4.3.2 was followed.
However, when all of these random effects were entered together, a singular fit error
ocurred in all models except the ones predicting the F1 and F2 of /ā/ and the F2 of /ō/. This error
is probably a symptom of the small token counts for the majority of long vowels (Table 4.15).
Each mixed-effects model was therefore pruned until as many random effects as possible were
included without obtaining any convergence errors. The effects that ended up being entered into
each model differed; full information for each model is available in Appendix C.
To obtain significance values, the same method was carried out as in Chapter 4.3.2, with
estimated marginal means obtained for the stress variable for each long vowel and pairwise
comparisons conducted for all combinations of stresses, and with p-values adjusted using

142

Bonferroni correction. No significant pairwise differences were obtained in either F1 or F2 in any
of the models, indicating that at least for the relatively small number of primary and secondary
stressed long vowel tokens investigated here, there was no significant stress-based variation in
F1/F2 space.

Figure 4.17. Long monophthongs by stress. Means plus ellipses including 67% of data within
that group. All speakers together, normalized. Excludes directionals and pronouns.
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Table 4.15. Number of tokens in each vowel category comprising the means in Figure 4.17.
Stress

Primary

Secondary

Vowel

ā

ē

ī

ō

ū

ā

ē

ī

ō

ū

# Tokens

457

31

27

104

62

729

16

107

240

202

4.5 Discussion
This chapter has presented vowel space visualizations of the monophthongs of Hawaiian,
describing the relative location of the long and short vowels (Chapter 4.2) as well as several aspects
of variation within each vowel class: how their pronunciations change over the course of their
trajectories (Chapter 4.3.1, Chapter 4.4.1), in different stress environments (Chapter 4.3.2, Chapter
4.4.2), and in contact with consonants (Chapter 4.3.3). Following previous claims of particularly
salient variation in /e/ and /o/, special care has been taken to analyze how these vowels are
pronounced when they are in contact with /l/ and /n/ (Chapter 4.3.4.1), as well as how they behave
in word-final, unstressed position (Chapter 4.3.4.2).

4.5.1 Short and long monophthongs
Previous descriptions of Hawaiian have notated the five short monophthongs as /a, e, i, o,
u/, and have described the five long monophthongs as being largely equivalent in quality to the
short ones and mainly distinguished in terms of duration (Schütz et al. 2005). However, Parker
Jones (2018), in his acoustic analysis of one speaker, noted that /ā/ is lower than /a/ in the vowel
space. Due to a paucity of tokens, he was unable to explore differences between the other pairs of
vowels.
Within this sample of speakers, the long vowels are all found to be located in more
peripheral locations in the vowel space compared to their short counterparts, and most pairs of
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long and short vowels are found to be quite similar in quality. That is, compared to short /u, o/ the
long counterparts /ū, ō/ are farther back; compared to short /i, e/, the long counterparts /ī, ē/ are
farther front; and compared to short /a/, the long counterpart /ā/ is lower. The data presented in this
dissertation thus confirm Parker Jones’ observation of more peripheral /ā/. This finding is also
consistent with cross-linguistic trends for long vowels to be more peripheral than short ones
(Lehiste 1970, Johnson & Martin 2001).
However, a particularly notable finding is that the difference between /ē/ and /e/ is much
greater than the difference between the other pairs of long and short vowels; /ē/ is extremely raised
and fronted toward /i/. The /i~ī/ pair, for instance, exhibits an extremely low Pillai score of .0011,
reflecting a very low difference between the two categories in F1/F2 space, while the /e~ē/ pair
exhibits a much higher Pillai score of .1149, indicating a much larger distinction in quality. Other
long/short pairs fall between these extremes, with Pillai scores of .0835 for /a~ā/, .0903 for /o~ō/,
and .0335 for /u~ū/.
In addition, it appears that the trajectory of /ē/ is not as straightforward as those of the other
vowels, as it achieves its most peripheral, maximum F2 position at the beginning rather than in the
middle of its trajectory (Figure 4.16). This unexpected trajectory may be an artifact of /ē/ having
the smallest token numbers in this data sample. The vast majority of /ē/ tokens in Hawaiian are in
the demonstratives kēia (‘this’) and kēlā (‘that’) (as in other Polynesian languages such as Māori,
see Maclagan et al. 2005), and these words were excluded from analysis in the present dissertation.

4.5.2 Pairwise differences and inflection point identification
Relatively low Pillai scores, and thus large amounts of overlap, are found in the vowel pairs
/o~u/ (Pillai = .3076), /ō~ū/ (Pillai = .4233), and /ī~ē/ (Pillai = .3205) (Figure 4.1, Table 4.2).
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These pairs show a much higher degree of similarity compared to, for instance, the /i~e/ (Pillai =
.6162) or /a~o/ (Pillai = .7030) pairs.
The method employed in this dissertation to automatically identify inflection points may
account for a certain amount of the higher pairwise differences between /a/ and /ā/ and other vowels
than in other pairs: because the maximum F2 point was identified for /i, ī, e, ē/ and because the
minimum F2 point was identified for /o, ō, u, ū/ as opposed to the maximum F1 for /a, ā/, the
measurements could be argued to not be directly comparable to each other.
Figure 4.2 illustrates the mean trajectories of the short monophthongs. The definitions
employed to identify the inflection point of each vowel do seem to have captured their most
extreme location in the vowel space. However, intriguingly, it also appears that defining the
inflection point as the F1 maximum would have also approximated the inflection point of each of
these trajectories: the point of F2 maximum is nearly equivalent to the F1 maximum in /i, e/, and
the point of F2 minimum is also nearly equivalent to the F1 maximum in /u, o/. A potential case
could therefore be made that relying on F1 maximum points for all vowels would accomplish the
same goal of identifying the inflection point while also allowing for more consistency in betweenvowel comparisons.
Figure 4.16, depicting the mean trajectories of the long vowels, tells a slightly more
complicated story. While the maximum F1 and minimum F2 points are identical for /ū/, it appears
that minimum F2 is more reflective of the most extreme point of /ō/ than maximum F1. In
particular, though, it appears that the inflection point for /ē/ is not, in fact, at the location of its
most extreme point in the vowel space. Instead, the beginning point of /ē/ is at its maximum F2
point; the vowel then descends and goes back slightly in the vowel space before continuing up and

146

back. It seems to make its ‘turn’ – the inflection point – at its F1 maximum. This begs the question:
could F1 maximum perhaps be a better definition for the inflection point of /ē/?
There are several reasons why I stand by the inflection points as originally defined here.
First, there were only 47 tokens of /ē/ obtained for this dissertation, a much lower number than for
any other monophthong. This paucity of tokens raises the likelihood that perhaps the sample here
is not representative of the actual behavior of /ē/. Second, the comparisons that exhibit the most
interesting results – those within the /i, ī, e, ē/ set – involve vowels all measured at the F2
maximum, meaning that their measurements are highly comparable; the dramatic difference in
Pillai scores obtained for the /i~e/ (Pillai = .6162) and /ī~ē/ pairs (Pillai = .3205) thus cannot be
due to differences in measurement location along the trajectory. Third, Figure 4.16 indicates that
/ē/ in particular has a very short trajectory that changes very little in terms of F1. Utilizing a
different location for selecting the inflection point, such as F1 maximum or midpoint, would make
very little difference in the comparison between /e/ and /ē/ since their entire trajectories, not just
their inflection points, are far apart in the vowel space. Finally, in a separate comparison analysis
utilizing midpoints rather than inflection points, similar plots and Pillai scores were obtained as
for the inflection point data.

4.5.3 Stress
In terms of stress, the short monophthongs exhibit less peripheral pronunciations in
unstressed compared to stressed positions, except for /u/, which does not exhibit differentiation by
stress, and /e/, which exhibits raising of unstressed tokens (Figure 4.3). These findings are mostly
consistent with crosslinguistic observations that unstressed vowels tend to be pronounced in less
peripheral, and therefore more centralized, locations than their stressed counterparts (Lindblom
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1963, Gordon & Applebaum 2010). The exception here is /e/, which seems to go against this trend
and instead exhibits a more peripheral pronunciation when unstressed.
Newbrand (1951: 10) reports that “in an unstressed final position, the phoneme approaches
the /i/ phoneme,” indicating raising in at least a subset of unstressed /e/. Schütz et al. (2005: xv)
report that in unstressed syllables, “although o seems to change little, e becomes more like the
vowel in bet, i like the vowel in bit, and u like the vowel in book.” This seems to be describing the
centralization or lowering of vowels in unstressed position, but the claim regarding /e/ is unclear
since Schütz et al. (2005) also define the default pronunciation of /e/ as being that of English ‘bet’.
Upon closer inspection (Chapter 4.3.4.2), it appears that /e/ indeed raises toward /i/ in unstressed,
final position, confirming the observations of Newbrand (1951). A very small amount of lowering
is observed in /u/ toward /o/ in unstressed, final position, though this may not comprise a
meaningful difference in terms of vowel perception.
Unstressed /a/ is found to be higher – that is, more central and less peripheral in the vowel
space – than primary or secondary stressed /a/. Though Parker Jones (2018) explored the
possibility of /a/ centralizing when unstressed, he did not find a significant difference between
these contexts in his smaller data sample. He did, however, find a significant difference between
content and function words as a proxy for word frequency. Though no significant main effect of
word frequency was obtained in any of the models run on the data reported here, this may be due
to the fact that most of the words in Hawaiian with the highest token frequencies – articles,
particles, function words, demonstratives, interrogatives, pronouns, directionals, mea (‘thing’),
manawa (‘time’), and several words identified by Kinney (1956) as diverging from their written
forms – were excluded from consideration in Chapter 4. Future research that includes some or all
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of these words may uncover more robust frequency effects, or effects of content versus other types
of words (as is later investigated for diphthongs in Chapter 5).

4.5.4 Adjacent consonants
Adjacency to the labial consonants /w/, /p/, and /m/ is found to condition backer
productions of /a/, /e/, /i/, and /o/, as well as higher productions of /a/. Adjacency to /n/ conditions
fronter productions of /a/, /e/, /o/, and /u/; adjacency to /l/ conditions fronter productions of /o/ and
/u/. These results are consistent with cross-linguistic findings that labial consonants condition
backer vowel productions and alveolar consonants like /n/ condition fronter vowel productions (cf.
Krull 1989, Strange et al. 2007). Stevens (1999: 343, 354, 357) confirms that lower F1 and F2 –
that is, higher and backer realizations – occur when vowels are in contact with labial consonants,
and that higher F2 – that is, fronter realizations – occur when vowels are in contact with alveolar
consonants.
Though Schütz et al. (2005) call attention to the particular issue of /e/ in the presence of /n/
and /l/, once again their description is problematic because they describe every variation of /e/ as
being the same sound as the English ‘bet’. Newbrand (1951) more clearly identifies these
allophones as [ɛ]. However, Chapter 4.3.4.1 finds that a surrounding /n/ has little consistent effect
on /e/, while both a preceding and following /l/ condition only slightly backer realizations of /e/.
Adjacency to the velar consonant /k/ conditions higher and fronter pronunciations of /e/
and /i/. This finding is expected from an acoustic standpoint, as the constriction that results from
producing a velar consonant has been found to create the conditions for a lower F1 and higher F2
in surrounding vowels (Stevens 1999: 335, 366, 367, 373).
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Adjacency to /ʔ/ conditions lower pronunciations of all vowels, while adjacency to /h/ also
conditions lower pronunciations of /a/. While these consonants often affect the voice quality of the
surrounding vowels and make them creaky or breathy, /h/ and /ʔ/ require no tongue movement, so
the vowels surrounding them might not be expected to be affected in terms of tongue position, the
main correlate of F1/F2 (Stevens 1999: 436). Indeed, it has been found that laryngeal consonants
have little coarticulatory effect on the F1 and F2 of surrounding schwa-like vowels in Northern
Chinese (Traunmüller 1999). However, Cabanlit (2018) reports that in Cebuano (a MalayoPolynesian language, like Hawaiian), /ʔa/ and /ʔi/ are correlated with an increased F1 compared to
/ga/ and /gi/, at least at the onset of the vowel, though not at the midpoint; this finding may,
however, be more indicative of the fact that velar consonants like /g/ tend to lower the F1 of
surrounding vowels.
I intepret the fact that an abutting /ʔ/ or /h/ lowers the vowel /a/ as indicating that these are
contexts which allow for the full lowering of the tongue and thus the most peripheral possible
articulation of /a/, since these consonants do not involve a tongue gesture. Bolstering this analysis
is the fact that a preceding silence also conditions an increased F1 and therefore a lowering of /a/:
surrounding silences involve no tongue movement to or from a consonant and therefore would
allow for the most peripheral articulation of the vowel, which in this case is the lowest point
possible. However, the lowering of the other vowels in the presence of /ʔ/ is less easy to explain,
and should be investigated in future analyses of glottalization in Hawaiian.
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Chapter 5: Diphthongs and vowel-on-vowel effects
5.1 Overview
This chapter investigates the coarticulatory effects of vowels on each other. This
investigation examines two primary contexts: between syllables, where a vowel in one syllable
may have an effect on a short monophthong in a neighboring syllable; and within syllables, where
diphthongs are comprised of two vowel targets. Diphthongs and other vowel-on-vowel effects
appear together in this chapter because, following the phonological analyses of Schütz (1981) and
Rehg (2007), the diphthongs of Hawaiian may be described as combinations of individual vowel
units that happen to appear together in a single syllable (see Chapter 2.7).
In Chapter 4, effects of the consonants immediately preceding and following a vowel were
investigated. A series of vowels directly adjacent to each other without an intervening consonant
can also affect each vowel’s pronunciation. However, when vowels are directly adjacent, it is
difficult to assign a boundary to where one vowel ends and the next begins. The difficulty in
accessing acoustic cues to decide on the division of one vowel from another vowel has
repercussions for how single inflection points are automatically measured. As introduced in
Chapter 4, the measurement of a single inflection point relies on the existence of an identifiable
minimum or maximum F1 or F2 within a particular token that corresponds to the most extreme
point in that token’s trajectory. In the case of direct vowel-on-vowel contact, the extreme points
identified by this method will often be close to the vowel-vowel boundary. If a single point is
desired for measurement, the midpoint could potentially be chosen instead; however, this choice
would also be affected by the difficulty in assigning start and end points to vowels in contact with
other vowels. For these reasons, vowels in contact with other vowels will continue to be excluded
from the data considered in this chapter.
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Chapter 5.2 explores the effect of vowels on the pronunciation of the short monophthongs,
presenting vowel-on-vowel effects as output by the linear mixed effects model described in
Chapter 4.3.2 (see Appendix B for full summaries). Chapter 5.3 shows the trajectories of the short
diphthongs, those comprised of two short vowel units. Chapter 5.4 shows the trajectories of
diphthongs whose first unit is /a/ or /ā/ (what will be referred to as aV and āV diphthongs) and
describes the calculation of trajectory length (TL) and vector length (VL), which can be used to
quantify how monophthongal or diphthongal a vowel trajectory is. Chapter 5.5 explores the
trajectories of /ei/ and /ou/ more closely in relation to the long monophthongs /ē/ and /ō/. Chapter
5.6 takes a closer look at the pronunciation of /a/ in diphthongs (known as aV contexts, as /a/ is
followed directly by another vowel within the same syllable, with no intervening consonant) and
primary-stressed monophthongs (known as aCV contexts, as /a/ is followed by a consonant and a
vowel in a separate syllable). Chapter 5.7 explores differences in trajectories between (lexical)
content words and (functional) pronouns and directionals.

5.2 Effects of surrounding vowels on short monophthongs
In Hawaiian, as in other languages, the pronunciation of a vowel may not only be affected
by the segments in direct contact with it. The vowel that comes before or after another vowel –
even with an intervening consonant – has an effect, as reported by Schütz et al. (2005). This section
investigates the overall effects of following and preceding vowels, with consonants intervening,
on the short monophthongs.
Each of the ten linear mixed effects models built in Chapter 4.3.2 to investigate the effects
of stress in short monophthongs also included random intercepts of previous and following vowel
(except for the model for F1 of /u/, due to singular fit convergence error). These models therefore
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output coefficients for each level of the random effects tested. Figures 5.1–5.10 present the
coefficients for previous and following vowel and their 95% confidence intervals (cf. Figures 4.3–
4.12).
It must be noted that the observations made in Figures 5.1-5.10 cannot be taken as
necessarily indicative of statistically significant effects. Rather, the coefficients shown represent
the amount of ‘leftover’ variance accounted for when all of the other factors in a model are taken
into account. The value of these observations lies in the fact that overall, most of the notable effects
observed are consistent with the expected directions of vowel-on-vowel coarticulation. More
detailed investigation of vowel-on-vowel effects requires relatively large token counts and welldistributed data (i.e. data from lab experiments), which are not necessarily present for all vowel
classes in a sample of natural speech. Chapter 5.6 investigates coarticulatory effects of surrounding
vowels on /a/, which is possible due to the relatively large token counts for this vowel.

5.2.1 /a/
Figure 5.1 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F1 of /a/. The F1 of /a/ notably decreases when /u/ or /i/ is the
previous or following vowel. Preceding /a/ and /ā/ condition an increase in the F1 of /a/. Following
/ei/ appears to decrease F1, while following /au/, /ao/, and /āi/ notably increase F1. These results
indicate that when surrounded by vowels like /u/ and /i/ that are higher than /a/, an /a/ is articulated
higher in the vowel space. When preceded by an /a/ or /ā/, or when a following diphthong begins
with a low vowel, /a/ is articulated lower in the vowel space.
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Figure 5.1. F1 of /a/: Coefficients (Hz) of random effects of previous and following vowel,
with 95% confidence intervals. The right side of the x-axis indicates a lower /a/ and the left
side indicates a higher /a/.
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Figure 5.2. F2 of /a/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a fronter /a/ and the left side
indicates a backer /a/.
Figure 5.2 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F2 of /a/. Preceding /u/ notably reduces the F2 of /a/, as does
preceding /au/ and /ā/ to a lesser extent. Preceding /i/ notably increases F2. Following /ai/, /ao/,
/ō/, and /o/ most notably decrease F2. Following /ī/, /e/, /ei/, and /iu/ notably increase F2. These
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results indicate that surrounding front vowels condition fronter productions of /a/, and backer
vowels condition backer productions of /a/.

5.2.2 /e/

Figure 5.3. F1 of /e/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a lower /e/ and the left side
indicates a higher /e/.
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Figure 5.3 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F1 of /e/. Preceding and following /i/ notably decrease F1, while
a following /a/ notably increases F1. This result indicates that a higher surrounding vowel may
condition a higher /e/ and a lower surrounding vowel may condition lower /e/.

Figure 5.4. F2 of /e/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a fronter /e/ and the left side
indicates a backer /e/.
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Figure 5.4 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F2 of /e/. Preceding /u/ may lower the F2 of /e/, while preceding
/e/ or /i/ may increase it. Following /o/, /ō/, and /ū/ decrease F2, while following /ē/, /ē/, /ēi/, and
/i/ may increase it. These results illustrate the fronting effect of surrounding front vowels and the
backing effect of back vowels on /e/.

5.2.3. /i/
Figure 5.5 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F1 of /i/. A preceding /i/ may lower the F1 of /i/, while a
following /ā/ or /au/, and to a lesser extent /a/, may increase F1. The results in this figure indicate
a general raising effect of surrounding high vowels on /i/ and a lowering effect of surrounding low
vowels on /i/.
Figure 5.6 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F2 of /i/. A preceding /i/ or silence may raise the F2 of /i/, while
a following /ū/ and a preceding /o/ notably decrease F2. These results indicate that surrounding
front vowels may condition fronter productions of /i/, while back vowels may condition backer
productions.
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Figure 5.5. F1 of /i/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a lower /i/ and the left side
indicates a higher /i/.
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Figure 5.6. F2 of /i/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a fronter /i/ and the left side
indicates a backer /i/.

5.2.4. /o/
Figure 5.7 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F1 of /o/. Preceding /u/ and /i/ may lower the F1 of /o/, while
following /o/, and /e/ show an increase in F1. These results indicate that /o/ may be raised when
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close to high vowels. The finding that /o/ may lower in the context of the back vowels /o/ and /e/
is not necessarily expected from an articulatory point of view; however, the effect shown in Figure
5.7 is not a large one, and confidence intervals for the random effect levels of following vowel all
overlap at least a small amount with zero.

Figure 5.7. F1 of /o/: Coefficients (Hz) of random effects of previous and following vowel,
with 95% confidence intervals. The right side of the x-axis indicates a lower /o/ and the left
side indicates a higher /o/.
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Figure 5.8. F2 of /o/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a fronter /o/ and the left side
indicates a backer /o/.
Figure 5.8 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F2 of /o/. Preceding /a/, /o/, and /u/ trend toward decreasing F2
but still have notable overlap with the zero point. Preceding /e/ and /i/ show a notable increase in
F2. Following /o/ notably decreases F2, along with /e/ to a lesser extent, while following /i/ and
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/e/ appear to increase F2. These results indicate that /o/ may be pronounced backer when close to
back vowels and may front when close to front vowels.

5.2.5. /u/

Figure 5.9. F1 of /u/: Coefficients (Hz) of random effects of previous and following vowel,
with 95% confidence intervals. The right side of the x-axis indicates a lower /u/ and the left
side indicates a higher /u/.
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Figure 5.10. F2 of /u/: Coefficients (Hz) of random effects of previous and following vowel, with
95% confidence intervals. The right side of the x-axis indicates a fronter /u/ and the left side
indicates a backer /u/.
Figure 5.9 shows the coefficients of the random intercepts of preceding vowel in the model
predicting the F1 of /u/. The linear mixed effects model that included following vowel had a
singular fit, with following vowel accounting for zero variance in the data; this effect is therefore
exlcuded from the model and no coefficients were output. There is a weak trend observed that

164

preceding /e/ may lower the F1 of /u/, but the confidence interval extends notably past the zero
line.
Figure 5.10 shows the coefficients of the random intercepts of preceding and following
vowel in the model predicting the F2 of /u/. The notable effects are that preceding and following
/e/ may increase the F2 of /u/, as does following /i/ and, to a lesser extent, preceding /i/. This result
indicates that /u/ is pronounced farther front in the vowel space in the presence of front vowels.

5.2.6 Summary
Table 5.1. Notable vowel effects observed on the F1 and F2 of the short vowels. The hash (#)
indicates a following or preceding silence. The top row within each cell indicates effects of
preceding vowels, and the bottom row indicates effects of following vowels.
Vowel
a
e
i
o

F1 reduced in…
iCa, uCa
aCei, aCi, aCu
iCe
eCi
iCi
iCo, uCo

F1 increased in…
aCa, āCa
aCāi, aCao, aCau
aCe
iCa, iCā, iCau
aCo
oCe, oCo

F2 reduced in…
āCa, auCa, uCa
aCai, aCao, aCo, aCō
uCe
eCo, eCō, eCū
oCi
iCū
oCo

u

F2 increased in…
eCa, iCa
aCe, aCei, aCi, aCī, aCiu

eCe, iCe
eCe, eCē, eCēi, eCi
iCi, #(C)i
eCo, iCo
oCe, oCi
iCu, eCu
uCi, uCe

Table 5.1 summarizes the notable vowel effects observed in Chapter 5.2. Chapter 5.8.1
discusses these results in more detail.

