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Case study 1: Korean dialects

Is [i] less variable in Hamkyoung Korean
than in Seoul Korean?

▶ Hamkyoung Korean (North Korea):
retain [e]-[E] contrast.

▶ Seoul Korean: merging [e] and [E].
▶ Formant data from Kang et al.

(2019), analyzing s.d. of [i] using two
tokens in the casual condition.

Linear mixed effects model:
s.d. ∼ language ∗ fn + (1 | speaker).

▶ Significant lower variability of f1 in
Hamkyoung. ✓

Euclidean distance of the two vowels in each lexical 
minimal pair produced for each speech condition, as 
shown in (2).  
 

(1) 𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛) = +𝐹1). + 𝐹2).  

(2) 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒)4 = +(𝐹1) − 𝐹14). +	(𝐹2) − 𝐹24).  

 
Three separate linear mixed-effects regression 

models were built using the lmer() function of the 
lme4 package [2], with each of the three 
hyperarticulation measures as a dependent variable. 
The fixed effects predictors in the initial models 
included CONDITION (casual, careful, and 
contrastive), DIALECT (Seoul, Hamkyoung), 
VOWEL/VOWEL.PAIR, GENDER (Female, Male), AGE 
(Old, Young), and their full interactions. All 
predictors were simple coded (reference levels are 
underlined). The models included random intercepts 
for speakers and words/word.pairs, as well as a by-
speaker random slope for CONDITION, if no 
convergence problem occurred. The initial full 
models were pared down by backward step-wise 
regression using the step() function. Post-hoc tests 
were done using the testInteractions() function of the 
phia package [6]. Below we report the results 
focusing on CONDITION, the main topic of our study, 
and its interactions with other predictors. Statistical 
analyses were also conducted to test for dialect- and 
age-based differences on vowel formants. The alpha 
value of 0.05 is assumed for significance reporting 
and statistical details are suppressed for space.  

3. RESULTS 

3.1. Overview of the vowel positions 

Figure 1 summarizes the position of the eight 
monophthongs by dialect and age. We observed a 
number of statistically significant differences for 
dialect and age which are in line with previous related 
studies [8, 9, 11, 23]. The two front mid vowels (/e, 
ɛ/) are almost merged in Seoul, more so for younger 
than older speakers, while they remain distinct and 
stable across age groups in Hamkyoung. The high 
central vowel /ɨ/ is much more front in Seoul, with 
younger speakers fronting the vowel more than older 
speakers, while in Hamkyoung, the vowel is further 
back, although younger speakers show fronting 
toward a Seoul-like position. The positions of the two 
mid back vowels are also very different between the 
two dialects. In Seoul, /o/ is raising to a position close 
to /u/, with younger speakers raising more than older 
speakers, while /ʌ/ is in a lower mid vowel position. 
In Hamkyoung, the height of the two vowels is 
reversed in older speakers, while younger speakers 

again show movements toward the Seoul-like 
positions, raising /o/ and lowering /ʌ/.  

3.2. Duration 

Figure 2 summarizes the effects of speech condition 
and dialect on vowel duration. We found a significant 
main effect of CONDITION (contrastive > careful > 
casual), DIALECT (Hamkyoung > Seoul), and VOWEL 
(not shown). In other words, speakers produced 
longer vowels when asked to speak carefully, and the 
contrastive speech condition induced further 
lengthening over the careful condition. In terms of 
dialect, Hamkyoung speakers generally produced 
longer vowels than Seoul speakers. We also found a 
significant two-way interaction of CONDITION * 
VOWEL. A post-hoc test shows that while a significant 
durational difference between the casual and 
contrastive conditions was consistently found across 
all vowels, the careful condition does not differ from 
the other two conditions consistently across all 
vowels.  
 

Figure 1: Korean vowels by dialect, age, and 
speech condition 
 

 
 

Figure 2: Vowel duration by speech condition 
 

 

3.3. Dispersion 

Figure 3 summarizes the effects of speech condition 
and dialect on vowel dispersion. There was a 
significant main effect of CONDITION (contrastive > 
careful > casual) and VOWEL (not shown). In other 
words, some vowels are farther away from the centre 
than others, as expected, and the contrastive condition 
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Case study 2: Catalan dialects

Are [a, E, O] less variable in Majorcan Catalan than
in other dialects?

