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ABSTRACT 
 
Although boundary-related lengthening is well-
established, it is unclear whether the stretch of speech 
affected is determined by a grammatical domain (e.g., 
mora, syllable, word) or whether it corresponds to a 
fixed interval at the boundary. Here, we use 
Electromagnetic Articulography (EMA) to address 
this issue in Tokyo Japanese, a mora-timed language. 
Disyllabic initial-accented words with all possible 
combinations of moraic structure in each syllable 
were tested in phrase-final and phrase-medial 
positions. Analyses of consonant gestures in each 
syllable’s onset show that boundary-related 
lengthening extends beyond the phrase-final mora or 
syllabic rhyme to the onset of the phrase-final syllable 
when the latter is light (CV), but not when it is heavy 
(CVC or CVV). No evidence for boundary-related 
lengthening was found in the onset of the penultimate 
syllable, suggesting that the phrase-final word is not 
the domain of the effect. Results are discussed within 
the framework of Articulatory Phonology. 
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1. INTRODUCTION 

Phrase-final lengthening is the phenomenon in which 
acoustic and articulatory durations are longer in 
phrase-final positions as compared to their phrase-
medial counterparts (e.g., acoustics: [1]–[5]; 
articulation: [6]–[11]). The effect is so widely attested 
in numerous languages and language varieties that it 
is considered a language universal [12, 13]. Yet, the 
scope of the effect, i.e., the stretch of speech affected, 
remains an understudied and ambiguous issue. An 
important parameter that stays unknown is whether 
the scope of the effect is determined by a grammatical 
domain. For instance, there is evidence suggesting 
that the effect can extend over several pre-boundary 
segments, with the exact domain of the effect varying, 
possibly on a language-specific manner, from the 
phrase-final syllable rhyme [1, 14, 15] to the phrase-
final foot [4] or even word [16]. Alternatively, the 
effect may not scope over a grammatically defined 
domain, but instead over a fixed interval at the 
boundary [17]. Furthermore, it seems that the scope 

and degree of the effect is further fine-tuned by 
several factors that also affect phonetic duration, such 
as segment type, vowel length, syllable structure as 
well as language-specific features. For instance, in 
English, phrase-final lengthening has been found to 
apply to the rhyme of the phrase-final syllable [5], 
while other studies have suggested that the effect 
begins earlier, extending to the onset of the final 
syllable in cases when its vowel is reduced or is not a 
diphthong [1]. Another factor that emerges from the 
literature as playing an important role in determining 
the scope of the effect is position of lexical stress 
and/or phrase-level pitch accent [10] (See also [4], 
[5]; but see [18]). Recent work in Japanese shows 
interactions of the effect with lexical pitch accent as 
well [19].   

Here, we also turn to Japanese. While the majority 
of studies have looked into boundary-related effects 
in stress languages like English and Dutch, where the 
most relevant phonological unit is mainly the 
syllable, mora-timed languages like Japanese can 
offer an interesting perspective on the domain of 
phrase-final lengthening, since the candidate domains 
of mora, syllable and word can be disentangled from 
each other. Previous findings on this issue in Japanese 
has been limited and inconclusive. An acoustic study 
by Shepherd [20] has found that phrase-final 
positions showed proportionally greater lengthening 
in short vowels than long vowels, and took this to 
mean that the domain of final lengthening in Japanese 
is one mora. On the other hand, studies from Seo et al 
[21, 22] suggest that the scope of boundary 
lengthening is better explained by syllabic rather than 
moraic structure, as lengthening on final CV syllables 
was comparable to that of the combined effect of 
lengthening in the two moras in the rhyme of a final 
CVN syllable. Moreover, Seo et al’s [22] study 
showed that the degree of phrase-final lengthening 
was greater when the penultimate syllable had a 
moraic nasal. Finally, the number of segments in the 
rhyme was found to affect the degree of lengthening, 
as the scope of boundary was found to be more 
limited in words that have more segments (e.g., 
CVN.CVN) compared to those that have fewer 
segments (e.g., CV.CV).  