5.3 Trajectories of short diphthongs
Figure 5.11 depicts all of the short diphthongs together in the vowel space. These
trajectories, like the ones in the rest of the figures that follow, represent the loess smoothed overall
means of all nine points from 0% to 100% of the way through each token. Data from all speakers
are normalized and plotted together. As in Chapter 4 and in the results presented in Chapter 5.2,
the overall means shown in Fig. 5.11 exclude words in the Kinney 1956-type word set – that is,
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kaikamahine (‘girl’), kaikuaʻana (‘older sibling’), kaikunāne (‘brother’), kaikaina (‘younger
sibling’), kaikuahine (‘sister’), maikaʻi (‘good’), laila (‘there’), and derivative terms like
lokomaikaʻi (‘good-hearted’). However, these data do include pronouns and directionals in the
overall means.

Figure 5.11. Mean trajectories of the short diphthongs. All speakers together, normalized,
primary and secondary stress. Includes directionals and pronouns. Small black letters show
the primary and secondary stressed means of monophthongs for comparison.
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Table 5.2. Number of tokens in each vowel category comprising the means in Figure 5.11.
Vowel

ae

ai

ao

au

ei

eu

iu

oi

ou

# Tokens

186

758

117

504

184

11

21

78

400

Overall, most of the trajectories shown for the short dipthhongs in Figure 5.11 conform to
what would be expected from Parker Jones’ (2018) description of the Hawaiian vowel system. For
the most part, the beginning points of the trajectories and their final ‘target’ points appear close to
their corresponding monophthong vowels, with some exceptions. The lowest points of /ae/ and
/ao/ are close to the mean point of /a/ overall, but are separated from each other in the F2 space.
The highest point of /ae/ is slightly higher than overall /e/, while the highest point of /o/ is lower
than overall /o/. The lowest points of /ai/ and /au/ are much higher than the mean of /a/, and also
start in different F2 locations. These two diphthongs end close to but slightly lower than /i/ and
/u/. The /oi/ diphthong starts slightly front of /o/ and ends close to /i/, and /iu/ starts to the back of
of /i/ and ends to the front of /u/. The diphthong /eu/ appears to start very far back from /e/ and end
fronter than /u/. The lowest points of /ei/ and /ou/ are slightly higher than the mean of /e/ and /o/,
and their end points are very close to /i/ and /u/; these two diphthongs are more closely examined
in Chapter 5.5.
Table 5.2 shows a very large range of sample sizes for each short diphthong. The aV
diphthongs are all observed many times in the dataset: /ai/ has 758 tokens, the most of any
diphthong. On the other hand, there are just 11 tokens of /eu/ and 21 tokens of /iu/ across the whole
dataset, once tokens in direct contact with other vowels are excluded. Because of this paucity of
tokens, the results for /eu/ and /iu/ may not necessarily be as reliable as for the other diphthongs,
and these vowels will not be discussed in detail in the rest of this dissertation.
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5.4 Trajectories of aV and āV diphthongs
Figure 5.12 depicts the aV diphthongs from Figure 5.11, and adds in the long diphthongs
/āi/ and /āu/ for comparison. There were no other long diphthongs besides /āi/ and /āu/ observed
in the dataset overall. For instance, though /ēi/ appears in high frequency kēia (“this”),
demonstratives were excluded from consideration here – and because /ēi/ is in direct contact with
/a/ in this word, such instances would have been filtered out anyway.
The low point of /āi/ is far lower in the vowel space than for any of the other diphthongs,
and appears even lower than the average location of /ā/ overall. Its trajectory ends just below and
behind /i/. On the other hand, /āu/ exhibits a trajectory that starts out well above both /ā/ and /a/,
and ends right at the mean of /u/. This differs from Parker Jones’ (2018) indication that /āu/ should
start in the low center of the vowel space where /ā/ is located, just as he indicates for /āi/.
Table 5.3 shows a very large range of token counts, with only 8 observed for /āu/. A closer
inspection of the data reveals that these are comprised of 1 instance of nāu (“for you”) and 7
instances of kāu (“yours”). On the other hand, all of the 130 tokens of /āi/ are found in the word
ʻāina (‘land’) and derivative terms such as kamaʻāina (‘familiar’) and makaʻāinana (‘commoner’).
As will be explored in Chapter 5.7, research into word frequency has indicated that sounds
appearing in more frequent words may be pronounced in a more reduced manner (Bybee 2004,
2007). This effect is roughly observable in comparisons of content words, which tend to have a
low token frequency, and function words, which tend to have a high frequency. Because all of the
tokens included in the mean measurement of /āu/ are pronouns, reduction may be responsible for
the much shorter, higher trajectory seen here. Chapter 5.7 will consider this possibility in the
context of short diphthongs with larger token counts.
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Figure 5.12. Mean trajectories of aV and āV diphthongs. All speakers together, normalized,
primary and secondary stress. Includes directionals and pronouns. Small black letters show
the primary and secondary stressed means of monophthongs for comparison.
Table 5.3. Number of tokens in each vowel category comprising the means in Figure 5.12.
Vowel

ae

ai

āi

ao

au

āu

# Tokens

186

758

130

117

504

8
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5.4.1 Trajectory length (TL) and vector length (VL)
Some initial questions that can be tentatively addressed by this data involve the relative
lengths of the trajectories of the diphthongs. Do the ‘short’ diphthongs, so named because they are
composed of two short vowel units, actually have shorter trajectories than the ‘long’ diphthongs?
Do the pairs of short diphthongs /ae~ai/ and /ao~au/ have equivalent trajectory lengths?
Complicating this picture are several factors outside the scope of this dissertation,
especially speech rate and duration. Trajectories may be sensitive to duration differences arising
from speech rate, with the tongue having less time to complete its full movement in shorter tokens
compared to longer tokens (Tasko and Greilick 2010). Durations will need to be investigated
further in future work, as they are crucial questions of trajectory length. However, some initial
observations can be made regarding the paths of vowels in F1/F2 space as measured in this dataset.
Fox and Jacewicz (2009) have outlined two measures for calculating the size of a vowel
trajectory, acoustically approximating how far the vowel’s acoustic shape is shifting within the
vowel space; articulatorily, this can be interpreted as a measure of how far the tongue travels over
the course of a particular vowel. Trajectory length (TL) is the sum of the Euclidean distances (in
Hz) between each successive point in the trajectory. Vector length (VL) is the Euclidean distance
(in Hz) between a single point toward the beginning of the trajectory and a single point toward the
end. TL and VL are closely related measurements that both provide information on trajectory size.
The difference lies in the fact that TL is independent of how far apart the start and end points of a
trajectory are; even if the starting and ending points are identical, there can be a large TL value if
there is formant movement between the start and end points. A low VL indicates that a vowel starts
and ends in a similar location, and it ignores tongue movement in between these points. For any
given trajectory, TL is necessarily greater than or equal to VL: the shortest distance travelled
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between point A and point B is a line, and the addition of intermediate points will increase the
distance travelled unless all intermediate points lie precisely along that line.

Figure 5.13. Trajectory length (left) and vector length (right) of aV and āV diphthongs. Dark
dots represent individual token TL or VL. Envelopes depict the full density distribution for
each group. Colored boxes correspond to 95% HDI. Dark bars show group means.
Following Fox and Jacewicz (2009), to calculate TL and VL, the first and last of the nine
measurements for each token were excluded (though note that Figure 5.12 displays the smoothed
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means of all nine measurements). TL was therefore calculated by summing each of the Euclidean
distances between the second, third, fourth, fifth, sixth, seventh, and eighth measurements (12.5%,
25%, 37.5%, 50%, 62.5%, 75%, and 87.5% of the way through each token). VL was calculated by
obtaining the Euclidean distance between the second and eighth measurement points (12.5% and
87.5% of the way through each token). TL was calculated regardless of whether one or more of
the measurements between the second and eighth measurement points was missing. However, if a
particular token did not have a measurement at both the second and eighth points after outlier
exclusions, no VL was calculated for that token, and the token was excluded from both TL and
VL comparisons. Out of 19,186 tokens (the full dataset minus the Kinney 1956 words), 5 tokens
had neither a second nor eighth measurement point available for analysis after exclusions, while
301 lacked either a second or an eighth measurement. A total of 306 (1.6%) of tokens were thus
excluded from VL and TL comparison.
Figure 5.13, a pirate plot produced with the yarrr package in R (Phillips 2017), shows
several pieces of information regarding the TL and VL of the aV and āV diphthongs. Individual
tokens’ TL and VL are plotted as individual dark dots, which are enveloped in a shape depicting
the density of these observations. The colored boxes correspond to the 95% Highest Density
Intervals (HDIs) of the mean of each group. These are generated using Bayesian estimates, and
can be interpreted by stating that there is a 95% probability that a particular group’s mean falls
within the HDI. The dark band inside the HDI is the observed mean of that group.
The TL of /ae/, /ai/, and /āi/ are overall similar, with their 95% HDI overlapping, indicating
that the trajectory of ‘long’ /āi/ is not appreciably longer than its similar ‘short’ counterparts. The
same is true of these vowels’ similar VL. Both the TL and VL of the back diphthong /ao/ appears
to be shorter than that of /au/. This result indicates that /ao/ may be overall less diphthongal than
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/au/. As there are only eight tokens of /āu/, few conclusions can be drawn about its TL and VL. It
appears that the front diphthongs overall have longer TL and VL than the back diphthongs.

5.5 A closer look at /ei/ and /ou/

Figure 5.14. Mean trajectories of selected vowels. All speakers together, normalized, primary
and secondary stress. Includes directionals and pronouns.
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Table 5.4. Number of tokens in each vowel category comprising the means in Figure 5.14.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

47

184

134

344

400

264

Another set of diphthongs that are of particular interest in Hawaiian are /ei/ and /ou/. Schütz
et al. (2005) and NeSmith (2005) point out that these may be difficult for L1 speakers of English
to perceive as distinct from /ē/ and /ō/. Figure 5.14 shows the trajectories of /ei/ and /ou/ in relation
to /ē/ and /ō/ as well as /ī/ and /ū/. This plot demonstrates that indeed the trajectory of /ei/ starts
out close to that of /ē/ and ends close to that of /ī/, and a similar trajectory is apparent for /ou/ in
between /ō/ and /ū/. Based on these observations, it would be reasonable to expect that the TL and
VL of diphthongal /ei/ and /ou/ may be higher than those of monophthongal /ē/ and /ō/.
Figure 5.15 is a pirate plot depicting TL and VL for these vowels. There is a trend toward
/ei/ and /ou/ having greater TL and VL than their /ē/ and /ō/ counterparts. However, the 95% HDIs
for these pairs overlap in both TL and VL. This result indicates that trajectory (or vector) length
may not necessarily be the most significant overall cue distinguishing monophthong /ē/ and /ō/
from diphthong /ei/ and /ou/ in this data. Rather, the vowels’ relative positions in F1/F2 space, as
clearly shown in Figure 5.14, may be the main distinguishing cue. Further research, especially
with reference to higher token numbers as well as duration measurements, is necessary to clarify
these patterns.
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Figure 5.15. Trajectory length (left) and vector length (right) of selected long monophthongs
and diphthongs. Dark dots represent individual token TL or VL. Envelopes depict the full
density distribution for each group. Colored boxes correspond to 95% HDI. Dark bars indicate
group means.
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5.6 A closer look at aV and aCV

Figure 5.16. Inflection points of primary stressed /a/ by following vowel, with a consonant
intervening. Data is shown for all speakers, and formant values are normalized for vocal tract
size. Means plus ellipses including 67% of data within that group. Excludes directionals and
pronouns.
Table 5.5. Number of tokens in each vowel category comprising the means in Figure 5.16.
Context

aCa

aCe

aCi

aCo

aCu

# Tokens

766

234

318

236

294
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Following observations made by Schütz et al. (2005) and NeSmith (2005), Kettig (2019)
suggested based on pilot data that the pattern of raising apparent at the beginning of aV diphthongs
may also be present in aCV contexts. According to this hypothesis, just as the lowest points of the
aV diphthongs (Figures 5.11, 5.12) differ in F1 and F2 from each other, the inflection points of
stressed /a/ in matching aCV contexts should similarly differ. The vowel-on-vowel effects
investigated in Chapter 5.2 point to coarticulation across an intervening consonant as a generally
observable phenomenon in most vowels. This section focuses on aV and aCV in particular due to
their high token counts and previous observations in the literature that have singled out variation
in these contexts.
Figure 5.16 shows the mean inflection points of primary stressed /a/ in different aCV
environments for all speakers. The ellipses are drawn to include 67% of the data within each group.
The mean of primary stressed /a/ in aCa contexts may be considered, ceteris paribus, to be a sort
of ‘default’ production of /a/. It has no corresponding aV diphthong to which it can be compared
(though arguably /ā/ could be seen as a repetition of two /a/), and since the stressed /a/ is identical
to its following vowel, little vowel-to-vowel coarticulation would be expected. From visual
inspection of Figure 5.16, it can be observed that compared to aCa, aCi is notably raised and
fronted. Primary stressed /a/ exhibits very similar distributions in aCe and aCu contexts. It appears
that aCo contexts condition lowering in the vowel space compared to aCa, aCe, and aCu.
In order to test the significance of these differences, two models were built. In one, the F1
of primary stressed /a/ was entered as the predicted variable, with following vowel and word
frequency entered as fixed effects and previous consonant, following consonant, and previous
vowel entered as random intercepts. The other model was identical save for predicting F2 rather
than F1 of primary stressed /a/; however, when this F2 model was run, a convergence error arose.
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The model for F2 was re-run including all effects except for the random intercept of previous
consonant, and this adjusted model converged. Estimated marginal means were obtained for the
following vowel variable, and pairwise comparisons were conducted using Bonferroni correction
of p-values.
Table 5.6. Pairwise comparisons of the F1 of /a/ in aCV contexts, measured at their point of
maximum F1. Shaded contrasts reach significance at p<0.05.

F1

Contrast
aCa – aCe
aCa – aCi
aCa – aCo
aCa – aCu
aCe – aCi
aCe – aCo
aCe – aCu
aCi – aCo
aCi – aCu
aCo – aCu

Estimate (Hz)
58.22
73.36
11.39
52.88
15.14
-46.83
-5.34
-61.97
-20.48
41.49

SE
18.8
14.5
20.2
17.0
20.8
25.0
22.2
21.4
18.4
22.2

t-ratio
3.098
5.063
0.563
3.117
0.729
-1.876
-0.240
-2.898
-1.115
1.870

p-value
.0245
<.0001
1.0000
.0228
1.0000
.6308
1.0000
.0442
1.0000
.6403

Table 5.7. Pairwise comparisons of the F2 of /a/ in aCV contexts measured at their point of
maximum F1. Shaded contrasts reach significance at p<0.05.

F2

Contrast
aCa – aCe
aCa – aCi
aCa – aCo
aCa – aCu
aCe – aCi
aCe – aCo
aCe – aCu
aCi – aCo
aCi – aCu
aCo – aCu

Estimate (Hz)
-83.1
-197.0
10.1
-39.8
-113.9
93.2
43.3
207.1
157.2
-49.9

SE
31.7
23.2
33.1
28.3
33.4
40.6
36.5
34.8
30.2
37.6

t-ratio
-2.623
-8.480
0.305
-1.406
-3.414
2.299
1.186
5.958
5.211
-1.328

p-value
0.0947
<.0001
1.0000
1.0000
0.0079
0.2269
1.0000
<.0001
<.0001
1.0000

Table 5.6 summarizes pairwise comparisons in the F1 dimension. /a/ in aCa environments
has a significantly higher F1 than in aCe (β=58.22, p=.0245), aCi (β=73.36, p<.0001), and aCu
(β=52.88, p=.0228) but is not significantly different from aCo. The only other significant pairwise
difference is that aCi has a lower F1 than aCo (β=-61.97, p=.0442). These results for F1 match
the overall patterns apparent in Figure 5.16: aCa and aCo are the lowest contexts, with aCe, aCu,
and aCi productions higher in the vowel space. Note that significant differences in vowel height
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are obtained in the aCa–aCe and aCa–aCu pairs, but not in the aCo–aCe or aCo–aCu pairs, even
though in Figure 5.16 it appears that the overall mean of aCo is lower than that of aCa.
Table 5.7 summarizes pairwise comparisons in the F2 dimension. /a/ in aCa environments
has a significantly lower F2 than aCi (β=-197.0, p<.0001). F2 is lower in aCe contexts than in aCi
contexts (β=-113.9, p=.0079). The F2 of aCi is higher than aCo (β=207.1, p<.0001) and aCu
(β=157.2, p<.0001). These results for F2 match the overall patterns apparent in Figure 5.16: /aCi/
is fronter than aCa, aCe, aCo, and aCu.
Figure 5.17 plots the trajectories of primary stressed aV diphthongs. In addition, the mean
maximum F1 point for each diphthong is plotted, along with ellipses corresponding to 67% of the
tokens observed for each group. As in Figures 5.11 and 5.12, there appears to be a four-way split
in the location where these diphthongs reach the bottom of their trajectories. Not only is there a
difference in F1 apparent between the higher /ai~au/ and the lower /ae~ao/, as reported by Parker
Jones (2018), but differences are also apparent in the F2 dimension. Note that Figures 5.16 and
5.17 have axes on different scales; aV and aCV contexts will be directly compared later.
In order to test the significance of these differences, two models were constructed. In one,
the F1 of /a/ in aV contexts was entered as the predicted variable, with following vowel and word
frequency entered as fixed effects and previous consonant, following consonant, and previous
vowel entered as random intercepts. The other model was identical save for predicting F2 rather
than F1. Estimated marginal means were obtained for the following vowel variable, and pairwise
comparisons were conducted using Bonferroni correction of p-values.
Table 5.9 summarizes pairwise comparisons in the F1 dimension. The lowest point of /ae/
has a significantly higher F1 than that of /ai/ (β=149.9, p<.0001) and that of /au/ (β=131.1,
p<.0001). The F1 of /ai/ is lower than that of /ao/ (β=-174.1, p<.0001), and the F1 of /ao/ is higher
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than that of /au/ (β=155.3, p<.0001). The F1 differences apparent in Figure 5.17 are confirmed
here, as significant differences are obtained for all pairs except /ae/–/ao/ and /ai/–/au/.

Figure 5.17. Mean trajectories of aV diphthongs and means of F1 maximum points. Ellipses
include 67% of the data within that group. Primary stress only. Includes pronouns and
directionals.
Table 5.8. Number of tokens in each vowel category comprising the means in Figure 5.17.
aCVaV

ae

ai

ao

au

# Tokens

139

662

53

346

180

Table 5.9. Pairwise comparisons of the F1 of aV diphthongs, measured at their low inflection
points. Shaded contrasts reach significance at p<0.05.

F1

Contrast
ae – ai
ae – ao
ae – au
ai – ao
ai – au
ao – au

Estimate (Hz)
149.9
-24.2
131.1
-174.1
-18.8
155.3

SE
19.5
27.8
20.2
23.7
14.2
24.0

t-ratio
7.702
-0.868
6.492
-7.352
-1.326
6.472

p-value
<.0001
1.0000
<.0001
<.0001
1.0000
<.0001

Table 5.10. Pairwise comparisons of the F2 of aV diphthongs, measured at their low inflection
points. Shaded contrasts reach significance at p<0.05.

F2

Contrast
ae – ai
ae – ao
ae – au
ai – ao
ai – au
ao – au

Estimate (Hz)
-114.4
270.4
216.3
384.8
330.7
-54.1

SE
32.4
48.8
33.4
42.0
23.7
42.7

t-ratio
-3.527
5.535
6.482
9.155
13.971
-1.266

p-value
0.0061
<.0001
<.0001
<.0001
<.0001
1.0000

Table 5.10 summarizes pairwise comparisons in the F2 dimension. The lowest point of /ae/
has a significantly lower F2 than that of /ai/ (β=-114.5, p=.0061), and a significantly higher F2
than that of /ao/ (β=270.4, p<.0001) and /au/ (β=216.3, p<.0001). The F2 of /ai/ is higher than
that of /ao/ (β=384.8, p<.0001) and /au/ (β=330.7, p<.0001). The only pair without a significant
difference is /ao/ versus /au/. These results reflect the patterns apparent in Figure 5.17, with /au/
and /ao/ starting out their trajectories from the back of the vowel space, /ae/ originating more front,
and /ai/ originating more front still.
Figure 5.18 shows aV and corresponding aCV contexts together, combining aspects of
Figures 5.16 and 5.17. In Figure 5.18, the aCa mean is also plotted in each vowel space and all
four spaces are on the same scale, facilitating comparison. Overall, coarticulation is observed to
have a stronger ‘pull’ on the origin of aV compared to aCV, but coarticulation is apparent in both
contexts. For instance, /ai/ originates closer to /i/ than aCi, which in turn is closer to /i/ than to the
mean of aCa; /au/ originates slightly closer to /u/ than aCu, which in turn is closer to /u/ than to
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the mean of aCa. Less of this coarticulation is exhibited in the low front context, as /ae/ and aCe
quite close to aCa. /ao/ is observed to originate farther back than either aCo or aCa.