▶ Majorcan Catalan: contrastive schwa [@] in
stressed position for 8 total vowels.

▶ Valencian, Eastern, Western Catalan: no
contrastive stressed [@] for 7 total vowels.

▶ Formant data from target words in read
meaningful sentences from Recasens and
Espinosa (2006).

Linear mixed effects model:
s.d. ∼ language ∗ fn ∗ vowel + (1 | speaker).

▶ No significant effect for Majorcan or any
interaction with [a, E, O]. ?

higher in MC than in the other three Catalan dia-
lects suggests that the vowel in question is not only
specially close but also most anterior in the Major-
can dialect; moreover, in addition to MC and VC,
WC also shows a lower F1 than EC. Regarding
mid vowels, VC parallels MC in showing a higher
F1 for / c/ with respect to EC as well as to WC.
Two other trends recall the significant differences
for / c/ reported above, i.e., a higher F1 for /e/ in
MC, VC and WC than in EC, and a higher F1
for /o/ in MC and VC than in the other two
dialects.

3.1.2. Dorsopalatal contact

The top graphs in Fig. 3 display Qp values for all
vowels and speakers in MC (left), VC (middle) and

EC (right). Averages across speakers of each dialect
are presented in the lower graph.

All graphs show that dorsopalatal contact
decreases with vowel height for /i/ > /e/ > /e/ > /a/,
reaches its minimum for / c/, and is higher for /u/
than for /o/. EPG configurations in Fig. 1 reveal
analogous vowel-dependent differences in dorsopal-
atal contact to the ones just described. Less dorso-
palatal contact for low and back rounded vowels
than for front vowels results from predorsum lower-
ing as the tongue postdorsum is positioned for the
formation of a lower pharyngeal, upper pharyngeal
or velar constriction.

According to the upper and lower graphs of
Fig. 3, the vowels of MC may be produced with
less palatal contact than their VC and EC cognates
which is in accordance with some F1 differences
reported in the preceding Section 3.1.1. There is
one exception, i.e., one of the Eastern Catalan
speakers (DP) who shows less, not more dorsopal-
atal contact for front vowels than most MC and
VC speakers. Measures of palate height indicate
that this dialect-dependent difference is not condi-
tioned by palate shape. Thus, in spite of exhibiting
less contact, speaker DP has less, not more palate
height (14 mm) than the two other Eastern Catalan
speakers DR (20.5 mm) and JC (17 mm). More-
over, contact degree is roughly the same for all
MC speakers in spite of the fact that the palatal
vault is higher for speaker AR than for speakers
BM, MJ, ND and CA, i.e., 26 mm vs. 17–19 mm.
VC speakers exhibit similar degrees of tongue con-
tact and comparable palate heights, i.e., about 18–
21 mm.

Correlation analyses between dorsopalatal con-
tact and formant frequency data yielded high r val-
ues, i.e., �0.673 (Qp-F1) and 0.802 (Qp-F2). r values
are negative for Qp-F1 since F1 decreases as dorso-
palatal contact size increases for high vs. low vow-
els, and positive for Qp-F2 since F2 rises with an
increase in dorsopalatal contact for front vs. back
vowels. Therefore, there appears to be a good agree-
ment between acoustic and articulatory data which
confirms the validity of dialect-dependent differ-
ences in vowel formant frequency.

3.2. The status of schwa

(a) According to the F1 · F2 plots in Fig. 2, MC
/c/ occupies a central position somewhere in the mid
vowel region just above the low vowel /a/. F3 values
for /c/ in Tables 2 and 3 are higher than those for
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Fig. 2. Unnormalized (top) and normalized (bottom) F1 · F2
values for the vowels of Majorcan, Valencian, Western Catalan
and Eastern Catalan.
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Case study 3: Italian dialects

Are [a, i, u] more variable in Italian dialects with fewer vowel height levels?

▶ 5-vowel Italian dialects: contrastive stressed [a, i, u, e, o].
▶ 7-vowel Italian dialects: contrastive stressed [a, i, u, e, o, E, O].
▶ Formant data from read meaningful sentences in CLIPS (Albano Leoni

et al., 2007; Renwick, 2024).

