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Surface palatalization of velars in Polish (k -> c/i, e), and the morpho-phonological palatalization 
(k -> t͡ ʃ/i, e) are well-known processes. One can assume for Polish *ki and *k+i, cf. (1). The 
constraint on sequences transcribed as *kɨ, cf. (3), is, however, less often discussed. Unlike 
palatalization, it seems arbitrary. If the vowel transcribed as [ɨ] functions as a back vowel, as is 
commonly assumed, the sequence should be perfectly acceptable, yet, modern Polish prohibits 
*k+ɨ across morpheme boundaries. Suffix-initial [i] when following a velar stop triggers 
obligatory palatalization of the stop to a palatal, cf. (1). This [i], however, is usually interpreted 
as derived from underlying /ɨ/. We observe then a strategy to repair the dispreferred *k+ɨ. 
Morpheme-internal [kɨ] is also restricted in standard modern Polish to a handful of very recent 
borrowings. Importantly, velar fricatives co-occur with [ɨ] without restrictions (xɨ, x+ɨ).  

The second asymmetry is concerning the behavior of sequences with velar consonants 
depending on the height of the vowel. Sequences with mid vowels seem to be less restrictive 
than those with high vowels. [kɛ] sequences, unlike [kɨ], are well-established in Polish. 
Palatalization is still obligatory across a morpheme boundary for stops, cf. (4), but for fricatives 
– the default is actually no palatalization, unlike for stops (x+ɛ and xɛ), cf. (4). 

We argue that the apparent asymmetries are perfectly symmetric, but we need to revise a 
couple of standard assumptions. First of all, phonological patterning and phonetics indicate that 
/ɨ/ is a front vowel like /i/ and /ɛ/. /kɨ/ and /kɛ/ are problematic because of the incompatible place 
of articulation, not unlike *ki. The repair strategy for *ki is consonant palatalization. To repair 
bad *kɨ and *kɛ, speakers adjust the vowel to assimilate to the velar stop. Our recent ultrasound 
study has shown that speakers produce [ɨ] in a [k]-context with a longer constriction extending 
further back than in other contexts. We speculate that this strategy was adopted earlier for mid 
vowels, resulting in an abundance of borrowings, and only in the mid 20th century for high 
vowels. The direction of the adjustment supports the analysis of /ɨ/ and /ɛ/ as front vowels. In the 
context of a morpheme boundary, a diachronically older repair has been adopted for both high 
and mid vowels, that is, palatalization of consonants. /k+ɛ/ sequences spanning a morpheme 
boundary behave parallel to /k+ɨ/, that is, they are not allowed. Instead, the velar stop gets 
palatalized to a palatal [c]. What is seldom discussed though is that the mid vowel surfaces then 
as a tense [e] rather than the usual [ɛ], producing [c+e], an output fully symmetrical to [c+i]. 

We propose that the sequences containing stops and high vowels are more restricted than 
sequences with, respectively, fricatives and mid vowels, because of the more extreme 
displacement of the tongue from the neutral position on the high-low axis. It seems that for the 
sounds produced with a maximal tongue raising, it is more difficult to produce a segment 
sequence which is not compatible in terms of frontness. The need to assimilate in terms of 
frontness is not as critical when one or both elements of the sequence are articulated with less 
than maximal raising of the tongue. Note that the theory operating with [high][low] features for 
vowels and manner features for consonants is not capable to express a generalization here but is 
forcing us to regard the phonotactic constraints in Polish as a set of disparate mechanisms. This 
is another case of the two-mouth problem, parallel to the relationship of the place of articulation 
in consonants and the frontness in vowels. In this talk we explore the use of feature [open] 
referring to both vowels and consonants to offer an analysis in terms of Harmonic Grammar with 
Weighted Constraints.  



 
k = {k, g}, c={c, ɟ} 
(1) *ki *k+i versus   ci c+i   kino, mak+i 
(2) *xi *x+i versus  çi ç+i  Chiny, wymach+iw+a+ć 
(3)  *?kɨ *k+ɨ      kynolog 
(4) xɨ x+ɨ      chyba, wymach+y  
(5)  kɛ  *k+ɛ  versus  ce c+e  kelner, kiedy, maki+em  
(6) xɛ x+ɛ  versus   çe *ç+e  chemia, hiena, wymach+em 
 
(7)       
 [back] [ATR] 
[i] -  + 
[ɨ] -(+) - 
[k]/[x] + - 
[c]/[ ç] - + 

 
 



Immediate integration of coarticulatory cues for /s/-retraction
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Introduction: Previous work on cue integration has suggested that listeners use different perceptual
strategies for different sounds. For example, listeners use a ‘cascade’ strategy for coarticulatory vowel
nasalization when deciding between scent-set, immediately integrating nasalization cues as soon as they
become available (Beddor et al. 2013), but appear to use a ‘buffer’ strategy for sibilant perception when
deciding between seep-sheep, waiting until the vowel onset to use the spectral information held in the
buffer (Galle et al. under review). The present study examines the perception of /s/-retraction, an on-
going sound change in American English where /s/ approaches /S/ especially in /str/ clusters (Shapiro
1995; Baker et al. 2011; i.a.), and asks whether listeners will make use of coarticulatory spectral cues
immediately, as they do for nasal coarticulation, or wait the onset of the intervening stop or rhotic, as
observed for prevocalic sibilants.