Figure 5.18. Inflection point (maximum F1 point) of primary stressed /a/ by following vowel,
with a consonant intervening (green). Maximum F1 point of primary stressed aV (blue) and
mean smoothed trajectory. Mean of primary stressed /a/ preceding /a/ included in all plots as a
reference point. All speakers, normalized. Ellipses including 67% of data within that group.
Includes directionals and pronouns. All plots appear on the same scale.
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Two linear mixed effects models, one predicting F1 and one predicting F2, were
constructed for the dataset of inflection points of aV and aCV tokens together (excluding aCa
environments). The fixed effects entered were syllabification (“diphthong” for aV vs.
“monophthong” for aCV), the phonological height of the following vowel (“high” for /i/ and /u/
vs. “mid” for /e/ and /o/), the phonological backness of the following vowel (“back” for /u/ and /o/
vs. “front” for /i/ and /e/), and word frequency (normalized and log-transformed). Two- and threeway interactions were entered for syllabification, height, and backness. All categorical fixed
effects were contrast coded, and all continuous variables (F1, F2, word frequency) were scaled.
Random intercepts were included for preceding consonant, following consonant, preceding vowel,
word, and speaker.
The outputs for the model predicting F1 are presented in Table 5.11. A high vowel
following /a/ in both aV and aCV contexts conditions a significantly reduced F1 (β=-41.93,
p<.0001). The interaction between syllabification and height is significant (β=-29.03, p<.0001),
indicating that in the context of a following high vowel, aV contexts condition a reduced F1
compared to aCV contexts. Word frequency was also significant, with a higher word frequency
correlated with a reduced F1 (β=-6.60, p=0.017).
The outputs for the model predicting F2 are presented in Table 5.12. A high following
vowel conditions a higher F2 (β=38.85, p<.0001), and a back following vowel conditions a lower
F2 (β=-106.81, p<.0001). The interaction of syllabification and backness also reaches significance
(β=-40.04, p<.0001), indicating that when followed by a back vowel, the aV context exhibits
lower F2 than the aCV context.
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Table 5.11. Output summary for linear mixed effects model predicting F1 of /a/ in aV and aCV
contexts. The higher value of each contrast is diphthong (aV), high, and back.
F1 (scaled)
Predictors

Estimates

CI

p

(Intercept)

46.89

-7.54 – 101.31

0.091

syllabification (diph)

-8.76

-21.58 – 4.07

0.181

height (high)

-41.93

-54.52 – -29.34 <0.001

backness (back)

9.04

-3.82 – 21.91

0.168

word frequency

-6.60

-12.03 – -1.18

0.017

syllabification (diph) *
height (high)

-29.03

-41.54 – -16.53 <0.001

syllabification (diph) *
backness (back)

-6.06

-18.86 – 6.75

0.354

height (high) * backness (back)

-8.43

-20.87 – 4.01

0.184

syllabification (diph) *
height (high) * backness (back)

1.13

-11.50 – 13.76

0.861

Random Effects
σ2

8690.45

τ00 word

3482.78

τ00 previous_vowel

59.99

τ00 previous_consonant

3799.95

τ00 following_consonant

344.83

τ00 speaker

1932.22

ICC

0.53

N previous_sound

10

N following_consonant

9

N previous_consonant

19

N word

238

N speaker

8

Observations
2

2330
2

Marginal R / Conditional R

0.139 / 0.591

184

Table 5.12. Output summary for linear mixed effects model predicting F2 of /a/ in aV and aCV
contexts. The higher value of each contrast is diphthong (aV), high, and back.
F2 (scaled)
Predictors

Estimates

CI

p

(Intercept)

-27.06

-121.33 – 67.21

0.574

syllabification (diph)

-3.60

-21.26 – 14.06

0.689

height (high)

38.85

21.48 – 56.22

<0.001

backness (back)

-106.81 -124.56 – -89.07 <0.001

word frequency

-2.37

-9.83 – 5.09

0.533

syllabification (diph) *
height (high)

-2.20

-19.43 – 15.03

0.802

syllabification (diph) *
backness (back)

-40.04

-57.71 – -22.38

<0.001

height (high) * backness (back)

-10.86

-28.04 – 6.32

0.215

syllabification (diph) *
height (high) * backness (back)

3.70

-13.78 – 21.18

0.678

Random Effects
σ2

19884.55

τ00 word

5789.95

τ00 previous_consonant

1439.70

τ00 previous_sound

7897.70

τ00 following_consonant

349.69

τ00 speaker

9473.37

ICC

0.56

N previous_consonant

10

N following_consonant

9

N previous_vowel

19

N word

238

N speaker

8

Observations
2

2330
2

Marginal R / Conditional R

0.254 / 0.669
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The results presented in this section indicate that the coarticulation between vowel units
observed in aV diphthongs and that observed in aCV contexts is overall quite similar, though with
more extreme coarticulation observed in some aV contexts. When the vowel following /a/ is /i/,
the /a/ in question is raised and fronted whether or not it is in the same syllable as the /i/; there is
a significant difference between the /ai/ and aCi contexts in the F1 dimension, with coarticulation
resulting in more extreme raising for /ai/. When the vowel following /a/ is /u/, the /a/ in question
is raised whether or not it is in the same syllable as the /u/; there is a significant difference between
the /au/ and aCu contexts in both the F1 and F2 dimensions, with coarticulation resulting in more
extreme raising for /au/ as well as backing. When the vowel following /a/ is /e/, the /a/ in question
is raised compared to aCa. Little difference is found between the lowest point of /ae/ and that of
aCe. No significant differences are observed between aCo and aCa; there is a significant difference
between the /ao/ and aCo contexts in the F2 dimension, with coarticulation resulting in the backing
of /ao/.

5.7 Pronouns and directionals
One aspect of vowel pronunciation that has not yet been directly addressed yet in this
dissertation is the reduction of tokens based on lexical frequency – that is, how frequently a word
is used or encountered by speakers of Hawaiian. Phonetic research into word frequency in other
languages has indicated that sounds appearing in more frequent words may be pronounced in a
more reduced manner, with shorter durations and a higher likelihood of phoneme deletion (Bybee
2004, 2007). This effect is also observable in comparisons of content words, which tend to have a
low token frequency, and function words, which tend to have a high frequency. In addition,
function words may be even more reduced than would be otherwise expected given their frequency
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(Lavoie 2002, Round 2011), and content words that are highly predictable from context are also
reduced (Seyfarth 2014). Kinney (1956) indicated that many high-frequency content words and
function words containing /ai/ – such as laila (‘there’), maikaʻi (‘good’), and kaikamahine (‘girl’)
– may show a high rate of /ei/ pronounciation, which could be taken as a demonstration of this
tendency for such words to undergo reduction. Parker Jones (2018) also found that function words
contained less peripheral pronunciations of /a/ than content words.
While the majority of function words are not considered in this dissertation, directionals
and pronouns are included in this chapter’s analyses. Such words are included in this chapter
because without them, in the case of certain diphthongs, there would be few or no tokens to
analyze. For instance, /āu/ only appears in pronouns in this dataset, and the frequency of /ou/ is
low aside from pronouns (see Table 5.13, which shows 359 instances of /ou/ in pronouns or
directionals versus 40 instances in other words).
Because of the inclusion of directionals and pronouns in this dataset and the known effects
of content versus function words, this section looks more closely at a subset of diphthong
trajectories in order see whether there is a difference between these two different groups of words.
Analysis of multiple varieties of English have found that function words and other high-frequency
words tend to have more reduced, monophthongal realizations of diphthongs (Hay, Jannedy &
Mendoza-Denton 1999, Drager 2011). The pronouns and directionals of Hawaiian may therefore
be reduced, while content words may be expected to have longer, more extreme trajectories.
Figure 5.19 shows the trajectories of /ei/, /ou/, /ai/, and /au/, split by pronouns and
directionals (dashed trajectories) versus other instances of these vowels (solid trajectories). In /ai/
and /au/ it is especially apparent that the trajectories of pronouns and directionals begin higher
(more central) in the vowel space than content words, though their end targets remain very similar.
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Even the trajectories of content words, however, start far above the mean location of /a/. Less of a
difference between content words and pronouns and directionals is noted in /ei/ and /ou/
trajectories. The Kinney 1956 set of words was not included in the calculation of means shown in
Figure 5.19.

Figure 5.19. Mean trajectories of selected diphthongs, separated out by directionals and
pronouns (dashed line) versus all other words (solid line). All speakers together, normalized,
primary and secondary stressed monophthong means also shown.
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Table 5.13. Number of tokens in each vowel category comprising the means in Figure 5.19.
Content words

Pronouns and directionals

Vowel

ai

au

ei

ou

ai

au

ei

ou

# Tokens

456

364

75

40

302

140

109

360

Figure 5.20. Trajectory length (left) and vector length (right) of short diphthong tokens. The
left (blue) distribution in each pair corresponds to words that are not pronouns or directionals,
while those on the right (red) correspond to pronouns and directionals.
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Figure 5.20 is a pirate plot depicting TL and VL for these vowels, including a within-vowel
split depending on whether or not particular tokens appear inside of pronouns or directional words.
For the vowel /ai/, both TL and VL are lower in the group of tokens appearing in pronouns or
directionals, indicating that pronouns/directionals have a more monophthongal pronunciation. For
the vowel /au/, TL trends toward being lower in pronouns/directionals, and VL is significantly
lower in pronouns/directionals. For /ei/ and /ou/, there are trends toward TL and VL being lower
in pronouns/directionals but no significant differences.

5.8 Discussion
This chapter has demonstrated that vowels in Hawaiian coarticulate to their surrounding
vowels whether or not the vowels are in direct contact with each other. Chapter 5.2 investigated
the random effects of preceding and following vowel on each short monophthong, as output from
linear mixed effects models. The direction of the effects observed are consistent with vowel-tovowel coarticulation, even though the dataset modeled here specifically excluded instances of
vowels in direct contact. Chapter 5.3 showed the trajectories of the short diphthongs, and Chapter
5.4 investigated the trajectories of the aV and āV diphthongs. In terms of trajectory length and
vector length, /ai/, /ae/, and /āi/ were quite similar to each other; /ao/ had the shortest trajectories
of all the aV diphthongs with /au/ slightly longer, indicating that /ao/ is more monophthongal than
/au/. Chapter 5.5 showed the trajectories of /ei/ and /ou in comparison to /ē/ and /ō/, and found that
there is a non-significant trend for the trajectories and vectors of the diphthongs to be longer than
those of the monophthongs. Chapter 5.6 looked more closely at the aV diphthongs in comparison
with /a/ in aCV contexts, finding that the direction of coarticulation between vowel units observed
in aV diphthongs and the coarticulation observed in aCV contexts is overall quite similar, though
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the degree of coarticulation is greater in some diphthongs. Chapter 5.7 demonstrated the effect of
word class on the realization /ai/ and /au/, with content words having more diphthongal realizations
than directionals or pronouns in the same vowel class.

5.8.1 Effects of surrounding vowels, with consonants intervening
Coarticulation of vowels across an intervening consonant is common cross-linguistically.
Öhman (1966: 165) argues that a VCV utterance cannot “be regarded as a linear sequence of three
successive gestures”; instead, consonant gestures “are actually superimposed on a contextdependent vowel substrate that is present during all of the consonantal gesture.”
As summarized in Table 5.1, vowels are observed to usually be pulled in the direction of
the vowels that surround them. /a/ is pulled higher in the vowel space by surrounding /i/, /u/, and
/ei/, particularly high vowels. In addition, /a/ is pulled lower in the vowel space by preceding /a/
and /ā/ as well as following diphthongs whose first element is /a/ or /ā/. These patterns are to be
expected, since these vowels are the lowest in the vowel space. /a/ is also pulled front when
surrounded by the front vowels /e/, /i/, and /ī/. /e/ and /i/ are pulled higher by surrounding /i/, a
high vowel, and lower by surrounding /a/, a low vowel; /i/ is pulled lower by a following /ā/, which
is also a low vowel, and /au/, whose first element is a low vowel. /e/ is pulled back by surrounding
/o/, /ō/, /u/, and /ū/, which are back vowels, and pulled front by surrounding /e/, /ē/, /i/, and /ēi/,
which are front vowels. /i/ is pulled back by a preceding /o/ and a following /ū/, both back vowels,
and is pulled front by a preceding /i/, a front vowel. /o/ is pulled higher by a preceding /i/ and /u/,
both high vowels, and is pulled lower by a preceding /a/, a low vowel. /o/ is pulled back by a
following /o/, which is a back vowel, and pulled front by surrounding /e/ and /i/, both front vowels.
/u/ is pulled front by surrounding /i/ and /e/, both front vowels.
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There are several findings in Table 5.1 that do not obviously correspond to what would be
expected given each vowel’s relative location. /a/ is pulled back in the vowel space by preceding
/ā/, /au/, and /u/, as well as by following /ai/, /ao/, /o/, and /ō/. Of these vowels, only /o/, /ō/, and
/u/ are obviously backer than /a/, so it is somewhat surprising that preceding /ā/ and /au/ and
following /ai/ and /ao/ correlate with backer productions of /a/. In addition, /o/ is pulled higher by
a following /e/ or /o/, which is unexpected, as neither of these vowels is higher than /o/.

5.8.2 A closer look at aCV and aV
The results presented in Chapter 5.2 concern the coefficients of the random intercepts of
previous and following vowel from a model that also included stress as a fixed effect. The dataset
for which these results were obtained therefore included tokens in all stress positions as well as
concerning all vowels – that is, all VCV environments were analyzed. In contrast, the analysis
concerning aCV presented in Chapter 5.6, hones in on a more specific investigation of a subset of
data: the effects of a following short vowel on the F1 and F2 of primary stressed /a/. In this section
I further discuss these results.
NeSmith (2005) notes several features of /a/ pronunciation in Type-1 Hawaiian. He
describes /a/ as “raised before /i/ and /u/, but not in other positions”, and gives two examples. The
first is that maikaʻi (‘good’) is pronounced as meikeʻi. The second is that the /a/ in makemake
sounds like the vowel in the English word up. This formulation of the aCV pattern makes several
assumptions or assertions that I believe can be probed individually: 1) maikaʻi is a prototypical
example of aCi (and /ai/); 2) the /a/ of aCi is pronounced approximately the same as /e/ is
pronounced; 3) makemake is a prototypical example of aCe; 4) the raising of aCi patterns with
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aCu, but not with aCe, aCo, or aCa; 5) the /a/ of aCe is pronounced approximately like the vowel
in English up.
The first assumption, that maikaʻi is a prototypical example of an aCi environment, is
discussed further in Chapter 6. Kinney (1956) noted that this particular word has a pronunciation
that does not match its spelling, indicating that it is not necessarily a prototypical aCi word, just as
it is not a prototypical /ai/ word. As we will see in Chapter 6, indeed the monophthong in this word
does usually sound more like /e/ than like /a/, but this fact actually sets it apart from other /a/ words
rather than being the norm. This assumption of the prototypicality of maikaʻi is therefore not borne
out in the present data.
The second assertion is that /a/ in an aCi context is produced in approximately the same
place as /e/. Figure 5.18 shows that in terms of height, the mean location of aCi is below the lowest
point in the trajectory of /ai/. Figure 5.12 illustrates that the trajectory of /ai/ starts well below and
back of /e/ in the vowel space, and only approaches /e/ at around the midpoint of its trajectory. It
is therefore not the case that /e/ is a good approximation of the location of typical aCi tokens.
The third assumption, that makemake (‘want’, ‘like’) is a typical aCe word, is not directly
addressed in the current dissertation. However, this word does not appear on Kinney’s (1956) list
of atypical words despite its very high frequency, implying that makemake is unremarkable and
may well be a prototypical example of aCe. Future work can and should certainly verify the
behavior of this word, but for the purposes of this discussion we will proceed with the assumption
that makemake indeed does reflect typical aCe behavior.
The fourth observation is that the /a/ in makemake is approximately the vowel in English
up. In many dialects of English, including American English, this sound is usually described as
being higher in the vowel space than the usual pronunciation of Hawaiian /a/. If NeSmith is
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describing a pronunciation in Pidgin, Sakoda and Siegel (2004) describe this vowel as [ɑ] or [ʌ],
while Grama (2015) finds this vowel to be around [a~ɑ] for speakers born in the first half of the
twentieth century, and around [ʌ] for those born in the second half of the twentieth century. Figure
5.6 shows that aCe is raised relative to aCa, placing the vowel in a space roughly corresponding to
[ʌ] in English. This is consistent with NeSmith’s assertion.
The final assertion is that aCi patterns with aCu but not aCa, aCe, or aCo. Strictly speaking,
NeSmith is only discussing “raising”, which occurs along the height dimension of the vowel space.
Pairwise comparison of the heights of the different aCV contexts reveals that aCi and aCu do
indeed pattern together, with no significant difference in F1; aCa is significantly lower than both
of these contexts, and aCo is also found to be significantly lower than aCi. However, despite
NeSmith’s contrasting of raised aCi and aCu versus a presumably unraised aCe, aCe is actually
found to have no significant F1 difference from aCi, aCu, or aCo, and is significantly higher than
aCa. In the height dimension, there is therefore evidence that aCe is significantly raised like aCi
and aCu, and unlike aCa. The F2 dimension, or articulatory advancement/backness of the tongue,
has not received as much attention in previous observations, but also illustrates pairwise
differences between aCi and all other contexts, indicating that aCi is significantly fronted. While
overall the assertion that /e/ is a good approximation for aCi may not be strictly true except in the
lexical exception of maikaʻi, it is the case that aCi fronts toward /e/ to a significant degree.
This analysis therefore finds mixed evidence for NeSmith’s assertions: while maikaʻi is
not a typical /ai/ or aCi word in terms of its extremely raised pronunciation, the direction of
coarticulation noted by NeSmith is indeed found more generally in these contexts, just to a lesser
degree. Mixed evidence is also found regarding the relative amount of raising in other aCV
contexts. The results presented in Chapter 5.6 indicate that the coarticulation between vowel units
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observed in aV diphthongs and that observed in aCV contexts is overall quite similar, though the
degree of coarticulation is overall more extreme in diphthongs. In both /ai/ and aCi, the /a/ exhibits
raising and fronting, while /ai/ is significantly higher still than aCi. /au/ and aCu are both raised,
but /au/ reaches its lowest point both higher and backer still than aCu. aCe is raised compared to
aCa, and little difference is found between the lowest point of /ae/ and that of aCe. aCo is not
significantly different from aCa, but /ao/ is backed compared to aCo.

5.8.3 āV diphthongs and reduction due to word class
In the overall data presented in Figure 5.12, the low point of /āi/ is far lower in the vowel
space than for any of the other diphthongs, and appears even lower than the average location of /ā/
overall. Its trajectory ends just below and behind /i/. However, /āu/ exhibits a trajectory that starts
out well above both /ā/ and /a/, and ends right at the mean of /u/. While the trajectory of /āi/ –
which is made up exclusively of tokens of the single content word ʻāina (‘land’) and derivative
content words such as kamaʻāina (‘familiar’) and makaʻāinana (‘commoner’) – follows a path
very similar to what Parker Jones (2018) reports, the very small number of tokens included in the
dataset for /āu/ are all pronouns, and comprise a mean trajectory very different from previous
reports of this vowel.
Previous research has uncovered the cross-linguistic trend that sounds appearing in more
frequent words may be pronounced in a more reduced manner, with shorter durations and a higher
likelihood of phoneme deletion (Bybee 2004, 2007). Parker Jones (2018) also previously reported
a significant difference in /a/ realization based on word class, with function words containing more
reduced, centralized vowels compared to content words. As mentioned in Chapter 5, it is difficult
to draw conclusions about /āu/ due to its low token numbers and the fact that the few tokens
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obtained in this sample were all in pronouns. However, the pronoun status of these words may
explain why in this data /āu/ appears to begin quite high, rather than where Parker Jones (2018)
had described it, namely in the lowest point in the vowel space along with the initial element of
/āi/. Since there are only content words represented in the /āi/ data here and only pronouns in the
/āu/ data, it is not possible to do a comparison of word class for these vowels.
Though pronouns and directionals were excluded from the analysis of monophthongs in
Chapter 4, they were included in the diphthong data analyzed in Chapter 5.7. /ai/ and /au/ both
have much lower starting points and significantly longer trajectories in content words compared
to pronouns and directionals. Future research should investigate /āu/ and /āi/ words in more
contexts to ascertain whether the raised, shorter /āu/ trajectory obtained here is indeed typical only
of pronouns, and not reflective of its pronunciation in content words.
Figure 5.20 shows that within the vowel /ai/, both TL and VL are lower in tokens which
appear in pronouns and directionals compared to content words, indicating that pronouns and
directionals are more monophthongized. For the vowel /au/, TL trends toward being lower in
pronouns/directionals, and VL is significantly lower in pronouns/directionals. For /ei/ and /ou/,
there are trends toward TL and VL being lower in pronouns/directionals but no significant
differences.
The significant differences obtained for /ai/ and /au/ between content words and
pronouns/directionals are consistent with cross-linguistic observations that high frequency words
tend to be reduced (Bybee 2004, 2007) and observations in several varieties of English that
function words and other high-frequency words exhibit more monophthongal realizations of
diphthongs (Hay, Jannedy & Mendoza-Denton 1999, Drager 2009). One possibility for why
significant differences were not observed for /ei/ and /ou/ could be that their trajectories are found
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to be overall shorter than those of /ai/ and /au/: Figure 20 shows that both content words and
pronouns/directionals containing /ei/ have significantly lower TL than content words and
pronouns/directionals containing /ai/ and /au/, and that content words and pronouns/directionals
containing /ou/ and /ei/ have significantly lower VL than content words and pronouns/directionals
containing /ai/ and content words containing /au/. These shorter baseline trajectories, which
indicate that /ei/ and /ou/ are overall quite monophthongal in all contexts, perhaps allow for less
variation in terms of TL and VL. Future research could explore whether reduction in /ei/ and /ou/
is perhaps more apparent in terms of reduced durations, since it is not reflected in significant
monophthongization.
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Chapter 6: Variation
6.1 Introduction
Chapters 4 and 5 have explored the pronunciation of the monophthongs and diphthongs of
Hawaiian in this dissertation’s dataset as a whole. The plots presented in those chapters have
included data from all speakers. Certain aspects of phonetic variation were explored, including
variation in vowel quality based on the surrounding consonants and vowels as well as the effect of
word class on short vowel trajectories. One basic aspect of inter-speaker variation – physiological
variation – was addressed by normalizing all frequency measurements so as to be comparable. In
addition, random intercepts of speaker and word were entered into the linear mixed effects models
employed in previous chapters in order to account for expected differences in these variables.
However, specific differences between speakers and individual words have not yet been explored.
One particular issue to keep in mind when observing the plots in Chapters 4 and 5 is that
the dataset for this dissertation is highly unbalanced in several respects. Table 6.1, showing the
sample of speakers in this dissertation, shows the number of tokens per speaker. After cleaning the
data, eliminating outliers, and excluding tokens based on their word status or appearance in direct
contact with another vowel, there were a total of 19,599 tokens in the dataset. These tokens were
not distributed evenly between the speakers. While Ida Nāone’s 951 tokens represented only 5%
of the data and Henry Machado’s 1,430 made up 7%, there were 3,786 tokens measured for David
Kaʻalakea and 4,747 for Alfred Apaka, Sr. – 19% and 24% of the data, respectively. Entering the
random effect of speaker in the linear mixed effects models presented in Chapters 4 and 5
accounted for this unbalanced data in the statistical results presented. However, the plots of
inflection points and smoothed trajectories depict means of the data as a whole and do not adjust
for the unbalanced data. The plots up to this point have therefore been skewed toward over-
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representing the pronunciation patterns of the speakers who make up a larger proportion of the
dataset.
Table 6.1. Speaker sample in this dissertation. Number of tokens pre-exclusion includes all
tokens in the cleaned dataset; post-exclusion (1) excludes all articles, particles, function words,
demonstratives, interrogatives, and the words mea and manawa; post-exclusion (2) further
excludes all vowels whose immediately preceding or following sound is a vowel.
Name

Gender

Rachel Mahuiki

female

Alfred Apaka Sr.

male

Ida Kapuʻihilani
Feary-Milton Nāone
Henry Hanalē
Machado

female
male

Lilian Victor

female

David Kaʻalakea

male

Sadie Kaluhiʻōpiopio
Beebe

female

Joseph Makaʻai

male

Birthplace
Wainiha,
Kauaʻi
Hanalei,
Kauaʻi
Moanalua,
Oʻahu
Kapālama,
Oʻahu
Lāhaina,
Maui
Kīpahulu,
Maui
Kahaluʻu,
Hawaiʻi
Puʻuanahulu,
Hawaiʻi

KLH
Episode
#014
#057
#013
#021
#032
#063
#033
#016

Recording
date
Nov. 9,
1972
March 3,
1974
Nov. 1,
1972
Feb. 6,
1973
April 24,
1973
April 21,
1974
May 1,
1973
Nov. 21,
1972
total

# tokens
pre-excl
3,260
(9%)
8,156
(23%)
1,728
(5%)
2,452
(7%)
5,023
(14%)
7,098
(20%)
3,149
(9%)
4,750
(13%)
35,616

# tokens
post-excl1
2,260
(9%)
6,284
(25%)
1,240
(5%)
1,798
(7%)
3,591
(14%)
4,824
(19%)
2,149
(8%)
3,305
(13%)
25,451

# tokens
post-excl2
1,700
(9%)
4,747
(24%)
951 (5%)
1,430
(7%)
2,893
(15%)
3,786
(19%)
1,599
(8%)
2,493
(13%)
19,599

A small amount of previous work has considered inter- or intra-speaker variation in
Hawaiian. Newbrand (1951) noted examples of /o/ becoming /a/ in the words ʻaʻole and hope, and
identified the raising of /ai/ to /ei/ in words like mai (directional ‘towards’), laila (‘there’), and
kaikamahine (‘girl’). She also transcribed several idiolects of Hawaiian into IPA and noted several
between-speaker differences that stood out to her. Kinney (1956) also identified particular words
that are not pronounced as expected given their spelling, such as laila, kaikamahine, ʻaʻole (‘no’),
and ʻaʻohe (‘none’). More recently, Drager et al. (2017) compared the realization of the word kēia
(‘that’) across eight native speakers.
By focusing on differences and similarities within and between speakers and within and
between words, this chapter represents a significant step forward in the analysis of variation in
Hawaiian. It is hoped that the information compiled here will help inform future hypotheses about
199

what the dialectal patterns within the Hawaiian archipelago looked like in the twentieth century
and in the more distant past. The near-break in the transmission of ʻōlelo Hawaiʻi and other
expressions of traditional Hawaiian knowledge, which occurred due to the hegemonic imposition
of English-only language ideologies, had profoundly negative social impacts on Hawaiian
communities. It also created a language bottleneck, potentially leveling structured variation that
had previously defined the sociolinguistic ecology of Hawaiʻi.
The following sections, each focusing on a single speaker in the sample, will begin with
some metadata and background information about the speaker, their interview on KLH, and the
settings used to analyze their data. Plots will then be presented in turn displaying each speaker’s
monophthongs and diphthongs, as well as a closer look at /ei/ and /ou/. Plots are also presented to
show aspects of the realization of ʻaʻole-type words, maikaʻi, laila, and family member words
beginning with kaik-. For speakers who varied their pronounciation of the primary stressed vowel
in ʻaʻole-type words across the /o/ and /a/ portions of the vowel space, plots are included that show
these tokens by utterance finality; for speakers who did not exhibit much variation and
overwhelmingly pronounced these as /a/, these utterance finality plots are not shown.