Linear mixed effects model: s.d. ∼ language ∗ fn ∗ vowel + (1 | speaker) + . . .

▶ Significant greater variability of [a, i] in 5-vowel dialects. ✓

Does inventory crowdedness relate to
within-context variability?

(1) Hypothesis: more crowded inventories have less variable sounds.

Limited prior empirical work:

▶ show null results when relating inventory size to variability (Hauser,
2022; Cortés Kandler, 2026), or

▶ study contextual variation (Lavoie, 2002; Zhang and Chodroff, 2026).

My approach: examine within-context formant variability of the vowel
sounds neighboring a more/less crowded region.

What theory would account for a
relationship between inventory
crowdedness and variability?

No prior formal model predicts (1). Deriving (1) is not straightforward,
and it only applies to languages at the universal limit of probability of
confusion.

Background: Dispersion Theory of Contrast

Dispersion Theory of Contrast (Flemming, 2002, 2004) . . .

▶ Builds on prior Dispersion Theory (Liljencrants and Lindblom, 1972;
Lindblom, 1986) that contrasting sounds must be sufficiently distinct

▶ To make theoretical predictions about inventories of sounds.

Treat contrastive sounds as points along some phonetic dimension(s).

▶ eg. i1, e3, a5 along the acoustic dimension first formant, f1.

0 1 2 3 4 5 6
i1 e3 a5

Constraints and constraint families:

▶ MAXIMIZECONTRAST: n, for an inventory with n members. Higher
values of n are better than lower values of n.

▶ MINIMUMDISTANCE[f1] = 4: Enforces distinctiveness by incurring one
* per pair of sounds with distance in f1 less than 4.
▶ Fixed universal ranking: . . . » MINDIST[f1] = 4 » MINDIST[f1] = 5 » . . .

MINDIST
[f1] = 2

MINDIST
[f1] = 4

MINDIST
[f1] = 5

MAXIMIZE
CONTRAST

(a) i1 e3 a5 ** *** 3 ( )
(b) i1 e2 a5 * ** *** 3 ( )
(c) i1 a5 * 2 (* )
(d) i1 1 (**)

Ranking MAXIMIZECONTRAST wrt. MINDIST[f1] = d selects an inventory,
eg. (a) or (c), compromising on inventory size and distinctiveness.

▶ Poorly dispersed inventories, (b), always lose to well dispersed
inventories of the same size, (a).

Dispersion theory with distributional representations

Articulator movement, like any muscular activation, is inaccurate.

▶ Let articulator inaccuracy be anticipable by the phonological system.

Treat contrastive sounds as probability distributions.

▶ For simplicity, normal distributions, such as iµ=1
σ=0.8.
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New constraint families, replacing MINDIST[f1] = d :

▶ MAXIMUMINTERSECTION[f1] = 0.2: Enforces distinctiveness by
incurring one * per pair of sounds with intersection greater than 0.2.
▶ Fixed universal ranking: . . . » MAXINT[f1] = 0.2 » MAXINT[f1] = 0.1 » . . . .

▶ σ[f1] ≥ 1: One * per sound with s.d. less than 1.
▶ Fixed universal ranking: . . . » σ[f1] ≥ 0.6 » σ[f1] ≥ 0.8 » σ[f1] ≥ 1 » . . .

0.22 0.1 0.05 0.02 0.01 0.8 1.0
(a) i11 e3

1 a5
1 ** ** ** *** *** 3

(b) i10.8 e3
0.8 a5

0.8 ** ** ** *** *** 3
(c) i10.6 e3

0.6 a5
0.6 ** ** ** *** *** 3

(d) i11 a5
1 * * 2

(e) i10.8 a5
0.8 * ** 2

(f) i10.6 a5
0.6 ** ** 2

MAXINT[f1] = σ[f1] ≥ MC

Ranking MAXIMIZECONTRAST wrt. MAXINT[f1] = p controls inventory size.

▶ σ[f1] ≥ s chooses between inventories of the same size.
▶ No prediction of (1) yet! Languages may rank MAXINT[f1] = 0.22 low.

Fix inviolable MAXINT[f1] = pmax at universally intolerable confusion level:

▶ Prediction: for languages operating at the limit, (1) a more crowded
inventory has less variable sounds.