Methods: The present study uses a modified visual world paradigm (Allopenna et al. 1998) in
which listeners’ eye movements were monitored while they listened to stimuli containing varied degrees
of coarticulation. Listeners were presented with two images and prompted to click on one of the images
using lexical words they were trained to associate with the images. The critical pairs include /s/-/sC/
(sing-sting), /sC/-/sCr/ (sting-string), /sCr/-/S/ (string-shingle) and /s/-/S/ (sing-shingle), where all
three stops /p/, /t/, and /k/ were examined. Each participant was assigned to an increased or decreased
coarticulation condition. The onsets for the /sC/ and /sCr/ clusters were created by digitally mixing
the onsets from corresponding prevocalic /s/ and /S/ at the following rates: /str/: 40%/s/-60%-/S/
(increased), 70%/s/-30%-/S/ (decreased); /spr/ & /skr/: 60%/s/-40%-/S/ (increased), 90%/s/-10%-/S/
(decreased); /st/-/sp/-/sk/: 90%/s/-10%-/S/ (both conditions). Stop-initial stimuli were included as
fillers.

Results: Right eye gaze data was examined from 200 ms after the sibilant onset, to account for
the lag in eye movement execution, until 200 ms after the stop onset. Responses were modeled using
linear mixed effects models with RetractionCondition (increased, decreased), PlaceOfArticu-
lation (alveolar, bilabial, velar; helmert-coded), and ClusterType (SC, SCR); random intercepts
were included for subject. As illustrated in Figure 1 by the divergence of the teal and red lines, listeners
were significantly more likely to look to an /sCr/ image during the onset of the /sCr/ cluster, across
all places of articulation (t = 5.61). However, the increased degree of retraction did not increase looks
toward /str/ images (t = .26), illustrated by the relative overlap of the solid and dotted teal lines in
the left-hand panel, but did in /spr/ images (t = 3.01), illustrated by their separation in the middle
panel. This suggests that listeners use the spectral cues of retraction in /str/ clusters, which are present
in both in the increased and decreased retraction conditions, manifested by a lowered center of gravity
compared to the /st/ clusters, but don’t appear to use additionally increased degrees of retraction in
the increased condition earlier or more robustly.

Implications: The results of this study suggest that, unlike in prevocalic environments in which
listeners have been shown to use a buffer strategy, which this study independently replicated, listeners
use a cascade strategy in the perception of sibilant clusters, immediately integrating the anticipatory cues
of retraction as soon as they are available. These findings provide further evidence that coarticulation
is beneficial not just to the speaker in reducing articulatory effort, but also to the listener in speech
processing.



Figure 1: Proportion of fixations to /sCr/ images in trials with /sC/-/sCr/ pairings for /t/ (left panel), /p/
(middle panel) and /k/ (right panel) as a function of the cluster type (/sC/ or /sCr/) and the coarticulatory
condition (increased or decreased). The space between the dotted vertical lines represents the window for
planned eye-movements during the sibilant duration after accounting for 200 ms lag.



Articulator-free Features and Sound Classes 
San Duanmu 

University of Michigan 
 
An articulator-free feature is one that can be performed by two or more articulators, such as 
[stop], which can be performed by the tongue tip in [t] or the tongue body in [k]. Articulator-free 
features, which include most manner features, have played a prominent role in feature theory, 
both in representing consonants and in defining sound classes (‘natural classes’). However, when 
features are interpreted as gestures of active articulators, articulator-free features are called into 
question. In the gestural interpretation, it can no longer be taken for granted that similar gestures 
performed by different articulators, such as Tip-[+stop] and Lip-[+stop], are identical, unless 
articulator-free gestures can define sound classes. In this study, I offer an exhaustive examination 
of sound classes in Kennedy (2016) in order to determine whether articulator-free features are 
necessary. It is found that all sound classes can be defined without articulator-free features. The 
result supports a gestural interpretation of features and simplifies feature theory. 
 
 
Reference: 
Kennedy, Robert. 2016. Phonology: a coursebook. Cambridge: Cambridge University Press. 
 