200

6.2 Rachel Mahuiki
6.2.1 Metadata
KLH episode: #014
Birthplace: Wainiha, Kauaʻi
About the speaker and the contents of the interview:
Ua hānau ʻia ʻo Rachel Mahuiki ma Wainiha, Kauaʻi i ka makahiki 1913. ʻO kona makua kāne ʻo
Moses Kamīkana ʻIlālāʻole, a ʻo kona makuahine ʻo Minehāhā. No Kaʻū, Hawaiʻi mai ka ʻohana
ʻIlālāʻole, a no ka mokupuni o Hawaiʻi mai ko Rachel Mahuiki mau kūpuna. He ʻumikūmāono
keiki a Rachel Mahuiki me kāna kāne ʻo Lawrence Mahuiki. I ka makahiki 1955 ʻo ia i neʻe ai i
Honolulu, Oʻahu. Ua kipa mai ʻo Rachel Mahuiki i KLH me kāna keiki kāne hoʻokama, ʻo Kawai
Cockett, a hīmeni lāua i kekahi mau mele. Kamaʻilio ʻo Rachel e pili ana i ke kanu kalo, i ke kuʻi
ʻai, a i ka lawaiʻa. Nui nā ʻano kalo a me nā ʻano limu o Kauaʻi āna i kūkākūkā ai. Wehewehe hoʻi
ʻo ia i nā māmalaʻōlelo “ʻEʻena Hāʻena i ka ʻehu kai” me “Ka ua loku o Hanalei”.
Rachel Mahuiki was born in Wainiha, Kauaʻi, in 1913, to Moses Kamīkana ʻIlālāʻole and his wife
Minehāhā. The ʻIlālāʻole family was originally from Kaʻū, Hawaiʻi Island. Rachel and her husband
Lawrence Mahuiki had 16 children and she moved to Honoulu in 1955. She came to her KLH
interview with her hoʻokama son, singer Kawai Cockett, and they performed some songs together.
Rachel talks about farming kalo, fishing, different types of limu on Kauaʻi, and the meaning of
some sayings about Hāʻena and Hanalei.
Date of recording: November 9, 1972
Length of full recording: 56:47
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 1,700
Fast Track maximum frequency range utilized: 5400–6000 Hz
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6.2.2 Monophthongs

Figure 6.1. Rachel Mahuiki. Long and short monophthongs. Means plus ellipses including
67% of data within that group. Excludes directionals, pronouns, and any tokens directly
abutting other vowels.
Table 6.2. Number of tokens in each vowel category comprising the means in Figure 6.1.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

177

98

103

3

105

11

109

24

50

13
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Rachel Mahuiki’s monophthong vowel space (Figure 6.1) is very similar to the one shown
for the sample overall. The highest degree of overlap appears to be in the /i~ī/ pair, while the mean
of /ē/ is fronter than that of /e/. Note, however, that Table 6.2 shows that there are very few tokens
of /ē/ included in this plot, meaning that not enough data existed to draw an ellipse around 67% of
the tokens.

6.2.3 Diphthongs
Rachel Mahuiki’s long and short diphthongs are shown in Figure 6.2. The lowest point of
/ae/ is precisely at the average location of /a/, and the highest point of /ae/ is very close to /e/. /ao/
starts out slightly backer of /a/ and appears to end well below the location of /o/. Where /ao/ ends
is approximately the location where /au/ begins; /au/ then ends just front of /u/. /ai/ begins at around
the same F1 as /au/, but much farther front in the vowel space; /ai/ ends just back of /i/. Overall,
all of the diphthongs ending in /i/ end in a very similar location just back of /i/. /ei/ starts slightly
higher than /e/. The trajectory of /ou/, starting at /o/ and ending at /u/, is quite short. /eu/ appears
extremely short, beginning very far back from /e/; however, only three tokens of this vowel were
obtained in this sample. /āi/ and /āu/ also have very low token counts (n=4 and n=1, respectively).
/āi/ appears to begin higher than /a/ or /ā/ and ends close to /i/. /āu/ starts even higher and completes
its path at /u/.

203

Figure 6.2. Rachel Mahuiki. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
Table 6.3. Number of tokens in each vowel category comprising the means in Figure 6.2.
Vowel

ae

ai

āi

ao

au

āu

ei

eu

iu

oi

ou

# Tokens

13

71

4

32

41

1

17

3

3

9

16
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6.2.3.1 A closer look at /ei/ and /ou/

Figure 6.3. Rachel Mahuiki. Mean trajectories of selected vowels, primary and secondary
stress. Includes directionals and pronouns.
Table 6.4. Number of tokens in each vowel category comprising the means in Figure 6.3.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

3

17

11

24

16

13
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Figure 6.4. Rachel Mahuiki. Mean trajectories of selected vowels, primary and secondary
stress. Excludes directionals and pronouns.
Table 6.5. Number of tokens in each vowel category comprising the means in Figure 6.4.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

3

11

11

24

1

13
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Figure 6.3 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups (none were
observed for the other groups). For Rachel Mahuiki, it appears that /ei/ starts well above the entire
trajectory of /ē/, but still not as high as /ī/, and ends right inside the /ī/ trajectory. It appears that /ō/
rises a notable amount toward /ū/, in fact appearing far more diphthongal than /ou/, which begins
around where /ō/ ends and rises a small amount toward /ū/.
Figure 6.4, however, shows a different trajectory for /ou/ when all pronouns are removed
and only the single content word token remains: this token of /ou/ begins just back of where /ō/
begins and ends just back of /ū/, appearing more diphthongal than /ō/.

6.2.4 Variation within and between words
6.2.4.1 Maikaʻi (primary stressed syllable)
The word maikaʻi was measured twice in Rachel Mahuiki’s data sample. As shown in
Figure 6.5, the primary stressed /a/ in these words were pronounced not as other /a/, but very
close to the mean of /e/.
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Figure 6.5. Rachel Mahuiki. Location of <a> (penultimate vowel) in maikaʻi-type words
plotted alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.6. Number of tokens in each vowel category comprising the tokens in Figure 6.5.
Word

maikaʻi

# Tokens

2
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6.2.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.6. Rachel Mahuiki. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.7. Number of tokens in each vowel category comprising the tokens in Figure 6.6.
Word

hope

ʻahe

ʻaʻohe

ʻaʻole

ʻale

# Tokens

2

4

5

31

12

209

Figure 6.6 depicts the words hope, ʻaʻole, and ʻaʻohe, as well as their spelling variants,
which were measured 54 times for Rachel Mahuiki. The vast majority of the primary stressed
tokens in these words were pronounced closer to the distribution of typical /a/ than to /o/.

6.2.4.3 Maikaʻi and laila (trajectories)

Figure 6.7. Rachel Mahuiki. Maikaʻi-type words and laila smoothed mean trajectories, plotted
alongside means of /ai/ and /ei/. Includes pronouns and directionals.
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Table 6.8. Number of tokens in each vowel category comprising the means in Figure 6.7.
Word

laila

maikaʻi

# Tokens

1

2

Figure 6.7 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of the /ai/ in laila (n=1) and the /ai/ in maikaʻi
(n=2). Maikaʻi is raised compared to other /ai/ words, but has a similar trajectory length. Laila, by
contrast, starts and ends even higher than /ei/.
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6.3 Alfred Apaka, Sr.
6.3.1 Metadata
KLH episode: #057
Birthplace: Hanalei, Kauaʻi
About the speaker and the contents of the interview:
ʻO Hanalei, Kauaʻi ke one hānau o Alfred Apaka Sr. Ua mālama ʻia ʻo ia e kona mau kūpuna Pākē
a piha ʻehiku me ka hapa makahiki. No laila, namu pākē wale nō ʻo ia ma mua o kona komo ʻana
mai i ke kula, a i laila ʻo ia i aʻo mai ai i ka ʻōlelo Hawaiʻi a i ka ʻōlelo Pelekāne. Haʻalele ʻo ia iā
Kauaʻi i ka piha ʻana o nā makahiki he ʻumikūmālima, a neʻe ʻo ia i Oʻahu nei. Walaʻau ʻo Alfred
e pili ana i kāna mau ʻoihana mākaʻi a kalaiwa kaʻa i Honolulu nei, i kona heʻenalu ʻana me Duke
Kahanamoku mā, i kekahi ʻaumakua manō ma Waikīkī, i nā akua lele, i ke kālai pāhoa o Molokaʻi,
a i ka mahiki ʻana i nā ʻuhane ʻino mai ke kino mai.
Alfred Apaka Sr., from Hanalei, Kauaʻi, was raised by his sugarcane-farming Chinese
grandparents and thus only spoke Chinese until age 7.5. He learned English and Hawaiian in school
and from his surrounding community, in which Hawaiian was the dominant language. At age 15
he left Kauaʻi to live in Honoulu, Oʻahu, where he became a police officer and chauffeur. Alfred
talks about surfing with Duke Kahanamoku’s crew, about a protective guardian shark he
encountered at Waikīkī Beach, and about various aspects of Hawaiian sorcery and exorcism that
he encountered while living on Molokaʻi for several years as an adult.
Date of recording: March 3, 1974
Length of full recording: 43:20 (A) + 42:38 (B)
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 4,747
Fast Track maximum frequency range utilized: 4500–5500 Hz

212

6.3.2 Monophthongs

Figure 6.8. Alfred Apaka. Long and short monophthongs. Means plus ellipses including 67%
of data within that group. Excludes directionals, pronouns, and any tokens directly abutting
other vowels.
Table 6.9. Number of tokens in each vowel category comprising the means in Figure 6.8.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

570

403

184

13

293

46

284

90

151

71
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Alfred Apaka’s monophthong vowel space (Figure 6.8) is very similar to the one shown
for the sample overall. This similarity is to be expected to some extent, given that his data
comprises a quarter of the overall sample, a higher proportion than any other speaker. The highest
degree of overlap appears to be in the /i~ī/ pair, while the mean of /ē/ is fronter than that of /e/. It
also appears that the distribution of /ā/ comprises a lower and backer subset of the distribution of
/a/, and /ū/ comprises a backer subset of the distribution of /u/.

6.3.3 Diphthongs
Alfred Apaka’s long and short diphthongs are shown in Figure 6.9. /ae/ and /ao/ have their
lowest points lower than the mean of /a/, at about the same height as /ā/. There is also a difference
in F2 between the lowest points of /ae/ and /ao/, with /ao/ starting and reaching its lowest point
farther back than /ae/. Interestingly, /ae/ and /āi/ seem to be merged for Alfred Apaka, with
extremely similar trajectories that start around /ā/ and end at /e/. /ai/ and /au/ both start higher than
/a/, with /ai/ farther front in the vowel space. /āu/, for which there are two tokens, starts higher than
/a/ and ends at /u/. /ei/ starts higher than /e/ and ends at /i/. /ou/ does not have a very long trajectory,
as /o/ and /u/ are already very close for this speaker. /iu/, for which there is only one token, appears
higher than either /i/ or /u/ in the vowel space.

214

Figure 6.9. Alfred Apaka. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
Table 6.10. Number of tokens in each vowel category comprising the means in Figure 6.9.
Vowel

ae

ai

āi

ao

au

āu

ei

eu

iu

oi

ou

# Tokens

13

169

23

24

98

2

56

1

1

21

89
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6.3.3.1 A closer look at /ei/ and /ou/

Figure 6.10. Alfred Apaka. Mean trajectories of selected vowels, primary and secondary stress.
Includes directionals and pronouns.
Table 6.11. Number of tokens in each vowel category comprising the means in Figure 6.10.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

13

56

46

90

89

71
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Figure 6.11. Alfred Apaka. Mean trajectories of selected vowels, primary and secondary stress.
Excludes directionals and pronouns.
Table 6.12. Number of tokens in each vowel category comprising the means in Figure 6.11.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

13

26

46

90

14

71

Figure 6.10 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For Alfred Apaka,
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it appears that /ei/ starts close to /ē/ and ends at /ī/. /ō/ has a slightly up-gliding trajectory; /ou/
starts where /ō/ ends, and also has an upgliding trajectory. /ū/ has a trajectory in a similar but
slightly higher location compared to /ou/, and its trajectory starts higher, moves lower and slightly
backer, and then moves back up and slightly front in the vowel space.
Figure 6.11, in which pronouns and directionals are excluded, shows even more overlap
between the trajectories of /ou/ and /ū/ , though again /ou/ only rises, and /ū/ falls before rising
again.

6.3.4 Variation within and between words
6.3.4.1 Maikaʻi (primary stressed syllable)
The word maikaʻi was measured 14 times in Alfred Apaka’s data sample. As shown in
Figure 6.12, the primary stressed /a/ in these words were pronounced not as other /a/, but very
close to the mean of /e/.
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Figure 6.12. Alfred Apaka. Location of <a> (penultimate vowel) in maikaʻi-type words plotted
alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.13. Number of tokens in each category comprising the tokens in Figure 6.12.
Word

maikaʻi

# Tokens

14
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6.3.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.13. Alfred Apaka. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.14. Number of tokens in each category comprising the tokens in Figure 6.13 and 6.14.
Word

hope

ʻaʻohe

ʻaʻole

ʻale

# Tokens

10

1

17

38
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Figure 6.14. Alfred Apaka. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group. Labelled by
whether or not the token is utterance-final (followed by a pause or silence).
Figure 6.13 depicts the words hope, ʻaʻole, and ʻaʻohe, as well as their spelling variants,
which were measured 66 times for Alfred Apaka. The majority of the primary stressed tokens in
these words were pronounced closer to the distribution of typical /a/ than to /o/.
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Figure 6.14 depicts these same tokens, marked by whether or not they come at the end of
an utterance – that is, they are followed by a silence or pause. Most of the tokens produced higher
in the vowel space are utterance-final for Alfred Apaka. However, this pattern is not very robust.

6.3.4.3 Maikaʻi, laila, and family member words (trajectories)

Figure 6.15. Alfred Apaka. Maikaʻi-type words, laila, and family member words, smoothed
mean trajectories, plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
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Table 6.15. Number of tokens in each category comprising the tokens in Figure 6.15.
Word

kaikaina

kaikamahine

laila

maikaʻi

# Tokens

2

4

14

13

Figure 6.15 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi, and family member words
beginning with kaik-. Maikaʻi is raised compared to other /ai/ words, but has a similar trajectory
length and ends higher and fronter in the vowel space than typical /ai/ words. Laila seems to be
very monophthongal as it does not move far in the vowel space; it is located just front of where
maikaʻi words begin. The /ai/ vowels in kaikaina and kaikamahine are much closer to /ei/ than to
/ai/, with a similar trajectory just to the front of the mean of /ei/.
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6.4 Ida Kapuʻihilani Feary-Milton Nāone
6.4.1 Metadata
KLH episode: #013
Birthplace: Moanalua, Oʻahu
About the speaker and the contents of the interview
Ua hānau ʻia ʻo Ida Kapuʻihilani Feary-Milton Nāone i Moanalua, Oʻahu i ka makahiki 1906, a ua
hānai ʻia ʻo ia i Kapālama, Oʻahu. ʻO Louis Feary kona makua kāne, a ʻo Lohelani kona
makuahine. He ʻeono ā Ida mau keiki, me ʻumikūmāiwa moʻopuna. Kūkākūkā ʻo ia e pili i kona
wā ʻōpioipio i Kapālama a i ke kanakē kī. Ua noho ʻo ia i Kaleponi i ka makahiki 1920 no kekahi
mau makahiki, a hoʻokani pila nō me kekahi ʻahahui hīmeni. I Oʻahu nei, ua hana ʻo ia i loko o ka
Hale Aliʻi no ʻumikūmākahi mau makahiki, a ʻo kāna ʻoihana ka pane ʻana i nā nīnau a nā kānaka
kipa.
Ida Kapuʻihilani Feary-Milton Nāone was born in Moanalua, Oʻahu, in 1906, and was raised in
Kapālama, Oʻahu. Her father was Louis Feary and her mother was Lohelani. She had six children,
and at the time of this recording had 19 grandchildren. On the show, she talks about her childhood
in Kapālama and her time living in California for several years in the 1920s. She also discusses
her work in Oʻahu as a guide at the Hale Aliʻi of ʻIolani Palace.
Date of recording: November 1, 1972
Length of full recording: 61:00
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 951
Fast Track maximum frequency range utilized: 5200–6200 Hz
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6.4.2 Monophthongs

Figure 6.16. Ida Nāone. Long and short monophthongs. Means plus ellipses including 67% of
data within that group. Excludes directionals, pronouns, and any tokens directly abutting
other vowels.
Table 6.16. Number of tokens in each vowel category comprising the means in Figure 6.16.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

107

59

32

3

44

6

72

10

13

16
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Ida Nāone’s monophthong vowel space (Figure 6.16) shows some differences compared
to the sample overall. Notably, /ē/, with only three tokens and no ellipse drawn, is shown to overlap
with /i/ and /ī/, much higher and fronter than /e/. /ō/ is also notably higher and backer than /o/,
closer to the means of /u/ and /ū/. Note, however, that low token counts for these vowels may
distort the plot.

6.4.3 Diphthongs
Ida Nāone’s long and short diphthongs are shown in Figure 6.17. Note that no tokens of
/eu/ or /iu/ were measured for this speaker. /ae/ and /ao/ have their lowest points very close to each
other, just below the mean of /a/, while /ai/ and /au/ begin higher in the vowel space and with a
greater difference in backness. /āi/ starts very low, near /ā/, while /āu/ starts raised, closer to /ai/
and /au/. The end points of /ai/, /ae/, and /āi/ are nearly identical, right next to /e/. The trajectory
of /ei/ seems not to rise in the space as much as start and end just higher than /e/. /ou/ also does not
seem very diphthongal, starting and ending very close to /u/. The end point of /ao/ is slightly more
front than the end of /au/ and /ou/. The end point of the one token of /āu/ is far higher than the
mean of /u/.
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Figure 6.17. Ida Nāone. Long and short diphthongs, primary and secondary stress. Smoothed
mean trajectories. Includes directionals, pronouns.
Table 6.17. Number of tokens in each vowel category comprising the means in Figure 6.17.
Vowel

ae

ai

āi

ao

au

āu

ei

oi

ou

# Tokens

7

53

6

5

26

1

13

4

42
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6.4.3.1 A closer look at /ei/ and /ou/

Figure 6.18. Ida Nāone. Mean trajectories of selected vowels, primary and secondary stress.
Includes directionals and pronouns.
Table 6.18. Number of tokens in each vowel category comprising the means in Figure 6.18.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

3

13

6

10

42

16
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Figure 6.18 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For Ida Nāone,
/ei/ seems to start lower than /ē/ and rise, ending at the same location as /ē/. /ī/ is higher than both
of these trajectories. /ō/, /ou/, and /ū/ are close together in the vowel space. /ō/ seems to start close
to the inflection point of /ū/ before moving down in the space and back up. /ū/ seems to move back
in the vowel space before returning front. /ou/ is in a similar location as /ō/, though its end point is
closest to the inflection point of /ū/.
Figure 6.19 shows the trajectories with all pronouns and directionals excluded. While /ei/
is nearly identical with or without pronouns and directionals, /ou/ now appears to both start and
end lower than /ō/, with its highest point not exceeding the highest point of /ō/.
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Figure 6.19. Ida Nāone. Mean trajectories of selected vowels, primary and secondary stress.
Excludes directionals and pronouns.
Table 6.19. Number of tokens in each vowel category comprising the means in Figure 6.19.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

3

6

6

10

2

16
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6.4.4 Variation within and between words
6.4.4.1 Maikaʻi (primary stressed syllable)

Figure 6.20. Ida Nāone. Location of primary stress in maikaʻi, plotted alongside /e/ and /a/
means plus ellipses including 67% of data within that group.
Table 6.20. Number of tokens in each category comprising the tokens in Figure 6.20.
Word

maikaʻi

# Tokens

1
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The word maikaʻi was measured once in Ida Nāone’s sample. As shown in Figure 6.20,
its primary stressed /a/ was pronounced not as other /a/, but very close to the mean of /e/.

6.4.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.21. Ida Nāone. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
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Table 6.21. Number of tokens in each category comprising the tokens in Figure 6.21.
Word

ʻahe

ʻaʻohe

ʻaʻole

ʻale

# Tokens

3

3

6

1

Figure 6.21 depicts the words ʻaʻole, and ʻaʻohe, as well as their spelling variants, which
were measured 10 times for Ida Nāone. All of the primary stressed tokens in these words were
pronounced closer to the distribution of typical /a/ than to /o/.