▶ The limit: except for pmax, all MAXINT[f1] = p are ranked low.
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Case study 1: Korean dialects

Is [i] less variable in Hamkyoung Korean than in Seoul Korean?

▶ Hamkyoung Korean (North Korea): retain [e]-[E] contrast.
▶ Seoul Korean: merging [e] and [E].
▶ Formant data from Kang et al. (2019), analyzing the casual condition.
▶ 1 repetition per word per speaker, 36 Hamkyoung and 21 Seoul spkrs.
▶ Pool words containing [i] with similar contexts: sita [Cita], cito [tCito].
▶ Calculate 2-sample within-context standard deviation for each speaker.

Linear mixed effects model: s.d. ∼ language ∗ fn + (1 | speaker).

▶ Sum-coded language (Hamkyoung vs Seoul) and fn (f1 vs f2).
▶ (1) predicts a negative coefficient for Hamkyoung, especially in f1.
▶ Effect for Hamkyoung: β = −38.5, t(55) = −1.86, p = 0.068.
▶ Effect for H:f1 interaction: β = −38.9, t(55) = −2.63, p = 0.011. ✓

Case study 2: Catalan dialects

Are [a, E, O] less variable in Majorcan Catalan than in other dialects?

▶ Majorcan Catalan: contrastive schwa [@] in stressed position for 8 total
vowels.

▶ Valencian, Eastern, Western Catalan: no contrastive stressed [@] for 7
total vowels.

▶ Formant data from target words in read meaningful sentences from
Recasens and Espinosa (2006).

▶ Calculate standard deviation of 7 repetitions per vowel in each of 4
consonantal contexts by each of 5 speakers.

Linear mixed effects model: s.d. ∼ language ∗ fn ∗ vowel + (1 | speaker).

▶ Dummy-coded language (baseline non-Majorcan); sum-coded fn and
vowel (excluding [@]).

▶ (1) predicts negative coefficient for Majorcan [a, E, O].
▶ No significant effect for Majorcan or any interaction with [a, E, O]. ?

Case study 3: Italian dialects

Are [a, i, u] less variable in Italian dialects with 2 levels of mid vowels?

▶ 7-vowel Italian dialects: contrastive stressed [a, i, u, e, o, E, O].
▶ 5-vowel Italian dialects: contrastive stressed [a, i, u, e, o].
▶ Formant data from read meaningful sentences in CLIPS (Albano Leoni

et al., 2007; Renwick, 2024).
▶ Calculate standard deviation of each vowel-context-speaker for 16

speakers per dialect, 7 dialects with 7 vowels and 4 with 5 vowels.

Linear mixed effects model: s.d. ∼ language ∗ fn ∗ vowel + (1 | speaker) +
(1 | preceding place) + (1 | following place) + (1 | vowel length).

▶ Dummy-coded language (baseline 7V); sum-coded fn and vowel.
▶ (1) predicts positive coefficients for [a, i, u] in 5-vowel dialects,

especially f1.
▶ Significant positive interactions: 5V:a, 5V:i. ✓
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Dispersion theory with distributional representations

In addition to pmax, other bounding limits apply to the constraint families
MAXINT[f1] = p and σ[f1] ≥ s.

▶ MAXINT[f1] = pmax (universally inviolable): a certain amount of
confusion is universally intolerable.
▶ At this boundary, the tradeoff between MAXIMIZECONTRAST and σ[f1] ≥ s is that

(1) more crowded inventories necessarily have narrower distributions.
▶ MAXINT[f1] = pmin: reducing confusion is only helpful up to a certain

amount.
▶ Phonemes have no impetus to be spaced further apart than this boundary.

▶ σ[f1] ≥ smin (universally inviolable): only a certain amount of variability
is universally achievable.
▶ At this boundary, the tradeoff between MAXIMIZECONTRAST and MAXINT[f1] = p

reduces to the familiar tradeoff between MAXIMIZECONTRAST and
MINDIST[f1] = d in Dispersion Theory of Contrast (Flemming, 2002) treating
phonemes as points.

▶ σ[f1] ≥ smax: larger variability is only preferred up to a certain amount.
▶ Prevents the (unlisted) inventory candidate with a single phoneme of infinite

standard deviation from winning.

http://www.clips.unina.it
http://www.clips.unina.it
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