In this study, we examine the interaction between 
moraic structure and phrase-final lengthening in 
Tokyo Japanese via Electromagnetic Articulography 
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(EMA). Disyllabic initial-accented words with all 
possible combinations of moraic structure in each 
syllable (see Table 1) are tested in phrase-final and 
phrase-medial positions. If the domain of phrase-final 
lengthening is the syllable, we expect to see the final 
syllable to lengthen in test disyllabic words with 
various moraic structures [21, 22]. If the domain of 
phrase-final lengthening is the mora, we expect to see 
lengthening limited to the final mora across the 
different syllable weights [20]. If the scope is domain-
agnostic, effects should be seen on a specific interval 
at the end of the phrase (e.g., [17]). If lengthening is 
attracted to heavy non-final syllables, long vowels 
and geminate consonants should have the same effect 
as moraic nasals in Seo et al’s [21, 22] research. 

2. METHOD 

2.1. Participants and recording apparatus 

Participants were 6 native speakers of Tokyo 
Japanese (1 male and 5 females, Mage = 22 years, 
range 20-25 years). All participants could read 
Japanese orthography and reported no speech, 
hearing, or vision problems. They were not aware of 
the purpose of the experiment and were compensated 
for their participation. 

Data were collected via the AG501 three-
dimensional electromagnetic transduction device 
(Carstens Medizinelektronik). Five sensors were 
attached to tongue dorsum, tongue body center, 
tongue tip, upper lip, and lower lip. An additional five 
sensors were attached as reference points: upper 
incisor, lower incisor, nose, and left and right ears. 
Audio recordings were performed simultaneously 
with the kinematic recordings with a Sennheiser 
shotgun microphone set at a sampling rate of 16 kHz. 

2.2. Experimental design and procedure 

Test words were 11 disyllabic initial-accented words 
with every possible combination of moraic structure 
in the first and second syllable, as shown in Table 1. 

All test words were embedded in frame sentences 
in a phrase-medial (PhM) control position or in a 
phrase-final (PhF) test condition, as illustrated in 
Table 2. Frame sentences were controlled for length 
(number of moras) and pitch accent of the following 
verb, which was varied to create sensical utterances. 
Short dialogues were used to create contexts that 
prompted frame sentences embedded with the target 
words as responses. 

All sentences and stimuli were presented in 
Japanese orthography on a computer screen placed 
about 3 feet away from the participant. Context 
sentences were read silently and target sentences 
aloud. Altogether, there were 2 phrasal positions, 10 

test words (manipulating moraic structure), 9 
repetitions, and 6 speakers for a total of 1188 
utterances collected. 
 
Mora 
Count 

Moraic 
Structure 

Syllabic 
Weight 

Test  
Word Gloss 

2 CV.CV LL ma*mi ‘name’ 
2 CV.CV LL na*mi ‘name’ 
3 CV.CVV LH ma*niː ‘money’ 
3 CV.CVN LH bi*naɴ ‘handsome man’ 
3 CVV.CV HL biː*mu ‘beam’ 
3 CVN.CV HL baɴ*bi ‘southern area’ 
3 CVC.CV HL bag*gu ‘bag’ 
4 CVN.CVV HH meɴ*boː ‘cotton swab’ 
4 CVV.CVV HH baː*biː ‘Barbie’ 
4 CVV.CVN HH maː*biɴ ‘name’ 
4 CVC.CVN HH mak*kuɴ ‘name’ 

 
Table 1: Test words by moraic structure and 
resulting syllable weight. L = light syllable, H = 
heavy syllable 

 
Phrasal 
Position 

Test Sentence 

Phrase-
medial 
(PhM) 

[hoɴto: ni      na*mi     makasi̥ta?]IP 
 really            Nami       defeated? 
‘Really (you) defeated Nami?’ 

Phrase-
final 
(PhF) 

[hoɴto: ni     na*mi ?]IP   [makasi̥ta?]IP 
 really           Nami           defeated? 
‘Really Nami? (You) defeated (her)?’ 

 
Table 2: Sample frame sentences for test word 
na*mi. 

2.3. Data analysis 

Kinematic labels for all consonants (C) were made 
using a semiautomatic procedure that identifies 
constriction gestures (Tiede, Haskins Laboratories). 
Labial C gestures (/m/) were labelled on the lip 
aperture tract, coronal C gestures (/t, d, n/) on the 
tongue tip vertical displacement tract and dorsal C 
gestures (/k, g/) on the tongue dorsum vertical 
displacement tract. 
 

 
 

Figure 1: Schematic representation of a gestures and 
labelled timepoints. 
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