6.4.4.3 Maikaʻi, laila, and family member words (trajectories)
Figure 6.22 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila and maikaʻi. Both laila and maikaʻi
are much closer to /ei/ than to /ai/, with laila exhibiting especially monophthongal behavior.
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Figure 6.22. Ida Nāone. Maikaʻi-type words and laila, smoothed mean trajectories, plotted
alongside means of /ai/ and /ei/. Includes pronouns and directionals.
Table 6.22. Number of tokens in each category comprising the tokens in Figure 6.22.
Word

laila

maikaʻi

# Tokens

7

1
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6.5 Henry Hanalē Machado
6.5.1 Metadata
KLH episode: #021
Birthplace: Kapālama, Oʻahu
About the speaker and the contents of the interview
Ua hānau ʻo Hanalē Machado i Kapālama, Oʻahu. ʻO Luciano Machado kona makua kāne, ʻo
Kahae Sara Kaʻalekahi kona makuahine, ke keiki mua a Kāwika Kaʻalekahi me Kaleikauʻea
Kaʻalekahi. No Kona, Hawaiʻi mai ka ʻohana, a haʻalele ko Hanalē mākua iā Kona a noho i
Honolulu nei. Komo ʻo Hanalē i ke kula ʻo Kaʻiulani, a pau ke kula i ka makahiki 1922. Walaʻau
ʻo ia e pili ana i nā wahi o kona wā kamaliʻi i loko o Kapālama, like me ke kahawai ʻo Niuhelewai,
kahi i kaua ai nā aliʻi ʻo Kahāhāwai lāua ʻo Kahahana. Hīmeni nō ʻo Hanalē i kekahi mau mele
āna i haku ai no Kapālama. Ua haku nō hoʻi ʻo ia i mau mele e pili ana i kona mau huakaʻi i loko
o kēia pae ʻāina nei, a i nā ʻāina ʻē.
Henry Hanalē Machado was born in Kapālama, Oʻahu to Luciano Machado and Kahae Sara
Kaʻalekahi. His grandparents were Kāwika and Kaleikauʻea Kaʻalekahi, who were from Kona,
Hawaiʻi. He graduated from the Kaʻiulani school in 1922. In this tape, he discusses his childhood
in Kapālama and sings several songs that he composed about Kapālama as well as his travels
through the Hawaiian islands and beyond.
Date of recording: February 6, 1973
Length of full recording: 56:34
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 1,430
Fast Track maximum frequency range utilized: 4500–6000 Hz
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6.5.2 Monophthongs

Figure 6.23. Henry Machado. Long and short monophthongs. Means plus ellipses including
67% of data within that group. Excludes directionals, pronouns, and any tokens directly
abutting other vowels.
Table 6.23. Number of tokens in each vowel category comprising the means in Figure 6.23.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

173

88

60

4

69

16

94

4

42

19
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In Henry Machado’s monophthong vowel space (Figure 6.23), the 67% data ellipses of /e/
and /ē/ do not overlap, with /ē/ being much closer to /i/ and /ī/. The mean of /ō/ is also closer to /u/
than it is to the mean of /o/. /a/ and /ā/ are very close in the vowel space, with /ā/ being slightly
backer.

6.5.3 Diphthongs

Figure 6.24. Henry Machado. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
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Table 6.24. Number of tokens in each vowel category comprising the means in Figure 6.24.
Vowel

ae

ai

āi

ao

au

ei

iu

oi

ou

# Tokens

20

61

10

2

44

10

6

6
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Henry Machado’s long and short diphthongs are shown in Figure 6.24. Note that no
examples of /eu/ or /āu/ were observed in this sample. /ae/ has its lowest point just front of /a/, and
its highest point just higher than /e/. The trajectory of /āi/ is similar to that of /ae/, but starting a bit
lower. /ao/, with only two tokens, is extremely far back in the space and shows a trajectory that
starts and ends at the same point just above /o/, with an excursion downwards in the vowel space.
/ai/ and /au/ start at similar locations far higher than /a/ and end close to /i/ and /u/, respectively.
/iu/ has a trajectory that starts back of /i/ and ends well front of /u/. /ei/ starts much higher than /e/
and ends near /i/, while /ou/ starts at /o/ and ends at /u/.

6.5.3.1 A closer look at /ei/ and /ou/
Figure 6.25 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups, though excluding
these words did not notably change the plot for this speaker. For Henry Machado, /ē/ starts and
ends just lower than /ī/, with its inflection point actually occurring not at the F2 maximum, but at
the F1 maximum. /ei/ goes between the inflection point of /ē/ and the highest point of /ī/.While /ō/
and /ou/ overlap closely, /ō/ falls in the vowel space, while /ou/ rises. Both of these vowels are
lower than /ū/, which shows little change over the course of its trajectory.
Excluding pronouns and directionals did not noticeably change the trajectories shown in
Figure 6.25.
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Figure 6.25. Henry Machado. Mean trajectories of selected vowels, primary and secondary
stress. Includes directionals and pronouns.
Table 6.25. Number of tokens in each vowel category comprising the means in Figure 6.25.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

4

10

16

4

22

19
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6.5.4 Variation within and between words
6.5.4.1 Maikaʻi (primary stressed syllable)

Figure 6.26. Henry Machado. Location of <a> (penultimate vowel) in maikaʻi-type words
plotted alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.26. Number of tokens in each category comprising the tokens in Figure 6.26.
Word

maikaʻi

pōmaikaʻi

# Tokens

2

2
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The word maikaʻi was measured twice and the word pōmaikaʻi was measured twice in
Henry Machado’s sample. As shown in Figure 6.26, the primary stressed /a/ in these words were
closer to /a/ than to /e/, though slightly fronter than the distribution of most /a/.

6.5.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.27. Henry Machado. Location of <o> (penultimate vowel) in ʻaʻole-type words
plotted alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
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Table 6.27. Number of tokens in each category comprising the tokens in Figure 6.27.
Word

ʻaʻole

ʻale

# Tokens

6

1

Figure 6.27 depicts the words ʻaʻole and the variant ʻale, which were measured 7 times for
Henry Machado. The majority of the primary stressed tokens in these words were pronounced
closer to the distribution of typical /a/ than to /o/.

6.5.4.3 Maikaʻi and laila words (trajectories)
Figure 6.28 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi, and pōmaikaʻi (included in
the average for maikaʻi). For Henry Machado, maikaʻi and pōmaikaʻi appear to have trajectories
typical of other /ai/ words. Laila has a trajectory shorter than typical /ai/ words, indicating a degree
of monophthongization. Its starting point is located in between that of /ai/ and /ei/, and its end point
does not reach as high as the end points of either of those diphthongs.

242

Figure 6.28. Henry Machado. Maikaʻi-type words and laila, smoothed mean trajectories,
plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
Table 6.28. Number of tokens in each category comprising the tokens in Figure 6.28.
Word

laila

maikaʻi

pōmaikaʻi

# Tokens

13

2

2
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6.6 Lilian Victor
6.6.1 Metadata
KLH episode: #032
Birthplace: Lāhaina, Maui
About the speaker and the contents of the interview
ʻO ke one hānau o Lilian Victor ʻo ke awāwa o Kahoma, ma lalo o ke kula o Lāhaina Luna ma ka
mokupuni o Maui. ʻO Elizabeth Kahoaliʻi kona makuahine, ʻo George Keoki Fredrick Holmes
kona makua kāne. ʻO George Mahiʻai Kuehu kona kupuna kāne, ʻo Kaʻiminaʻauaoomaukaʻa kona
kupuna wahine. I ko lāua wā kamaliʻi, ua hānai ʻia lāua i Hānaiakamalama, Nuʻuanu, me ka Mōʻī
Wahine ʻo Emma. I ka piha ʻana iā Lilian he ʻelua makahiki, ua lawe ʻia ʻo ia i Ke Pani Wai ʻo
ʻĪao. Ua hānai ʻia ʻo ia i laila a i ka piha ʻana he ʻeiwa makahiki. I ia manawa nō i hala ai kona
kupuna kāne, a neʻe ka ʻohana i Oʻahu nei. He kamaʻāina nō ʻo ia no Oʻahu mai ia manawa mai.
Lilian Victor was born in Kahoma Valley outside of Lāhaina, Maui. From ages two to nine, she
was raised in ʻĪao, and subsequently the family moved to Oʻahu. The family had roots in Honuʻapo,
Kaʻū, Hawaiʻi, and had served as attendants of Queen Emma at Hānaiakamalama, Nuʻuanu, Oʻahu
before settling in Maui. Lilian is a deeply religious woman, whose Mormon faith guides her drive
to do extensive public service. In describing her baptism in the waters of ʻĪao, she explains the
history behind the term Ke Pani Wai ʻo ʻĪao, which refers to the damming of the valley’s stream
with bodies during Kamehameha’s battle with Kalanikūpule. She then elaborates on the
differences and similarities between traditional Hawaiian conceptions of akua and her deep belief
in salvation through Christ. She notes that she works with people of various religions and serves
on committees in several churches. Her career in public service also included being an aide to
Kamokila Campbell, territorial senator from Maui.
Date of recording: April 24, 1973
Length of full recording: 53:14
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 2,893
Fast Track maximum frequency range utilized: 5000–6000 Hz
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6.6.2 Monophthongs

Figure 6.29, Lilian Victor. Long and short monophthongs. Means plus ellipses including 67%
of data within that group. Excludes directionals, pronouns, and any tokens directly abutting
other vowels.
Table 6.29. Number of tokens in each vowel category comprising the means in Figure 6.29.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

253

135

118

5

124

12

255

66

102

28
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Lilian Victor’s monophthong vowel space (Figure 6.29), like that of other speakers, shows
close similarities in quality between pairs of short and long vowels, with the exception of /ē/, which
slightly higher and much farther front than /e/ – farther front, in fact, than even /i/ or /ī/.

6.6.3 Diphthongs

Figure 6.30. Lilian Victor. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals and pronouns.
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Table 6.30. Number of tokens in each vowel category comprising the means in Figure 6.30.
Vowel

ae

ai

āi

ao

au

āu

ei

iu

oi

ou

# Tokens

18

124

27

7

114

2

22

1

24

84

Lilian Victor’s long and short diphthongs are shown in Figure 6.30. /ae/ and /ao/ have their
lowest points close to the mean of /a/, while /ai/ and /au/ start higher. There is also a noticeable
difference in F2 between the lowest points of /ai/ and /au/. /ae/ ends at /e/ and /ai/ ends just back
of /i/. /au/ ends just front of /u/, while /ao/ ends well below /o/. /āi/ has a longer trajectory than /ai/
or /ae/, extending from the bottom of the vowel space just above /ā/ to just back of /i/. /āu/, with
only two tokens observed, starts higher in the vowel space, though not as high as /au/ or /ai/, and
ends between /u/ and /o/. Note that no tokens of /eu/ were observed for this speaker. /ou/ has a
rather short trajectory, starting higher than /o/ and ending near /u/. /ei/ starts near /e/ before
fronting, rising, and backing in a U-shape.

6.6.3.1 A closer look at /ei/ and /ou/
Figure 6.31 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For Lilian Victor,
it appears that /ei/ starts close to /ē/ and ends just below /ī/. /ō/ has a slightly up-gliding trajectory;
/ou/ starts higher than where /ō/ ends, and also has an upgliding trajectory. /ū/ starts where /ou/
ends and its trajectory goes slightly front.
Figure 6.32, in which pronouns and directionals are excluded, shows a more extreme
trajectory for both /ei/ and /ou/: /ei/ ends slightly higher than in Figure 6.31, and /ou/ starts right
in the center of the /ō/ trajectory and ends higher than /ū/.
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Figure 6.31. Lilian Victor. Mean trajectories of selected vowels, primary and secondary stress.
Includes directionals and pronouns.
Table 6.31. Number of tokens in each vowel category comprising the means in Figure 6.31.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

5

22

12

66

84

28

248

Figure 6.32. Lilian Victor. Mean trajectories of selected vowels, primary and secondary stress.
Excludes directionals and pronouns.
Table 6.32. Number of tokens in each vowel category comprising the means in Figure 6.32.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

5

9

12

66

6

28
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6.6.4 Variation within and between words
6.6.4.1 Maikaʻi (primary stressed syllable)

Figure 6.33. Lilian Victor. Location of <a> (penultimate vowel) in maikaʻi-type words plotted
alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.33. Number of tokens in each category comprising the tokens in Figure 6.33.
Word

hoʻomaikaʻi

lokomaikaʻi

maikaʻi

# Tokens

3

4

1
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The words hoʻomaikaʻi (“improve”), lokomaikaʻi (“good-hearted”), and maikaʻi (“good”)
were measured a total of eight times in Lilian Victor’s sample. As shown in Figure 6.33, the
primary stressed /a/ in these words were pronounced not as other /a/, but very close to the mean of
/e/.

6.6.4.2 ʻAʻole-type words (primary stressed syllable)
Figure 6.34 depicts the words hope, ʻaʻole, and ʻaʻohe, as well as their spelling variants,
which were measured 37 times for Lilian Victor. All of these words exhibited variation between
/o/ and /a/ in their primary stressed syllable. When the locations of these primary stressed vowels
are plotted, two clusters are apparent, one close to the typical /o/ distribution, and one close to the
typical /a/ distribution.
Figure 6.35 depicts these same tokens, marked by whether or not they come at the end of
an utterance – that is, whether they are followed by word or by a silence/pause. Lilian Victor
exhibits a robust pattern whereby these words (or possibly just ʻaʻole and hope), when produced
utterance-finally, are more likely to be pronounced with an /o/; otherwise, they are more likely to
be pronounced as /a/.
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Figure 6.34. Lilian Victor. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.34. Number of tokens in each category comprising the tokens in Figure 6.34.
Word

hope

ʻahe

ʻaʻohe

ʻaʻole

ʻale

# Tokens

3

3

9

13

9
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Figure 6.35. Lilian Victor. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group. Labelled by
whether or not the token is utterance-final (followed by a pause or silence).

6.6.4.3 Maikaʻi, laila, and family member words (trajectories)
Figure 6.36 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi-type words, and words
beginning with kaik-. All of these words exhibit trajectories resembling /ei/ more than /ai/.
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Maikaʻi-type words start more central than /ei/ but much more raised than /ai/, while the average
of the one token of kaikamahine and the one token of kaikunāne start close to /ei/ and end in a
more central location.

Figure 6.36. Lilian Victor. Maikaʻi-type words, laila, and family member words, smoothed
mean trajectories, plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
Table 6.35. Number of tokens in each category comprising the tokens in Figure 6.36.
Word

hoʻomaikaʻi

kaikamahine

kaikunāne

laila

lokomaikaʻi

maikaʻi

# Tokens

3

1

1

8

5

1
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6.7 David Kaʻalakea
6.7.1 Metadata
KLH episode: #063
Birthplace: Kīpahulu, Maui
About the speaker and the contents of the interview
Ua hānau ʻia ʻo Kawika Kaʻalakea i Kīpahulu, Maui, i ka makahiki 1919. ʻO Henry Kaʻōnohi
Kaʻalakea kona makua kāne. Ua mālama ʻo ia i kona kupunawahine makapō, ʻo Kaleohano
Kupanihi kona inoa. Haʻi ʻo ia e pili ana i ke ʻano o ka lawaiʻa ʻana i Kīpahulu– nui nō kona
naʻauao i nā ʻano ʻupena o ka wā kahiko. Walaʻau hoʻi ʻo ia e pili ana i nā ʻano kalo o ia ʻāina a i
ka hana paniolo. Hīmeni nō hoʻi ʻo ia.
David Kaʻalakea was born in Kīpahulu, Maui in 1919 to Henry Kaʻōnohi Kaʻalakea. His
grandmother was Kaleohano Kupanihi, and he took care of her for much of his life because she
was blind. He tells many stories about traditional fishing methods in Kīpahulu, types of taro in the
area, and working as a paniolo. He also sings several songs.
Date of recording: April 21, 1974
Length of full recording: 94:26
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 3,786
Fast Track maximum frequency range utilized: 4500–6000 Hz
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6.7.2 Monophthongs

Figure 6.37. David Kaʻalakea. Long and short monophthongs. Means plus ellipses including
67% of data within that group. Excludes directionals, pronouns, and any tokens directly
abutting other vowels.
Table 6.36. Number of tokens in each vowel category comprising the means in Figure 6.37.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

399

221

216

8

235

28

249

68

98

43
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In David Kaʻalakea’s monophthong vowel space (Figure 6.37) the pairs of long and short
vowels tend to overlap to a great degree, except in the case of /ē/, which is closer to /i/ than it is to
/e/. /ō/ is also notably more peripheral than /o/.

6.7.3 Diphthongs

Figure 6.38. David Kaʻalakea. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
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Table 6.37. Number of tokens in each vowel category comprising the means in Figure 6.38.
Vowel

ae

ai

āi

ao

au

āu

ei

eu

iu

oi

ou

# Tokens

21

96

37

22

75

1

20

7

9

11

103

David Kaʻalakea’s long and short diphthongs are shown in Figure 6.38. /ae/ and /ao/ both
start backer than /a/, though /ae/ reaches its lowest point right at the mean point of /a/. /ae/ ends
lower than /e/ and /ao/ ends lower than /o/. /ai/ and /au/ start notably raised, and their starting points
are distinguished in F2. /ai/ ends back of /i/ and /au/ ends below and to the front of /u/. /āi/ starts
lower than the means of /a/ and /ā/ and ends just back of /i/. The one token of /āu/ starts raised,
between the starting points of /au/ and /ao/, and ends near /u/. /ei/ is very close to /i/ and exhibits
a U-shape in which it moves forward and back rather than a rise. /ou/ is also fairly monophthongal,
with a small, front-gliding trajectory located between /o/ and /u/.

6.7.3.1 A closer look at /ei/ and /ou/
Figure 6.39 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For David
Kaʻalakea, /ei/ and /ou/ are very monophthongal: /ē/ has a longer trajectory than /ei/, and /ou/
seems to have comparable trajectory to /ū/. /ei/ and /ou/ are differentiated from their neighboring
vowels by the location of their trajectories. /ei/ starts where /ē/ starts and ends closer to /ī/, while
/ē/ glides back and down and then upwards in a V-shape. /ou/ is located mid-way between /ū/ and
/ō/.
Figure 6.40 displays these vowels without pronouns and directionals included. /ei/ has a
more clearly up-gliding trajectory, and now ends inside the trajectory of /ī/. /ou/ is now a truly
upgliding diphthong, starting at /ō/ and ending just back of /ū/.
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Figure 6.39. David Kaʻalakea. Mean trajectories of selected vowels, primary and secondary
stress. Includes directionals and pronouns.
Table 6.38. Number of tokens in each vowel category comprising the means in Figure 6.39.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

8

20

28

68

103

43
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Figure 6.40. David Kaʻalakea. Mean trajectories of selected vowels, primary and secondary
stress. Excludes directionals and pronouns.
Table 6.39. Number of tokens in each vowel category comprising the means in Figure 6.40.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

8

5

28

68

4

43
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6.7.4 Variation within and between words
6.7.4.1 Maikaʻi (primary stressed syllable)

Figure 6.41. David Kaʻalakea. Location of <a> (penultimate vowel) in maikaʻi-type words
plotted alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.40. Number of tokens in each category comprising the tokens in Figure 6.41
Word

maikaʻi

maitaʻi

# Tokens

2

10
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The word maikaʻi (and its variant maitaʻi) was measured 12 times in David Kaʻalakea’s
sample. As shown in Figure 6.41, the primary stressed /a/ in these words were pronounced not as
other /a/, but in two clusters: one cluster just above and front of the mean of /e/, and one centralized
above and to the back of /e/. It is not yet clear what factors, if any, might be responsible for this
bimodal patterning of maikaʻi tokens in David Kaʻalakea’s speech.

6.7.4.2 ʻAʻole-type words (primary stressed syllable)
Figure 6.42 depicts the words hope, ʻaʻole, and ʻaʻohe, as well as their spelling variants,
which were measured 75 times for David Kaʻalakea. The vast majority of the primary stressed
tokens in these words were pronounced closer to the distribution of typical /a/ than to /o/.
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Figure 6.42. David Kaʻalakea. Location of <o> (penultimate vowel) in ʻaʻole-type words
plotted alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.41. Number of tokens in each category comprising the tokens in Figure 6.42.
Word

hope

ʻaʻohe

ʻaʻole

ʻale

# Tokens

6

1

21

47
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6.7.4.3 Maikaʻi, laila, and family member words (trajectories)

Figure 6.43. David Kaʻalakea. Maikaʻi-type words, laila, and family member words, smoothed
mean trajectories, plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
Table 6.42. Number of tokens in each category comprising the tokens in Figure 6.43.
Word

kaikamahine

kaikuahine

kaikunāne

laila

maikaʻi

maitaʻi

# Tokens

3

2

3

21

2

11
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Figure 6.43 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi, and words beginning with
kaik-. Laila and the kaik- words have trajectories very close to the typical fairly monophthongal
/ei/ trajectory. Maikaʻi and maitaʻi have a trajectory that starts far more raised than /ai/ but more
back than /ei/ and goes toward the high front corner of the vowel space.
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6.8 Sadie Kaluhiʻōpiopio Beebe
6.8.1 Metadata
KLH Episode: #033
Birthplace: Kahaluʻu, Kona, Hawaiʻi
About the speaker and the contents of the interview:
Ua hānau ʻia ʻo Sadie Kaluhiʻōpiopio Beebe ma Kahaluʻu, Hawaiʻi, i ka moku o Kona. Hānai ʻia
ʻo ia e kona mau kūpuna, ʻo Levi Kekuni me Kekauʻokoʻa. Kamaʻāina ʻo ia i ke kanu kope i kona
wā kamaliʻi. Wehewehe ʻo ia i ke kumu ona i kāhea ʻia ai ʻo Kaluhiʻōpiopio. Kamaʻilio ʻo ia e pili
i kona hele ʻana i ke kula ʻo Keauhou, a maopopo iā ia kekahi mau kumu kula i laila. Ua haʻalele
ʻo ia i ka moku o Keawe i loko o ka papa ʻeono, a neʻe ʻo ia i Honolulu. I ka wā i kipa ai ʻo ia i
KLH, noho ʻo ia i Oʻahu, a ua piha nā makahiki he kanahikukūmāhā. Hana ʻo ia me Mālia Solomon
i loko o Ulu Mau Village. Kamaʻilio ʻo ia e pili i ka hana kapa kahiko.
Sadie Kaluhiʻōpiopio Beebe was born in Kahaluʻu, Kona, Hawaiʻi. She was raised by her
grandfather, Levi Kekuni, and her grandmother, Kekauʻokoʻa. In this interview, she talks about
growing coffee with her grandparents and about the teachers she had at the Keauhou School. She
left for Honolulu after the sixth grade. At the time of recording, was 74 years old and lived on
Oʻahu. She also discusses working with Mālia Solomon producing traditional kapa at Ulu Mau
Village.
Date of recording: May 1, 1973
Length of full recording: 55:34
Number of vowel tokens measured overall: 1,599
Fast Track maximum frequency range utilized: 6000–8000 Hz
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6.8.2 Monophthongs

Figure 6.44. Sadie Beebe. Long and short monophthongs. Means plus ellipses including 67%
of data within that group. Excludes directionals, pronouns, and any tokens directly abutting
other vowels.
Table 6.43. Number of tokens in each vowel category comprising the means in Figure 6.44.
Vowel

a

ā

e

ē

i

o

ō

u

ū

# Tokens

153

77

64

2

73

102

30

66

31
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In analyzing Sadie Beebie’s monophthong vowel space (Figure 6.44), it must be taken into
consideration that there were no /ī/ tokens measured, and only two /ē/ tokens. /ē/ exhibits raising
compared to /e/, and /ā/, /ō/, and /ū/ are more peripheral than their short counterparts.

6.8.3 Diphthongs

Figure 6.45. Sadie Beebe. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
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Table 6.44. Number of tokens in each vowel category comprising the means in Figure 6.45.
Vowel

ae

ai

āi

ao

au

ei

iu

oi

ou

# Tokens

21

58

9

13

43

26

1

1

18

Sadie Beebe’s long and short diphthongs are shown in Figure 6.45. The lowest point of /ae/
is right at the mean of /a/, while /ao/ starts farther back and higher. While /ae/ ends above /e/, /ao/
is more monophthongal and ends below /o/. /au/ and /ai/ start raised compared with /ae/ and /ao/,
are differentiated from each other in backness, and end at /u/ and /i/ respectively. /āi/ has a long
trajectory reaching from /ā/ to /i/. The one token of /iu/ starts very high and front but does not seem
to go very far back in the space. /ei/ begins higher than /e/ and exhibits a U-shaped trajectory. /ou/
goes from slightly above /o/ to slightly back of /u/, with a U-shaped trajectory. Note that no /eu/
or /āu/ were observed for this speaker.

6.8.3.1 A closer look at /ei/ and /ou/
Figure 6.46 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ē/, /ū/, and
/ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For Sadie Beebe, /ei/
is differentiated from /ē/ by starting higher and fronter and moving upward in the space, while
/ē/goes around in a circle. /ū/, like /ē/, seems monophthongal. /ō/ glides upward, and /ou/ begins
where /ō/ ends and glides further upward toward /ū/.
In Figure 6.47, which does not include directionals and pronouns, /ei/ is observed to start
lower and end higher, exhibiting a far more diphthongal trajectory than /ē/. /ou/ also starts lower,
and ends even closer to the mean of /ū/.
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Figure 6.46. Sadie Beebe. Mean trajectories of selected vowels, primary and secondary stress.
Includes directionals and pronouns.
Table 6.45. Number of tokens in each vowel category comprising the means in Figure 6.46.
Vowel

ē

ei

ō

ou

ū

# Tokens

2

26

30

18

31
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Figure 6.47. Sadie Beebe. Mean trajectories of selected vowels, primary and secondary stress.
Excludes directionals and pronouns.
Table 6.46. Number of tokens in each vowel category comprising the means in Figure 6.47.
Vowel

ē

ei

ō

ou

ū

# Tokens

2

6

30

3

31
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6.8.4 Variation within and between words
6.8.4.1 Maikaʻi (primary stressed syllable)

Figure 6.48. Sadie Beebe. Location of <a> (penultimate vowel) in maikaʻi-type words plotted
alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.47. Number of tokens in each category comprising the tokens in Figure 6.48.
Word

maikaʻi

# Tokens

2
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The word maikaʻi was measured two times in Sadie Beebe’s sample. As shown in Figure
6.48, the primary stressed /a/ in these words were pronounced closer to /a/ than to /e/, but were
fronter than the mean of /a/.

6.8.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.49. Sadie Beebe. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
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Table 6.48. Number of tokens in each category comprising the tokens in Figure 6.49 and 6.50.
Word

ʻaʻohe

ʻaʻole

ʻale

# Tokens

6

20

3

Figure 6.50. Sadie Beebe. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group. Labelled by
whether or not the token is utterance-final (followed by a pause or silence).
Figure 6.49 depicts the words ʻaʻole and ʻaʻohe, as well as their spelling variants, which
were measured 29 times for Sadie Beebe. The primary stressed tokens in these words varied in
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pronunciation from /o/ to /a/, with a range of intermediate pronunciations. Figure 6.50 shows that
there is not a strong correlation between utterance finality and whether these words are pronounced
closer to /o/ or to /a/.

6.8.4.3 Maikaʻi, laila, and family member words (trajectories)

Figure 6.51. Sadie Beebe. Maikaʻi-type words, laila, and family member words, smoothed
mean trajectories, plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
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Table 6.49. Number of tokens in each category comprising the tokens in Figure 6.51.
Word

kaikamahine

laila

maikaʻi

# Tokens

6

14

2

Figure 6.51 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi, and kaikamahine. Maikaʻi
starts and ends higher than typical /ai/ words. Laila and kaikamahine are much closer to /ei/ than
to /ai/.
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6.9. Joseph Makaʻai
6.9.1 Metadata
KLH episode: #016
Birthplace: Puʻuanahulu, Kona, Hawaiʻi
About the speaker and the contents of the interview
Ua hānau ʻia ʻo Iokepa Makaʻai i Puʻuanahulu, Kona, Hawaiʻi. Ua hānai ʻia ʻo ia i Kaʻūpūlehu a
hiki i ka piha ʻana o kona makahiki he ʻumikūmāono. No Puʻuanahulu mai kona makuahine. No
Kaʻūpūlehu mai kona mau kūpuna. ʻO Mahikō ka inoa o kona kupuna kāne, ʻo Kahiko ka inoa o
kona kupunahine ma ka ʻaoʻao o kona makua kāne. Haʻi ʻo Iokepa e pili ana i ka manaʻo o ka inoa
ʻo Kaʻūpūlehu. Nui kona naʻauao no ka lawaiʻa ʻōpelu, a hōʻike pū i kekahi mau ʻano ʻupena. Haʻi
nō hoʻi ʻo ia i ka moʻolelo o Kahāwaliwali.
Joseph Makaʻai was born in Puʻanahulu, Kona, Hawaiʻi. He was riased in Kaʻūpūlehu until he was
16. His family was from this area of Hawaiʻi Island. His grandfather’s name was Mahikō Makaʻai
and his grandmother on his father’s side was Kahiko. In this interview, Joseph talks about the
origin of the name Kaʻūpūlehu, about fishing, and about different types of nets. He also tells the
story of Kahāwaliwali.
Date of recording: November 21, 1972
Length of full recording: 58:38
Number of vowel tokens, after excluding articles, particles, function words, demonstratives,
interrogatives, mea, manawa, and all tokens abutting other vowels: 2,493
Fast Track maximum frequency range utilized: 5400–6100 Hz
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6.9.2 Monophthongs

Figure 6.52. Joseph Makaʻai. Long and short monophthongs. Means plus ellipses including
67% of data within that group. Excludes directionals, pronouns, and any tokens directly
abutting other vowels.
Table 6.50. Number of tokens in each vowel category comprising the means in Figure 6.52.
Vowel

a

ā

e

ē

i

ī

o

ō

u

ū

# Tokens

242

105

112

9

152

15

165

52

75

43

278

Joseph Makaʻai’s monophthong vowel space (Figure 6.52) is very similar to the one shown
for the sample overall. /ē/ is fronter than /e/, closer to the mean of /i/. It also appears that the
distribution of /ā/ comprises a lower and backer subset of the distribution of /a/. All of the long
vowels are more peripheral than their short counterparts.

6.9.3 Diphthongs
Joseph Makaʻai’s long and short diphthongs are shown in Figure 6.53. Interestingly, /ae/
and /au/ begin in a very similar place, while /ao/ begins lower, just back of the mean of /a/. The
starting point of /ai/ is raised and fronted compared to these other vowels. /ai/ and /au/ end right at
/i/ and /u/ respectively. /ao/ ends just below /o/ and /ae/ ends above /e/. /āi/ and the one token of
/āu/ both begin low in the vowel space; /āi/ ends just below /i/, while /āu/ ends above /u/. /ei/ has
a very short trajectory that begins and ends just back of /i/.
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Figure 6.53. Joseph Makaʻai. Long and short diphthongs, primary and secondary stress.
Smoothed mean trajectories. Includes directionals, pronouns.
Table 6.51. Number of tokens in each vowel category comprising the means in Figure 6.51.
Vowel

ae

ai

āi

ao

au

āu

ei

oi

ou

# Tokens

73

126

14

12

63

1

20

2

26

280

6.9.3.1 A closer look at /ei/ and /ou/

Figure 6.54. Joseph Makaʻai. Mean trajectories of selected vowels, primary and secondary
stress. Includes directionals and pronouns.
Table 6.52. Number of tokens in each vowel category comprising the means in Figure 6.54.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

9

20

15

52

26

43
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Figure 6.54 displays the smoothed mean trajectories of /ei/ and /ou/ alongside /ī/, /ē/, /ū/,
and /ō/. This plot includes directionals and pronouns in the /ei/ and /ou/ groups. For Joseph
Makaʻai, it appears that /ei/ starts just above /ē/ and ends at /ī/. /ō/ has a slightly up-gliding
trajectory; /ou/ starts where /ō/ ends, and also has an upgliding trajectory that takes it above the
trajectory of /ū/.

Figure 6.55. Joseph Makaʻai. Mean trajectories of selected vowels, primary and secondary
stress. Excludes directionals and pronouns.
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Table 6.53. Number of tokens in each vowel category comprising the means in Figure 6.55.
Vowel

ē

ei

ī

ō

ou

ū

# Tokens

9

4

15

52

6

43

Figure 6.55, in which pronouns and directionals are excluded, shows longer trajectories for
/ei/ and /ou/. /ei/ now begins below /ē/ and ends above /ī/, while /ou/ begins where /ō/ begins and
continues to rise to the space of /ū/.

6.9.4 Variation within and between words
6.9.4.1 Maikaʻi (primary stressed syllable)
The word maikaʻi was measured twice in Joseph Makaʻai’s data sample. As shown in
Figure 6.56, the primary stressed /a/ in these words were pronounced not as other /a/, but closer
to the distribution of /e/.
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Figure 6.56. Joseph Makaʻai. Location of <a> (penultimate vowel) in maikaʻi-type words
plotted alongside /e/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.54. Number of tokens in each category comprising the tokens in Figure 6.56.
Word

maikaʻi

# Tokens

2
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6.9.4.2 ʻAʻole-type words (primary stressed syllable)

Figure 6.57. Joseph Makaʻai. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group.
Table 6.55. Number of tokens in each category comprising the tokens in Figure 6.57 and 6.58.
Word

hope

ʻaʻohe

ʻaʻole

ʻale

ʻohe

# Tokens

4

2

21

6

2

285

Figure 6.57 depicts the words hope, ʻaʻole, and ʻaʻohe, as well as their spelling variants,
which were measured 35 times for Joseph Makaʻai. The majority of the primary stressed tokens in
these words were pronounced closer to the distribution of typical /a/ than to /o/, with some
distributed in-between.

Figure 6.58. Joseph Makaʻai. Location of <o> (penultimate vowel) in ʻaʻole-type words plotted
alongside /o/ and /a/ means plus ellipses including 67% of data within that group. Labelled by
following word rather than with the ʻaʻole-type word.
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Figure 6.58 depicts these same tokens, marked by whether or not they come at the end of
an utterance – that is, they are followed by a silence or pause. Unlike for some other speakers,
there is no indication of a pattern in which utterance-final tokens are more likely to have /o/.

6.9.4.3 Maikaʻi, laila, and family member words (trajectories)

Figure 6.59. Joseph Makaʻai. Maikaʻi-type words, laila, and family member words, smoothed
mean trajectories, plotted alongside means of /ai/ and /ei/. Includes pronouns and directionals.
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Table 6.56. Number of tokens in each category comprising the tokens in Figure 6.59.
Word

kaikaina

kaikamahine

kaikuaʻana

laila

maikaʻi

# Tokens

2

2

2

26

2

Figure 6.59 depicts the average smoothed trajectories of /ai/ and /ei/ (including pronouns
and directionals) alongside the smoothed trajectories of laila, maikaʻi, and family member terms
beginning with kaik-. Maikaʻi is raised compared to other /ai/ words, starting and ending higher
and fronter in the vowel space than typical /ai/ words. Laila and the words kaikaina, kaikamahine,
and kaikuaʻana behave more like /ei/ words.

6.10 Discussion
This chapter has investigated variation in vowel productions between and within speakers,
showing plots of the monophthongs and diphthongs of Hawaiian as spoken by each individual
mānaleo in this dissertation’s sample.
Within each speaker’s monophthong system, /ē/ was notably closer to /i/ than to /e/,
reflecting the overall system noted in Chapter 4. This raising is an unexpected finding given
previous accounts of Hawaiian that describe all long/short pairs of vowels as being close in quality.
Further work is necessary to verify these results in a larger sample and with different types of
Hawaiian speakers, but these findings indicate that perhaps the long and short monophthong pairs
are not as equivalent in quality as previously assumed.
Speakers generally exhibited differences between their aV diphthongs in terms of both the
F1 and F2 of the starting point and/or lowest point in their trajectories. This finding, echoing what
is found in Chapter 5, indicates that aV diphthongs may be best described as starting not only in
two locations (as proposed by Parker Jones 2018) but indeed as starting in four different locations.
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Particular attention has also been paid to variation within certain vowel classes and words.
/ei/ and /ou/ have been investigated in more depth in order to ascertain how they are pronounced
in comparison with /ē/, /ī/, /ō/, and /ū/, as well as how the inclusion of pronouns and directionals
may affect their pronunciation. The words laila, maikaʻi, and family member terms beginning with
kaik- were also investigated more closely because of previous indications that they might behave
differently from what would be expected from their spelling. In most cases, speakers are shown to
have a vowel more similar to /ei/ than /ai/ in these words. Furthermore, these data have also
demonstrated that for most speakers in the sample, the /a/ in maikaʻi is pronounced more like a
typical /e/ than a typical /a/.

6.10.1 Apparent mergers: The cases of /ei~ē/, /ou~ō/, and /āi~ae/
NeSmith (2005) reports that for Type-1 Hawaiian speakers, /ō/ and /ē/ are kept distinct
from /ou/ and /ei/. In the overall data (Figure 5.14), TL and VL are not significantly different from
each other in these pairs, but their trajectories are located in distinct parts of the vowel space,
sufficing to distinguish them. This chapter has demonstrated, though, that variation exists between
speakers in terms of pronunciation of these vowels, particularly the /ei~ē/ pair. For some speakers
(Rachel Mahuiki, Alfred Apaka, Henry Machado, Joseph Makaʻai), /ei/ is found to start front
and/or higher than /e/ and only have a short trajectory toward /i/, while in other speakers (Ida
Nāone, Lilian Victor) the trajectory of /ei/ is rather U-shaped instead of consistently rising. Both
of these observations are true for David Kaʻalakea and Sadie Beebe. While most speakers have a
clear distinction between /ei/ and /ē/ either based on trajectory direction (Alfred Apaka), location
(Rachel Mahuiki, Henry Machado), or both (Lilian Victor, David Kaʻalakea, Sadie Beebe, Joseph
Makaʻai), Ida Nāone lacks this distinction. Unlike for other speakers, excluding directionals and
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pronouns does not enhance the distinction in Ida Nāone’s data; her speech therefore exhibits a full
spectral merger between /ei/ and /ē/.
/ou/ was observed to start close to /o/ and end close to /u/ for Rachel Mahuiki, Alfred
Apaka, Henry Machado, Lilian Victor, Sadie Beebe, and Joseph Makaʻai, while the entire
trajectory of /ou/ was markedly raised and articulated in the region of /u/ for Ida Nāone and David
Kaʻalakea. While most speakers had a clear distinction between /ou/ and /ō/ either based on
trajectory direction (Henry Machado), location (Alfred Apaka, Rachel Mahuiki, Sadie Beebe,
Joseph Makaʻai), or both (Lilian Victor, David Kaʻalakea), Ida Nāone lacked this distinction.
Unlike for other speakers, excluding directionals and pronouns did not enhance the distinction in
Ida Nāone’s data. Alfred Apaka also notably exhibited very similar /ou/ and /ū/ trajectories.
In addition, for most speakers, /āi/ starts lower than /ae/ and ends close to the end of /ai/.
There is some individual variation in this pattern, however. Two speakers, Alfred Apaka and Ida
Nāone, exhibit what seems to be a spectral merger between /ae/ and /āi/, with both vowels starting
below /a/ and ending at /e/. As with Ida Nāone’s apparent merger of /ei/ and /ē/, future work should
consider whether these pairs are distinguished along another dimension, such as duration.
I believe that some aspects of these speakers’ biographies may shed light – purely
speculatively, for the moment – on why they exhibit such high overlap between these vowel
classes. My speculation stems from the observation that Alfred Apaka and Ida Nāone in particular
may have experienced atypical acqusition or a notable amount of language attrition over the course
of their lives.
Andersen (1982) hypothesizes that when individual bilingual speakers experience
decreased exposure, usage, or fluency in a threatened language, a) they are likely to make fewer
phonological distinctions in that language; b) they will preserve distinctions that exist in both the
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dominant and threatened language; and c) distinctions with a higher functional load will be
preserved longer than distinctions with a low functional load. In the case of Hawaiian coming into
contact with English, a set of specific hypotheses could be formulated as follows. A bilingual
speaker whose competence in Hawaiian weakens over the course of their life would be a) expected
to make fewer distinctions within their vowel space, resulting in potential mergers among vowels
like /āi, ai, ae, āu, au, ao, ē, ei, ō, ou/; b) contact with American English, which contains four
phonemes /ai/, /au/, /ei/, and /ou/, will make it more likely for the sub-groups of /āi, ai, ae/, /āu, au,
ao/, /ē, ei/, and /ō, ou/ to be merged, but less likely for sub-groups like /ai, ei/ or /au, ou/ to merge;
and c) merger of /ai~ae/ is less likely than merger of /ae~āi/ or /ai~āi/, because there are dozens of
minimal pairs between /ai/ and /ae/ (pai ‘urge’ ~ pae ‘cluster’, ʻai ‘eat’ ~ ʻae ‘yes’, mai
‘directional’ ~ mae ‘wilt’, etc.) but virtually none in the other pairs (ʻaina ‘meal’ ~ ʻāina ‘land’
being the only obvious one).
Alfred Apaka’s Hawaiian acquisition did not begin until age 7.5, and he left Kauaʻi for
Honoulu at age 15. While he may have continued to speak Hawaiian with some people on Oʻahu,
by the early twentieth century the domains in which Hawaiian was spoken had declined in
Honolulu. He later lived in Molokaʻi, where he presumably had increased exposure to Hawaiian
once again. It is therefore possible that having grown up surrounded first by Chinese on Kauaʻi
and then an increasing amount of English on Oʻahu, his acquisition of Hawaiian is not prototypical
of ‘native speakers’ who may have experienced less transfer from other languages in the course of
their acquisition. I speculate that the merger of /āi~ae/ may be related to his atypical pattern of
acquisition, as it is in line with the predictions outlined above. The finding that he exhibits very
close /ou/ and /ū/ trajectories in particular, though, is not necessarily expected from the point of
view of transfer from English.
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Ida Nāone was born on Oʻahu in 1906 and spent her early years in Honolulu, which at that
point was already undergoing widespread transfer to English in most domains. She also lived in
California for several years in the 1920s, another possible way that increasing use of English could
have affected her speech in Hawaiian. The other speakers in this sample, though overall highly
mobile between the Hawaiian Islands, did not report spending the same amount of time outside of
the islands. I speculate that these mergers in her vowel system could be due to influence from
English, following the predictions outlined above.

6.10.3 Between-word variation
Kinney (1956) noted that certain words containing /ai/ are pronounced more like /ei/ most
of the time. These words included kaikamahine (“girl”), kaikuaʻana (“older sibling”), kaikunāne
(“brother”), kaikaina (“younger sibling”), kaikuahine (“sister”), maikaʻi (“good”), and laila
(“there”). The observation that /ai/ behaves differently in this set of words was confirmed, though
the trajectories were not always identical to that of /ei/. The trajectory of the /ai/ in maikaʻi is
notably raised for all speakers except for Henry Machado. For Ida Nāone, the /ai/ in maikaʻi is
especially similar to the trajectory of a typical /ei/. The word laila is also not pronounced with a
typical /ai/, and is closer to an /ei/ for all speakers except Alfred Apaka, for whom it is centralized
and monophthongal, and for Henry Machado, for whom it appears intermediate between /ai/ and
/ei/. Family member terms beginning with kaik-, have /ai/ that is also atypical for /ai/ but very
similar to /ei/ in most speakers who uttered such words in this sample, except for Lilian Victor,
whose family member terms may have a more centralized offglide.
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6.10.4 Within-word variation
Overall, the word maikaʻi was pronounced with its primary stressed /a/ as a typical /e/
rather than as /a/, except in the speech of Henry Machado and Sadie Beebe. It is unclear whether
there is any social patterning to this – Henry Machado is a male speaker from Oʻahu, while Sadie
Beebe is a female speaker from Hawaiʻi, and nothing about their biographies seems to me to stand
out particularly to explain why they might pattern together.
Lilian Victor exhibits a clear preference to pronounce the orthographic <o> in ʻaʻole-type
words as /o/ in utterance-final position and as /a/ when a word follows. However, this tendency
was not found in the other speakers. Rachel Mahuiki, Ida Nāone, Henry Machado, David
Kaʻalakea produce these words using /a/ exclusively or nearly exclusively. Joseph Makaʻai and
Sadie Beebe, who used both /o/ and /a/ in these words, did not show any apparent pattern according
to utterance finality; Alfred Apaka also used both realizations, but only showed a weak trend
toward using /o/ more often in utterance-final position.
While it is impossible to tell from just a single speaker, I speculate that one reason Lilian
Victor may have such a well-defined pattern of using /o/ in utterance-final ʻaʻole-type words and
/a/ in other contexts relates to her extensive experience in public speaking. As she states in her
interview, she had a career in public service as an aide to Kamokila Campbell, territorial senator
from Maui. For over twenty years, she served as a speech writer and translator in both Hawaiian
and English, and often spoke at length in churches and other public spaces regarding political and
religious matters. Her intimate familiarity with formal spoken and written Hawaiian leads me to
suspect that this clear pattern in her ʻaʻole-type words may derive from a stylistic choice (whether
conscious or unconscious) to utilize the standard /o/ form in contexts when these words are uttered
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in isolation or without any following phonetic material, while utilizing the more common but nonstandard form /a/ in other conditions.
I also find variation in the ʻaʻole-type words intriguing for another reason. The /o/ in ʻaʻole
and hope derive from Proto-Polynesian */o/ (PPN *ka-kore > ʻaʻole, PPN *sope > hope), so the
standard spelling with <o> is indeed the etymological one (Greenhill and Clark 2011). To my
mind, the complete unrounding of /o/, which is highly variable in twentieth-century Hawaiian,
may be related to the fact that the following vowel is not rounded. I suspect that vowel harmony
has historically operated in Hawaiian such that /a/ and /o/ are more likely to agree in rounding with
subsequent vowels within a word, and I see the words ʻaʻole, ʻaʻohe, and hope as undergoing an
/o/ > /a/ shift that closely resembles the /a/ > /o/ shift observed in many Hawaiian words and
morphemes.
Instances of the /a/ > /o/ shift are especially apparent in the morphemes PPN *faŋa- > hanaor hono- (‘bay’) and PPN *faka- > haʻa-, hāʻ-, hoʻo- or hōʻ- (causative and similative prefix). For
example, PPN *faka-roŋo > hoʻolono (‘listen’), PPN *faka-ipoipo > hoʻoipoipo (‘make love’), and
PPN *faŋa-ruru > Honolulu12 underwent an /a/ > /o/ shift, while others such as PPN *faka-rere >
haʻalele (‘flee’), PPN *faka-kawe > hāʻawe (‘carry’), and *PPN *faŋa-lei > Hanalei did not. It
seems at least from an initial look like the shift from /a/ to /o/ in such words could have been
facilitated by coarticulation with a rounded vowel later in the word – or, perhaps, the general shift
was more likely to be resisted in words which lacked any rounded vowels. Exceptions to this
pattern also exist: Hanauma, the bay in Oʻahu, is not *Honouma, and many words take the default
hoʻo- prefix despite not having rounded vowels in their roots: hoʻopapa (‘put in order’), hoʻokani
(‘cause sound’), hoʻopeʻe (‘hide’), etc. A much more extensive investigation into the lexicon of

12

In 1822, just two years after missionaries arrived in Hawaiʻi, Queen Kaʻahumanu was writing letters in which she
spelled the capital of the Kingdom as Hanalulu, not Honolulu (Kaʻahumanu 1822).
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Hawaiian is necessary to confirm this general pattern, which may also be related to the spontaneous
rounding observed in PPN *fenua > honua (‘world’). I believe that the variation reported in this
dissertation within ʻaʻole-type words could well be related to this historical rounding agreement
phenomenon, which to my knowledge does not operate as extensively in other Polynesian
languages.
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Chapter 7: Conclusion
7.1 Summary
To conclude this dissertation, I first summarize the results presented in Chapters 4-6 and
discuss them in relation to previous literature on Hawaiian phonetics. I then present ideas for how
to improve, extend, and apply research on the sounds of ʻōlelo Hawaiʻi.
Chapter 4 presented an overall description of the monophthongs of Hawaiian, taking into
consideration the voices of all eight of the speakers sampled. The most striking finding of this
chapter is the very high and front location of /ē/ compared with /e/, a difference that was not
expected based on previous descriptions of the Hawaiian vowel system. Another important finding
presented in Chapter 4 concerns the effects of stress on the short monophthongs: tokens of /a/, /i/,
and /o/ are less peripheral when unstressed compared to when stressed, while /e/ is raised in
unstressed position. Furthermore, despite previous reports that salient changes in pronunciation
arise when /e/ is directly adjacent to /l/ and /n/, relatively little change was noted in these contexts.
Across vowels, it was found that adjacency to the labial consonants /w/, /p/, and /m/ conditions
backer vowel pronunciations, adjacency to the alveolar consonants /n/ and /l/ conditions fronter
vowel pronunciations, and adjacency to /ʔ/ conditions lower vowel pronunciations.
Chapter 5 demonstrated that vowels in Hawaiian coarticulate to the surrounding vowels,
whether or not the vowels are in direct contact with each other. Even in the dataset of
monophthongs modeled here, which specifically excludes instances of vowels in direct contact,
vowel-to-vowel coarticulation is notable. The coarticulatory effects of following vowels on
primary stressed /a/ are investigated in particular detail. Significant pairwise differences in both
height and backness of /a/ are found in different aCV contexts: aCe and aCu are significantly
higher than aCa and aCo, and aCi is significantly fronter and higher than the other contexts.
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Significant variation is also observed in both height and backness for the starting points of aV
diphthongs. The diphthongs /ei/ and /ou/ trend toward having longer trajectories than /ē/ and /ō/,
but these differences were not found to be statistically significant; the locations of their trajectories,
however, were found to be distinct, with /ei/ lying between /ē/ and /ī/ and with /ou/ between /ō/
and /ū/. The effect of word class – that is, content word versus directional or pronoun – was also
investigated for a subset of diphthongs. Content words containing /ai/ and /au/ were found to have
significantly longer trajectories and originate in a more peripheral location than those that appear
in pronouns and directionals.
Chapter 6 investigated the vowels of Hawaiian speaker-by-speaker. The raising of /ē/ was
found to be present in the vowel systems of every speaker in the sample. Most speakers exhibited
robust differentiation of the initial element in aV diphthongs along both the height and backness
dimensions of the vowel space. A high degree of variation was found regarding how each speaker
pronounced /ei/ and /ou/ in relation to the vowels /ē/, /ī/, /ō/, and /ū/; in several cases, excluding
pronouns and directionals from consideration in the plots of /ei/ and /ou/ resulted in longer
trajectories for these diphthongs and more apparent differentiation from /ē/ and /ō/. The words
laila (‘there), maikaʻi (‘good’), and family member terms beginning with kaik- (e.g. kaikamahine
‘girl’) are found among most speakers to contain a vowel more similar to /ei/ than /ai/. For most
speakers in the sample, the primary stressed monophthong /a/ in maikaʻi is also pronounced more
like a typical /e/ than a typical /a/. Most speakers usually pronounce the /o/ in the words ʻaʻole
(‘no’), ʻaʻohe (‘none’), and hope (‘after’) as /a/; one speaker is found to usually use /o/ in these
words utterance-finally while using /a/ in non-utterance-final contexts.

297

7.2 Transcription recommendations
This dissertation has added a notable amount of detail to previous observations regarding
the relative locations of the vowels of Hawaiian. At the most granular level of detail every
production of a particular vowel is slightly different, and some of these differences are due to
variation based on stress, previous and following consonants, previous and following vowels, type
of word, and speaker. There is even slight variation between vowel tokens within the same speaker
and within the same word. However, it is reasonable to group certain salient allophones together
in order to consider how best to represent their sounds. In this section, I discuss how certain
features of previous IPA transcriptions of Hawaiian may be reconsidered in light of this new, multispeaker data analysis.
One of the most striking differences between previous descriptions of Hawaiian vowels
and the analysis presented here regards the extremely high and front location of /ē/ compared to
/e/. The difference between /e/ and /ē/ could potentially be marked by assigning the high-mid front
unrounded [eː] quality to /ē/ and the low-mid front unrounded [ɛ] to /e/; Newbrand (1951: 9), for
instance, claims that there is no general quality difference between /e/ and /ē/, except that some /e/
have the “lowered allophone [ɛ]”. However, I propose instead that in terms of IPA transcription,
/ē/ may actually be produced as the raised high-mid front unrounded [e̝ ː] or even lowered high
front unrounded [i̞ ] rather than just [eː] as previously transcribed (cf. Parker Jones 2018). Though
further investigation is necessary to confirm this pattern in more speakers and with greater token
count, for the speakers in this sample /ē/ is generally closer in quality to /i/ than it is to /e/, and a
greater distance is found between /a/ and /e/ than between /a/ and /o/. For these reasons, I believe
it is appropriate to continue describing the general location of /e/ as [e], and begin describing the
raised and fronted /ē/ as [e̝ ː] or even [i̞ ː].
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Previous descriptions of raising in aV diphthongs and aCV monophthongs have not
mentioned variation in backness based on following vowel, aside from Parker Jones (2018) noting
that the single token of /ae/ he measured seemed to differ in both F1 and F2 from /ai/. The plots
and statistical analyses presented in Chapter 5 suggest that for aV diphthongs, variation in backness
is just as robust and notable as their raising behavior. The results in Chapter 6 echo those found in
Chapter 5, finding robust differences among the starting points of the aV diphthongs in both height
and backness in the individual sound systems of nearly all speakers. Likewise, the data presented
in Chapter 5 suggests that the different aCV allophones of the monophthong /a/, which are distinct
enough for previous authors like NeSmith and Schütz to single out for special mention, may also
be best described by separate IPA symbols. However, the variation apparent in aCV contexts is
less extreme, and less clear-cut, than that in the aV diphthongs.
In order to orient the description of /a/ and its allophones, let us first consider how to
represent /ā/. Though previous treatments such as Parker Jones (2018) have utilized [a] to describe
both /a/ and /ā/, [a] technically refers to a low front unrounded vowel; given the generally central
location of these vowels, however, they may be slightly better represented by symbols
corresponding to central vowels. As the lowest point in the vowel space, I therefore propose that
/ā/ may also be represented by the low central unrounded vowel [ä] (or [äː]), though the differences
between this and [a] may be difficult to discern. While stressed /a/ and /ā/ overall have a very high
degree of overlap, slightly higher than /ā/ in the vowel space lie the unstressed tokens of /a/, which
may be represented by [ɐ], the near-low central vowel.
aV diphthongs may be best described as starting not only in two locations – for instance,
Parker Jones’ (2018) description of a lowered [a] in [ae] and [ao] and a raised [ɐ] in [ɐi] and [ɐu]
– but indeed as starting in four different locations. A possible set of transcriptions is /ae/ as [ɐ̞e] or
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[äe], /ao/ as [ɑo], /ai/ as [əi], and /au/ as [ʌu]. Notating these starting points in this manner
emphasizes that /ao/ starts in the most low, back position [ɑ]; /au/ starts in the back of the vowel
space but slightly higher at [ʌ]; /ae/ starts front of each of these around [ɐ̞]; and /ai/ starts around
[ə], higher and fronter than the other aV diphthongs but not as high or front as [e], which better
describes the location of /e/.
The behavior of /a/ in aCV contexts, as noted, is less extreme than the aV contexts, and
whether or not aCV environments each deserve their own IPA transcriptions is perhaps debatable.
aCa and aCo, which do not exhibit any significant pairwise F1/F2 differences, could potentially
be described as [ä]. aCe and aCu do not exhibit any significant pairwise F1/F2 differences, and
both are significantly higher than aCa, so these could be described as [ɐ]. aCi, which is higher and
backer than all of the rest of the aCV environments but not as high as the /ai/ that could be described
as [əi], might be described as [ɜ], the low-mid central unrounded vowel, or [ɛ̈], a centralized version
of the low-mid front unrounded vowel.

7.3 Future directions for research
7.3.1 Ways this particular data could be adjusted for further analysis
At early stages in data preparation, such as during transcription and manual verification of
phone-level alignments, it was relatively simple to implement changes such as correcting typos
and improving the workflow as outlined in Chapter 3. In the course of analyzing the data and
writing up the results, further small errors were addressed by correcting spellings and excluding
particular problematic words in R if they were not correctable at a late stage. For instance, it was
relatively easy to correct misspellings such as non-standard kaikunane for standard kaikunāne
(‘brother’) because such typos involved only swapping a single segment, with no changes
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necessary to the surrounding segments. On the other hand, typos like non-standard ʻoʻolea (‘hard’)
for standard ʻoʻoleʻa that were caught late in the coding process were instead excluded from
analysis because they involved insertion or deletion of a segment (almost always an ʻokina), rather
than a simple substitution.
A more careful word-by-word perusal of the data may in the future turn up a small number
of further instances of minor misspellings, especially where kahakō (lengthening marker) and
ʻokina are concerned. In many cases, it was difficult to decide on whether or not a kahakō was
appropriate even when following the standard orthography, for instance in the term ka poʻe
kupuna/ka poʻe kūpuna (‘elders’). While in general the word kupuna is spelled without a kahakō
in the singular (ke kupuna) and with a kahakō in the plural (nā kūpuna), this alternative
construction utilizes ka poʻe (“the people”) as a plural marker. The word kupuna is thus not
syntactically marked as a plural (since singular ke rather than plural nā is its determiner), but it
gains a plural meaning. The fact that it is difficult to adjudicate such a difference auditorily, as is
the case for many long and short vowel pairs in some accentual positions, is itself interesting to
note for future research.
Another decision that was made in an early processing stage was adding spaces in certain
multimorphemic words, including numbers over ten (see Chapter 3.6.8). This division of the word
into consituent parts was undertaken because of previous observations that in words like
ʻumikūmāiwa (‘nineteen’), where the orthographic combination <āi> occurs at a morpheme
boundary, there is not actually a diphthong. Separating this word into ʻumi kūmā iwa prevents the
automated method employed in this dissertation from joining the two vowels /ā/ and /i/ into one
/āi/. One drawback to this is that the tokens measured for the words kūmā and iwa are not
associated with any corresponding word frequency, since these morphemes only appear in the KLH
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transcriptions as parts of other words. In addition, the assignment of stress is also affected by this
choice: the /u/ in ʻumi kūmā iwa, spelled out as separate words, is assigned a primary stress as
opposed to the secondary stress it would be assigned if this was assumed to be a single word (or,
more accurately in this particular dissertation, it would be excluded for appearing too many
syllables to the left of the end of the word; see Chapter 3.8.2).
Though the ultimate decision of how to spell a word may be somewhat arbitrary, the
correction of spellings to a standardized norm is necessary for several reasons. First, there should
be internal consistency within the corpus. For instance, at a late stage it was noted that in the
transcription produced for David Kaʻalakea’s interview – one of the two for which we created an
original transcription that had not been verified by Kaniʻāina – the word kaikunāne was spelled as
kaikunane. In this case, we can say that kaikunane is a misspelling because the word kaikunāne
appears elsewhere in the corpus with a kahakō. These words should therefore be labelled
identically in order for linear mixed effects models to accurately account for the random effect of
word. In cases like kupuna/kūpuna, the ultimate decision of how to spell the word has a direct
effect on the data presented, as the token that could be spelled as /u/ or /ū/ ends up being counted
as one or the other. If decisions are not made in a comprehensive manner, the output of the models
and plots will not necessarily depict the data in the most consistent, comparable way possible.
Second, this consistency within word forms should also apply to the frequency measures
used as a variable in the mixed-effects models. The frequency counts are based on the first forty
approved transcripts from the KLH corpus, in which the word loaʻa was not respelled as loʻa and
in which numbers like ʻumikūmāiwa were not broken up as ʻumi kūmā iwa (Brockway 2021). In
the data processing stage, the spelling of words like loaʻa and ʻaʻole that appeared as the slightly
different loʻa and ʻaʻale were changed back to their standard forms. However, doing so for the
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multimorphemic words that I decided to break up would have been more difficult. Future work to
improve this dataset could involve undertaking this task. It is also noted that the frequency
measures used here exclude all capitalized proper nouns, including some common ones such as
Hawaiʻi and days of the week. Future work could address this gap in the frequency counts.
Relatedly, future research should investigate whether Hawaiian names, which are typically
comprised of several distinct words but spelled as single words, are pronounced differently from
how their constituent words would suggest. For instance, the name Kainoa may or may not contain
an /ai/ diphthong, just as ka inoa (‘the name’) may or may not be pronounced in rapid speech with
an /ai/. By excluding all instances of vowels in direct contact with each other, this dissertation has
avoided the question of the extent to which monophthongs may coalesce into diphthongs across
morpheme boundaries, or the constraints on such coalescence. However, this phenomenon may
prove to be fertile ground for further research.
Another way that this dataset in its current form and size could be adjusted is through the
analysis of words excluded from consideration in this dissertation: articles, particles, function
words, demonstratives, interrogatives, and the frequently reduced words mea (‘thing’) and
manawa (‘time’). These words could have thrown off outlier identification and correction, so they
were excluded before the outlier exclusion process. That is, identifying an atypical /a/ is a more
difficult process when function words with often extremely reduced forms such as ka (‘the’) and
ma (‘in’) are considered alongside words like maka (‘eye’), as opposed to when they are excluded.
However, including these in future analyses may be useful for pedagogical purposes, and would
certainly be of interest for further linguistic investigations into reduction in Hawaiian.
Though it would take extensive effort, future work on this corpus would benefit greatly
from tagging each instance of each word for its meaning or morphological function. Hawaiian is
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famous for its high degree of polysemy, in which a single word can have a multitude of meanings.
For instance, the word wai could mean ‘water’ or ‘who’. Ideally, a researcher would be able to
know which instances of wai are used with the content word meaning versus the interrogative
meaning. In this current dissertation, wai was not counted as an interrogative word for the purposes
of exclusion because at an early stage I made the decision that I would rather include it so as to
include all instances of the content word wai (‘water’). This admittedly has created a situation
where some instances of the interrogative usage were erroneously grouped in with the content
words plotted for /ai/ trajectories. Future corpora of Hawaiian that are parsed for this type of data
would be especially useful for researching pronunciation differences between word classes.
One particular assumption that has been made in this dissertation’s analysis is that /oi/ is a
diphthong, while /oe/ is not. Parker Jones (2018), however, has noted that this cluster patterns as
a diphthong for some speakers: rather than pronouncing moena (‘mat’) as /mo.ˈe.na/, some
speakers pronounce it /ˈmoe.na/. It bears further investigating what the acoustic cues are that could
distinguish a monosyllabic from a disyllabic word in liminal cases like /oe/.
Relatedly, this dissertation has not delved into phonological questions such as how to
define the number of vowel phonemes in Hawaiian. Sánchez Miret (1998: 28) points out that both
long vowels and diphthongs are “problematic entities” in studies of phonological representations,
as it is often difficult to deduce whether long vowels are simply repetitions of two short vowels
and whether diphthongs comprise of a sequence of different short vowels or a single phoneme. In
the case of Hawaiian, the question would then be whether there are underlyingly five short and
five long vowels, or whether it suffices to treat the long vowels as simply two short vowels. Bauer
(1993: 526-527) argues that Te Reo Māori, one of the most closely related languages to Hawaiian,
may even have an intermediate number of vowels between five and ten: since /ī/, /ē/, /ō/, and /ū/
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are five of the rarest sounds in Māori if one presumes the ten-vowel analysis, she argues that these
categories may not be phonemic while /ā/ may be phonemic, resulting in a six-vowel system of /a,
ā, e, i, o, u/. Since duration is not investigated in this dissertation, a major piece of the puzzle is
still missing, and no firm conclusions can be drawn from the vowel quality data alone. However,
it is intriguing that /ē/ is so distinct from /e/, and I believe it is unlikely that such a difference could
arise from the concatenation of two /e/ units together.
Another question for future research to consider involves whether diphthongs in Hawaiian
comprise unitary phonemes. Lass (1984: 95) has lamented, “If long vowels produce
methodological headaches, diphthongs are a positive migraine.” As laid out in Chapter 2.7.2, Rehg
(2007) persuasively argues for considering diphthongs in Hawaiian to be composed of two discrete
phonemes within a single syllable rather than considering them unitary phonemes. I have argued
elsewhere (Kettig 2019) that the similar coarticulation displayed by /a/ in aV and aCV indicates
that allophony may operate at the level of the foot rather than at the level of the syllable in
Hawaiian. This analysis accords with Schütz’s (1981) contention that what he calls the ‘measure’,
approximately equivalent to a metrical foot, and not the syllable, is the appropriate unit for
establishing phonological contrasts in Hawaiian.

7.3.2 Consonants and glides
Though this dissertation has centered around the vowels of Hawaiian, the consonants also
deserve further attention in future research. In addition to describing overall trends in consonant
pronunciation, more research should be done regarding variation in Hawaiian consonants. An
especially simple but illuminating task could be the investigation of [t] versus [k] variation within
the KLH dataset. While the pronunciation of /k/ as [t] has long been noted as a feature of Niʻihau
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speech (Wong 2019), the speaker in the present dataset who exhibits the most [t] is David
Kaʻalakea, from East Maui. A more detailed investigation of this variation among multiple
speakers would be aided by the fact that the KLH transcriptions encode [t] pronunciations in their
spelling; analyzing transcripts alone therefore suffices to find patterns.
Acoustic analyses on consonants could also address a variety of open questions. Previous
descriptions have found contradictory evidence regarding the degree to which stops /k/ and /p/ in
Hawaiian are aspirated or unaspirated. Krupa (1982) claims that they are unaspirated, but Parker
Jones (2018) demonstrates both to be aspirated in the one speaker he investigates, and Newbrand
(1951) notes aspiration in [k] but not [p]. Analyses of voice onset time in the KLH speakers
sampled for this dissertation, as well as future speakers, could shed light on aspiration patterns,
which may have undergone historical change due to contact with English, which has heavily
aspirated voiceless stops.
Another question that could be addressed through further analysis regards the
pronounciation of /w/ in Hawaiian as [w], [v], or other sounds such as the voiced labio-dental
approximant [ʋ] or the voiced bilabial fricative [β] (Parker Jones 2018). Auditory coding of tokens
of /w/ could shed light on the contexts in which these different productions are realized, as well as
whether inter-speaker differences follow gender-based or regional patterns. Acoustic analysis
could also potentially be conducted to quantify phonetic aspects of these different pronunciations.
Parker Jones (2018) also noted that the glide [j] may appear between /i/ or /e/ and a directly
abutting /a/, and the glide [w] may appear between /o/ and /u/ and a following vowel. However,
these glides were not included in the phone-level alignments utilized for this dissertation because
they are non-phonemic and do not appear in Hawaiian orthography. This dissertation has mostly
avoided dealing with glides due to the fact that only vowels not directly adjacent to other vowels

306

are analyzed here. However, future work into these glides may be necessary for verifying that their
appearance is indeed fully predictable, and for describing phonetic aspects of their patterning and
pronunciation.

7.3.3 Duration
Duration is a major acoustic feature of vowels that has not been considered in this
dissertation. While duration measurements were obtained for every token in the dataset, this
information was set aside for now out of an abundance of caution. As noted in Chapter 3, in the
course of manual correction of forced alignments, making consistent decisions regarding where
one vowel began and another ended was nearly impossible in cases where vowels directly abutted
– contexts which were excluded from present consideration. Boundaries were also particularly
difficult to draw whenever an ʻokina or /h/ were involved. Another particularly difficult phone to
segment was /w/. For this dataset, decisions on boundary placement were made with an eye to
obtaining accurate measurements of formants, and not following a cohesive set of guidelines
prioritizing precision in duration measurement. If durations are to be considered in future research,
a rigorous method should be devised so that manually re-adjusted boundaries are placed according
to a more consistent rubric.
Obtaining consistent and comparable duration measurements will help clarify many
questions that this dissertation has not yet been able to fully address. For instance, the finding that
/e/ and /ē/ are very far apart in quality while /i/ and /ī/ are extremely similar could be explored
further with reference to durations. Moon and Lindblom (1994) find a significant positive
correlation between duration and F2 in English /ɪ/ and /ɛ/, indicating that the longer an individual
token, the more likely it is to have a more peripheral pronunciation; they do not find a correlation
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between the two measures in the longer vowels /iː/ and /ei/. It would be especially interesting to
examine whether the duration difference between /e/ and /ē/ is greater than the duration difference
between /i/ and /ī/ (as might be expected if there is a strong correlation between duration and
peripherality), or whether /i/ and /ī/ might compensate for their highly overlapping quality by
instead having a large duration difference.
Many further questions could be explored with high-quality duration data: What are the
characteristics distinguishing other short vs. long monophthong pairs, and do we find a distinct
split between these classes in duration? Are some pairs more distinguished in duration than others?
What role does length play in distinguishing pairs of diphthongs? Is it the case that /āi/ takes a
greater amount of time than /ai/ and /ae/ to complete its longer trajectory? These questions all have
relevance not only to theoretical questions in Hawaiian phonetics and phonology, but also to
pedagogy and language maintenance.

7.3.4 Suprasegmental phenomena
As mentioned in Chapter 3, a range of laryngeal phenomena were observed in the dataset
that bear closer investigation. Speakers exhibited a variety of glottalized realizations of ʻokina that
ranged from a full glottal stop to a portion of creaky voice. Speakers also realized /h/ in variable
ways, often exhibiting gradual and continuous transitions between modal and breathy voice instead
of clearly-defined glottal frication. Related to breathiness, pre-aspiration was also observed in
several individuals. Further work on the vocal registers utilized as cues to segmental phonemes in
Hawaiian has the potential to contribute new observations to ongoing cross-linguistic typological
investigations. Results may also be of interest to Hawaiian speakers and learners, answering
questions that occasionally arise in the classroom setting in heretofore unforeseen detail, for
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instance: When native speakers pronounce pehea (‘how’) as [pʰe̤ a] and ‘aʻale as [a̰ ːle], where do
the portions of modal, breathy, and creaky voice begin and end? Do non-modal voice qualities
‘spread’ into the vowels preceding /ʔ/ and /h/, or into the vowels following them, or both?
Nasalization is another phenomenon that could be investigated using this dataset as
currently processed. Parker Jones (2018) reports that nasalization occurs on every vowel directly
following a nasal consonant. A large corpus such as the one employed for this dissertation could
aid in verifying this observation across speakers and contexts. Such a data-oriented approach could
also shed light on details regarding nasalization, such as whether it is present throughout the
entirety of the vowel following a nasal consonant, or whether it could spread backward to affect
the vowel before a nasal. Carignan (2021) has outlined a practical acoustic method for estimating
the presence of nasalization over the course of vowel pronunciation, and this method could be
employed in the analysis on Hawaiian.

7.3.5 Ways this dataset could be expanded
The KLH archive contains of hundreds of hours of data that has yet to be transcribed or
acoustically analyzed. One obvious way to improve our understanding of the phonetics of
Hawaiian would be to continue transcribing, aligning, and measuring more voices in this and other
available video and audio archives. It has been shown in Chapter 6 that extensive variation exists
between speakers and between words; the more speakers and the more words in the sample, the
better such variation could be understood. Only after expanding the sample to include more
speakers could we begin to understand variation based on island, gender, and other factors.
Automated Speech Recognition models, which have been increasingly used in minority and
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endangered language contexts, could be used as a part of future transcription workflows to increase
speed and efficiency.
Only one male and one female speaker born on each of four islands was examined in this
analysis. However, this sample is not nearly large enough to begin to get a clear picture of the
potential dialectal variation that existed in ʻōlelo Hawaiʻi before its precipitous decline in speakers
and subsequent revitalization. Many types of phonetic variation could potentially pattern between
or within genders, between or within islands, or based on many other factors such as educational
background or occupation. The mobility of speakers and families is another potential variable that
has not been explored here. Indeed, the speakers analyzed for this dissertation may not be the most
prototypical of their birth islands, as their biographies attest to a high degree of mobility over the
course of their lifetimes, especially from neighbor islands to Honolulu, as well as parents or
grandparents who were originally from places other than the island where they spent their
childhood.
Many speakers appear in multiple KLH episodes, enabling both the expansion of the
number of words and tokens measured per speaker as well as the analysis of variation and change
over time within speakers. In particular, an analysis of Larry Kimura’s voice as he interviews
dozens of different speakers over the course of many years could shed light on longitudinal change
in an individual speaker’s Hawaiian and possible within-speaker differences based on interlocutor,
topic, and other factors that have been shown to govern sociolinguistic variation in other
languages.
As more transcriptions of the KLH recordings are produced, these could be used to add
textual data to the set from which frequency measures are drawn. The larger the corpus of natural
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speech utilized to calculate word frequencies, the closer such a measure comes to reflecting the
real-life frequencies as encountered by these speakers over the course of their lifetimes.
Beyond the KLH recordings, future research should ultimately also investigate a broader
range of Hawaiian speech. The data in this dissertation is reflective only of the eight speakers in
the sub-sample, all of whom are ‘old native speakers’ (Brenzinger & Heinrich 2013) speaking
ʻTraditional’ or ‘Type-1’ Hawaiian (NeSmith 2005, 2019). Specifically, these speakers were
recorded in the context of a radio interview conducted in a studio, eliciting a style that while
certainly conversational and free-flowing may be different from what would be observed in less
formal or unfamiliar contexts. This dissertation and further analyses of this particular data will
hopefully be seen not as an authoritative or exhaustive description of Hawaiian as a whole, but
ideally as a jumping-off point or baseline from which comparisons can be made.
Research regarding potential differences between the speech of mānaleo and today’s
speakers of Hawaiian should be approached carefully. Many community members express
negative attitudes toward undertaking such comparisons, especially if results indicate that
Hawaiian has undergone substantial change after being spoken primarily by L2 speakers for
several decades. Such results have the potential to exacerbate already-high levels of linguistic
insecurity by calling attention to features that speakers may negatively evaluate as ‘inauthentic’
(see Chapter 2.4).
However, undertaking research into language change also has the potential to effect
positive outcomes. Within the community itself, if indeed there are specific features that are
evaluated as ʻincorrect’ due to long-term contact with English, then the pinpointing of divergence
between new forms and older, more positively evaluated forms could be one step in re-establishing
a connection to those older models in classrooms. From a perspective that is less focused on the
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prescription of one particular standard, new speakers of Hawaiian may look to specific older
speech models – perhaps family members or those who share connection to a particular ʻāina – to
re-establish or ‘reawaken’ the use of idiolectal features that are not widely employed in twentyfirst century Hawaiian. The large-scale analysis and description of such features could be useful
for such endeavors.
Beyond the Hawaiian community itself, studying variation and change in Hawaiian over
the course of the twentieth and twenty-first centuries has the potential to provide more general
insights into the ways that languages are affected by declining speaker numbers and subsequent
successful revitalization. A small literature exists regarding change processes in endangered
languages that are rapidly losing speakers, and whose speakers may individually exhibit decreasing
fluency (Campbell & Muntzel 1989). However, very little empirical evidence has been brought to
bear on questions of pronunciation change in these situations. I speculated in Chapter 6.10.1 that
relatively low amounts of exposure to Hawaiian in childhood (for Alfred Apaka) and in adulthood
(for Ida Nāone) could potentially account for differences in speakers’ maintenance or loss of vowel
contrasts like /āi~ae/ and /ou~ō/. Such observations should be more carefully studied in future
research, as they have the potential to shed light on change processes in Hawaiian and in
endangered and revitalizing languages more generally.

7.3.6 Pedagogical applications
Higgins (2019: 68) notes that at present, “there is little discussion of whether and how
varieties of Hawaiian might be given a place in Hawaiian language education.” While recordings
of mānaleo, including the KLH episodes analyzed in this dissertation, are utilized in classrooms,
NeSmith (2005: 10) points out that “a significant disadvantage to the audio recording... is that it is
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a ‘one-way’ process with no true interaction or communication occurring.” How might we make
these recordings more interactive for learners, specifically in terms of calling attention to variation
and commonalities among mānaleo?
One particularly exciting possibility for a future extension of this research would be the
creation of an interactive application that combines visualizations of vowel productions with
accompanying audio clips. An example of a database whose vowel visualizations have been made
interactive is the Gazetteer of Southern Vowels (Stanley et al. 2018).13 In the Gazetteer, vowel
charts can be populated with information from specific locations, ethnicities, genders, birth years,
and other social information, enabling the direct comparison of datasets and making patterns of
variation visually legible. Another project from which a future application could take inspiration
is the Intonational Bestiary of English (Goodhue et al. 2016).14 In the Bestiary, intonation contours
are depicted in an interactive way that not only allows the user to specify individual participants,
items, and contours to show, but also links every visible intonation contour to its corresponding
sound file. Users can thus explore variation both by visually inspecting the data and by listening
to the individual utterances depicted. Both the Intonational Bestiary and the Gazetteer of Southern
Vowels were coded in Shiny, an R package for building web apps. It would be feasible to create a
Shiny app that integrates the most useful aspects of these sorts of applications without too much
additional preparation of the data as used in this dissertation.
Such an application would be able to depict not only overall means for individuals, as has
been presented in this dissertation’s visualizations, but also the locations of individual tokens.
Different sets of speakers could be investigated alone or in comparison to each other, possibly
illuminating patterns based on gender, ʻāina, or other social categories. Audio of the vowel or its

13
14

Explore at: http://lap3.libs.uga.edu/u/jstanley/vowelcharts
Explore at: http://prosodylab.org/data/bestiary/bestiary-risingcontours/
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surrounding word context could be paired with each point or trajectory, linking visual information
with sound in a manner useful for both research and language learning. A community-facing
interactive application could be stripped of linguistic jargon, navigated in either English or
Hawaiian, and made to be both fun and informative.
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Appendix A: Sets of words excluded from analysis or separately analyzed

Articles

Demonstratives

Particles

Directionals

Pronouns

Interrogatives

Function

ka

kēia

nō

mai

au

aha

a

ke

kēlā

paha

aku

wau

hea

o

kekahi

kēnā

hoʻi

aʻe

ʻoe

pehea

ā

kahi

tēia

wale

iho

ia

me

ta

tēlā

ala

māua

i

te

tēnā

maila

mākou

nō

nā

pēia

akula

kāua

ʻo

pēlā

aʻela

kākou

e

pēnā

ihola

ʻolua

ma

pēnei

nei

ʻoukou

he

lāua

inā

lākou

ua

koʻu

ʻia

kou

no

kaʻu

ana

kāu

ʻana

kuʻu

ai

kona

mau

kāna

aia

aʻu

eia

āu

no

āna

na

oʻu

ko

ou

kā

ona

iā

naʻu
nāu
nāna
noʻu
nou
nona
iaʻu
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Appendix B: Summaries of linear mixed effects models predicting F1 and F2 of short
monophthongs
LMER predicting F1 of /a/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F1 of /a/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

22.66

-48.50 – 93.81

0.533

Stress (unstressed)

-57.70

-67.34 – -48.07 <0.001

Stress (primary)

28.23

18.92 – 37.53

<0.001

Stress (secondary)

29.48

16.58 – 42.37

<0.001

Frequency

-1.19

-5.68 – 3.31

0.605

Random Effects
σ2

14621.30

τ00 word

3581.86

τ00 following_vowel

3247.09

τ00 previous_vowel

650.23

τ00 following_consonant

2169.18

τ00 previous_consonant

4187.18

τ00 speaker

2597.13

ICC

0.53

N previous_consonant

9

N following_consonant

9

N following_vowel

23

N previous_vowel

22

N word

467

N speaker

8

Observations

4206

Marginal R2 / Conditional R2 0.056 / 0.556
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LMER predicting F2 of /a/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /a/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-20.89

-135.39 – 93.61

0.721

Stress (unstressed)

17.47

6.46 – 28.49

0.002

Stress (primary)

10.42

-0.23 – 21.08

0.055

Stress (secondary)

-27.90

-42.62 – -13.18

<0.001

1.54

-3.87 – 6.95

0.577

Frequency
Random Effects
σ2

18171.07

τ00 word

5780.54

τ00 following_vowel

9846.73

τ00 previous_vowel

1017.53

τ00 following_consonant

3615.27

τ00 previous_consonant

9063.99

τ00 speaker

10772.91

ICC

0.69

N previous_consonant

9

N following_consonant

9

N following_vowel

23

N previous_vowel

22

N word

467

N speaker

8

Observations

4206

Marginal R2 / Conditional R2 0.003 / 0.689
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LMER predicting F1 of /e/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F1 of /e/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-17.85

-45.67 – 9.97 0.209

Stress (unstressed)

-3.46

-12.02 – 5.10 0.428

Stress (primary)

11.83

3.77 – 19.90

Stress (secondary)

-8.37

-21.14 – 4.40 0.199

Frequency

-0.22

-2.67 – 2.22

Random Effects
σ2

3619.38

τ00 word

414.15

τ00 following_vowel

245.89

τ00 previous_vowel

81.28

τ00 following_consonant

434.58

τ00 previous_consonant

490.55

τ00 speaker

343.92

ICC

0.36

N previous_consonant

9

N following_consonant

9

N following_vowel

21

N previous_vowel

20

N word

217

N speaker

8

Observations

2450

Marginal R2 / Conditional R2 0.009 / 0.363
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0.004

0.857

LMER predicting F2 of /e/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /e/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

18.23

Stress (unstressed)

-0.28

-25.58 – 25.03

0.983

Stress (primary)

8.83

-14.17 – 31.82

0.452

Stress (secondary)

-8.55

-44.56 – 27.46

0.642

Frequency

1.32

-7.18 – 9.83

0.760

Random Effects
σ2

-108.87 – 145.33 0.779

24757.85

τ00 word

7716.75

τ00 following_vowel

6702.47

τ00 previous_vowel

1351.81

τ00 following_consonant

8038.93

τ00 previous_consonant

4900.81

τ00 speaker

15369.21

ICC

0.64

N previous_consonant

9

N following_consonant

9

N following_vowel

21

N previous_vowel

20

N word

217

N speaker

8

Observations

2450

Marginal R2 / Conditional R2 0.000 / 0.641
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LMER predicting F1 of /i/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F1 of /i/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-9.26

-26.20 – 7.67 0.284

Stress (unstressed)

6.18

1.09 – 11.28

0.017

Stress (primary)

-1.13

-5.65 – 3.40

0.626

Stress (secondary)

-5.06

-12.73 – 2.61 0.196

Frequency

-0.61

-2.14 – 0.91

Random Effects
σ2

1260.62

τ00 word

108.71

τ00 following_vowel

78.49

τ00 previous_vowel

19.09

τ00 following_consonant

80.63

τ00 previous_consonant

29.78

τ00 speaker

366.87

ICC

0.35

N previous_consonant

9

N following_consonant

9

N following_vowel

20

N previous_vowel

17

N word

255

N speaker

8

Observations

1961

Marginal R2 / Conditional R2 0.009 / 0.357

320

0.431

LMER predicting F2 of /i/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /i/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-13.08

Stress (unstressed)

-29.66

-53.53 – -5.80

0.015

Stress (primary)

16.65

-4.32 – 37.62

0.120

Stress (secondary)

13.02

-22.43 – 48.46

0.472

Frequency

-3.30

-10.34 – 3.74

0.359

Random Effects
σ2

-118.94 – 92.77 0.809

26629.03

τ00 word

2211.07

τ00 following_vowel

2380.44

τ00 previous_vowel

810.24

τ00 following_consonant

1224.98

τ00 previous_consonant

4997.46

τ00 speaker

14249.47

ICC

0.49

N previous_consonant

9

N following_consonant

9

N following_vowel

20

N previous_vowel

17

N word

255

N speaker

8

Observations

1961

Marginal R2 / Conditional R2 0.010 / 0.498
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LMER predicting F1 of /o/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F1 of /o/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-16.17

-42.76 – 10.41 0.233

Stress (unstressed)

-7.29

-15.28 – 0.70

0.074

Stress (primary)

7.15

-0.31 – 14.60

0.060

Stress (secondary)

0.14

-10.32 – 10.60 0.979

Frequency

1.69

Random Effects
σ2

-1.05 – 4.42

5866.44

τ00 word

453.68

τ00 following_vowel

107.93

τ00 previous_vowel

148.93

τ00 following_consonant

294.22

τ00 previous_consonant

347.48

τ00 speaker

471.87

ICC

0.24

N previous_consonant

8

N following_consonant

9

N following_vowel

19

N previous_vowel

19

N word

239

N speaker

8

Observations

2235

Marginal R2 / Conditional R2 0.009 / 0.244
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0.227

LMER predicting F2 of /o/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /o/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-16.26

-122.49 – 89.97

0.764

Stress (unstressed)

30.04

14.50 – 45.59

<0.001

Stress (primary)

-5.82

-20.31 – 8.67

0.431

Stress (secondary)

-24.22

-44.36 – -4.08

0.018

3.95

-2.13 – 10.02

0.203

Frequency
Random Effects
σ2

17294.69

τ00 word

3867.32

τ00 following_vowel

700.07

τ00 previous_vowel

2103.63

τ00 following_consonant

5027.05

τ00 previous_consonant

3061.31

τ00 speaker

13228.65

ICC

0.62

N previous_consonant

8

N following_consonant

9

N following_vowel

19

N previous_vowel

19

N word

239

N speaker

8

Observations

2235

Marginal R2 / Conditional R2 0.010 / 0.622
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LMER predicting F1 of /u/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, previous vowel, following consonant, previous consonant,
speaker
F1 of /u/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-8.57

-31.03 – 13.89 0.455

Stress (unstressed)

5.89

-1.32 – 13.09

0.109

Stress (primary)

0.56

-6.15 – 7.27

0.870

Stress (secondary)

-6.45

-16.64 – 3.75

0.215

Frequency

0.96

-2.14 – 4.06

0.544

Random Effects
σ2

1652.54

τ00 word

371.14

τ00 following_vowel

18.61

τ00 previous_vowel

138.36

τ00 following_consonant

632.63

τ00 previous_consonant

153.33

τ00 speaker

0.44

ICC

9

N previous_consonant

8

N following_consonant

16

N following_vowel

163

N previous_vowel

8

Observations

1059

Marginal R2 / Conditional R2 0.004 / 0.445
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LMER predicting F2 of /u/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /u/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-24.13

Stress (unstressed)

-8.11

-38.26 – 22.04

0.598

Stress (primary)

-1.45

-28.48 – 25.58

0.916

Stress (secondary)

9.56

-31.62 – 50.74

0.649

Frequency

6.16

-4.66 – 16.98

0.264

Random Effects
σ2

-148.89 – 100.64 0.705

30173.11

τ00 word

2390.37

τ00 following_vowel

1231.31

τ00 previous_vowel

763.85

τ00 following_consonant

1909.99

τ00 previous_consonant

17030.08

τ00 speaker

9956.01

ICC

0.52

N previous_consonant

8

N following_consonant

9

N following_vowel

17

N previous_vowel

16

N word

163

N speaker

8

Observations

1059

Marginal R2 / Conditional R2 0.002 / 0.525
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Appendix C: Summaries of linear mixed effects models predicting F1 and F2 of long
monophthongs
LMER predicting F1 of /ā/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F1 of /ā/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

25.20

-50.25 – 100.65 0.513

Stress (primary)

4.30

-10.83 – 19.43

0.578

Stress (secondary)

-4.30

-19.43 – 10.83

0.578

Frequency

-2.39

-11.68 – 6.90

0.614

Random Effects
σ2

11678.23

τ00 word

5012.13

τ00 previous_vowel

100.77

τ00 following_vowel

335.02

τ00 following_consonant

586.22

τ00 speaker

7162.69

τ00 previous_consonant

2822.39

ICC

0.58

N previous_consonant

8

N following_consonant

9

N following_vowel

17

N previous_vowel

18

N word

150

N speaker

8

Observations

1068

Marginal R2 / Conditional R2 0.001 / 0.579
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LMER predicting F2 of /ā/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /ā/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

16.50

Stress (primary)

-5.81

-18.16 – 6.53

0.356

Stress (secondary)

5.81

-6.53 – 18.16

0.356

Frequency

2.65

-3.42 – 8.72

0.393

Random Effects
σ2

-80.19 – 113.19 0.738

9652.71

τ00 word

1128.43

τ00 previous_vowel

1059.38

τ00 following_vowel

1288.44

τ00 following_consonant

1352.58

τ00 speaker

10887.24

τ00 previous_consonant

5458.89

ICC

0.69

N previous_consonant

8

N following_consonant

9

N following_vowel

17

N previous_vowel

18

N word

150

N speaker

8

Observations

1068

Marginal R2 / Conditional R2 0.001 / 0.687
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LMER predicting F1 of /ē/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effect: Speaker
F1 of /ē/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-6.58

-29.50 – 16.35 0.574

Stress (primary)

5.23

-11.63 – 22.08 0.543

Stress (secondary)

-5.23

-22.08 – 11.63 0.543

Frequency

-2.20

Random Effects
σ2

-7.50 – 3.10

1529.64

τ00 speaker

685.36

ICC

0.31

N speaker

8

Observations

47

Marginal R2 / Conditional R2 0.012 / 0.318
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0.415

LMER predicting F2 of /ē/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, previous vowel, speaker
F2 of /ē/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-32.99

-182.82 – 116.83 0.666

Stress (primary)

66.11

-15.00 – 147.23

0.110

Stress (secondary)

-66.11

-147.23 – 15.00

0.110

Frequency

-1.76

-35.27 – 31.74

0.918

Random Effects
σ2

12343.67

τ00 previous_vowel

6353.88

τ00 word

5580.29

τ00 speaker

29621.08

ICC

0.77

N previous_vowel

11

N word

10

N speaker

8

Observations

47

Marginal R2 / Conditional R2 0.064 / 0.786
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LMER predicting F1 of /ī/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Following consonant, previous consonant, speaker
F1 of /ī/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-10.53

-30.50 – 9.44 0.301

Stress (primary)

-0.44

-8.61 – 7.73

0.916

Stress (secondary)

0.44

-7.73 – 8.61

0.916

Frequency

1.98

-2.44 – 6.41

0.379

Random Effects
σ2

858.74

τ00 following_consonant

63.28

τ00 speaker

525.13

τ00 previous_consonant

12.60

ICC

0.41

N previous_consonant

7

N following_consonant

9

N speaker

7

Observations

124

Marginal R2 / Conditional R2 0.009 / 0.417
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LMER predicting F2 of /ī/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, speaker
F2 of /ī/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

47.46

-74.32 – 169.24 0.445

Stress (primary)

34.21

-15.13 – 83.54

0.174

Stress (secondary)

-34.21

-83.54 – 15.13

0.174

Frequency

-17.86

-56.51 – 20.79

0.365

Random Effects
σ2

13566.09

τ00 word

17002.23

τ00 speaker

17214.45

ICC

0.72

N word

28

N speaker

7

Observations

124

Marginal R2 / Conditional R2 0.041 / 0.728

331

LMER predicting F1 of /ō/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, previous consonant, speaker
F1 of /ō/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-21.67

-46.75 – 3.42 0.091

Stress (primary)

-10.20

-22.53 – 2.14 0.105

Stress (secondary)

10.20

-2.14 – 22.53 0.105

Frequency

3.27

-2.04 – 8.58

Random Effects
σ2

3239.30

τ00 word

377.37

τ00 following_vowel

77.17

τ00 previous_vowel

36.89

τ00 speaker

702.53

τ00 previous_consonant

57.10

ICC

0.28

N previous_consonant

7

N following_vowel

16

N previous_vowel

13

N word

59

N speaker

8

Observations

325

Marginal R2 / Conditional R2 0.034 / 0.303
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0.227

LMER predicting F2 of /ō/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, previous vowel, following consonant, previous
consonant, speaker
F2 of /ō/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

12.29

-78.20 – 102.78 0.790

Stress (primary)

-11.93

-41.08 – 17.22

0.423

Stress (secondary)

11.93

-17.22 – 41.08

0.423

Frequency

6.17

-4.99 – 17.32

0.279

Random Effects
σ2

14932.53

τ00 word

919.91

τ00 following_vowel

693.29

τ00 previous_vowel

677.62

τ00 following_consonant

3480.34

τ00 speaker

3963.68

τ00 previous_consonant

5062.77

ICC

0.50

N previous_consonant

7

N following_consonant

9

N following_vowel

16

N previous_vowel

13

N word

59

N speaker

8

Observations

325

Marginal R2 / Conditional R2 0.011 / 0.503
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LMER predicting F1 of /ū/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Word, following vowel, following consonant, previous consonant,
speaker
F1 of /ū/ (scaled, Hz)
Predictors

Estimates

(Intercept)

CI

p

-23.93

-48.70 – 0.84 0.058

Stress (primary)

5.65

-7.84 – 19.14 0.412

Stress (secondary)

-5.65

-19.14 – 7.84 0.412

Frequency

-6.35

-13.43 – 0.73 0.079

Random Effects
σ2

1397.03

τ00 word

517.40

τ00 following_vowel

3.69

τ00 following_consonant

274.92

τ00 speaker

447.11

τ00 previous_consonant

37.99

ICC

0.48

N previous_consonant

6

N following_consonant

9

N following_vowel

13

N word

34

N speaker

8

Observations
2

180
2

Marginal R / Conditional R

0.042 / 0.500
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LMER predicting F2 of /ū/ (scaled).
• Fixed effects: Stress (contrast coded; reference level = grand mean), word frequency
(log-transformed and scaled)
• Random effects: Previous vowel, following consonant, previous consonant, speaker
F2 of /ū/ (scaled, Hz)
Predictors

Estimates

CI

p

(Intercept)

-3.07

-104.52 – 98.39 0.953

Stress (primary)

-23.00

-70.25 – 24.26

0.340

Stress (secondary)

23.00

-24.26 – 70.25

0.340

Frequency

18.38

-2.82 – 39.58

0.089

Random Effects
σ2

31805.49

τ00 previous_vowel

391.51

τ00 following_consonant

4288.59

τ00 speaker

9963.50

τ00 previous_consonant

1386.74

ICC

0.34

N previous_ consonant

6

N following_consonant

9

N previous_vowel

13

N speaker

8

Observations

180

Marginal R2 / Conditional R2 0.024 / 0.351
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