Consonant Voicing, Foot Structure, and Tone in Estonian and Franconian 
Björn Köhnlein (OSU, koehnlein.3@osu.edu)   

Ian S. Cameron (OSU, cameron.996@buckeyemail.osu.edu) 
The issue. It is a well-established phonological generalization that foot-medial onsets tend to 
undergo lenition (e.g. Honeybone 2012, Katz 2016); conversely, we propose that word-medial 
consonant quality can also affect footing. Our main evidence comes from West Germanic 
(Franconian) tone-accent systems that contrast Accent 1 and Accent 2. In some dialects, the 
voicing quality of post-tonic onsets correlates with accent assignment; we argue that this 
interaction can best be captured in a foot-based approach to accent (e.g. Köhnlein 2011, 2016, 
2018, Hermans 2012, Kehrein 2018, Van Oostendorp 2018). As we show, our approach is 
comparable to the foot-based analysis of ternary quantity in Estonian and its interaction with 
consonant gradation (based on Prince 1980, Odden 1997). Furthermore, we claim that the 
generalizations on Franconian are hard to express with an approach based on lexical tones (e.g. 
Gussenhoven 1999, Peters 2006). Our analysis thus contributes to two ongoing debates in 
prosodic typology: 1. the interaction of consonant voicing and metrical structure, and 2. the 
phonological representation of tonal accent. 
Data. For purposes of exposition, we focus here on the Franconian facts, using Aegidienberg 
(Müller 1900) and Cologne (e.g. Münch 1904) as examples. In these dialects, disyllabic words 
with word-medial lenis consonants (voiced obstruents, sonorants) have Accent 1 (we discuss 
certain apparent, yet morphologically conditioned exceptions); words with word-medial fortis 
consonants (voiceless obstruents) typically have Accent 2, but may have Accent 1: 

(1) [iː1.zən] ‘iron’ ~ [riː2.sən] ‘tear’; [ʃuː1.vən] ‘push’ ~ [ʃuː2.fəl] ‘shovel’ (Müller 1900) 
Analysis I: tonal accent. Assuming Köhnlein’s and Van Oostendorp’s representations, Accent 1 
is a disyllabic foot, and Accent 2 is a monosyllabic, bimoraic foot; headedness is determined at 
the highest level where the foot is binary (e.g. Morrison 2018 for a similar treatment of tonal 
accent in Scottish Gaelic). Declaratives have a H*L tonal melody, interrogatives L*H. Accent-1 
feet are binary at the syllable level: The first syllable is the head (s+) and licenses a tone on each 
mora, resulting in HL (2, left) or LH. Accent-2 feet are not binary at the syllable level, but (only) 
at the mora level: The first mora is the head (µ+) and hosts a tone; the second, dependent mora 
(µ-) is ‘weak’ and cannot host a tone. Instead, it receives its tone from the first mora via 
spreading, leading to H (2, right) or L in the accent syllable; trailing tones occur post-tonically. 

(2) 
 
 
 
 
 
 
Analysis II: voicing. Words with intervocalic lenis consonants receive Accent 1 because lenis is 
preferably foot-medial (2, left), in line with cross-linguistic tendencies. Intervocalic fortis 
typically blocks the assignment of a disyllabic foot, leading to a monosyllabic Accent-2 foot (2, 
right). Cases where Accent 1 does occur with foot-medial fortis (e.g. [roː1fən] ‘call’) are 
predicted if Accent-1 feet can be lexically assigned (following, e.g., Köhnlein 2016). Since both 
accents can have H or L pre-consonantally (depending on the intonation), the observed effects 
cannot be attributed to direct tone-voicing interactions, favoring a metrical analysis. 



Comparative Algonquian metrical phonology 
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Hayes (1995:221-222) writes: “The common pattern of left-to-right iambs in both Central 
and Eastern Algonquian languages leads one to wonder whether the pattern was a 
property of Proto-Algonquian” [PA], but he ultimately does not pursue the issue. We 
propose that PA was in fact iambic, based on a comparative analysis of metrical 
patterns across the family and begin to assemble a full picture of metrical structure in 
the family.  
 
From a synthesis of what is known about Algonquian metrical structure (e.g. Milligan 
2005, see table, next page), we see that iambic systems — typologically relatively 
uncommon in the world’s languages — represent a clear majority across the family and 
in the Eastern and Central subgroups/regions. We further note a number of prosodic 
patterns that are typologically unusual, including absence of iambic lengthening.  
 
The purportedly trochaic Algonquian languages are in fundamentally different regions 
and parts of the family  — Plains Cree in the west and Mi’gmaq and Passamaquoddy in 
the east. That these languages are in different subgroups and far apart geographically 
suggests independent innovation. The difficulties and uncertainties of proposals for 
trochaic structure in these languages may further point to historical complexity in 
change from iambic to trochaic systems.  
 
Most non-iambic languages in the family are tonal, namely the Plains languages 
(Arapaho-Atsina, etc.), Montagnais (Eastern) and Kickapoo (Central). There, tone is a 
relatively recent, language specific development which has arisen along various paths, 
involving transphonologization of earlier vowel length, glottal elements and other 
features. The Plains languages are in an area characterized by numerous tone 
languages from several families, including Siouan and Athabaskan. 
 
We conclude that Proto-Algonquian was indeed iambic, while a couple of daughters 
may have become trochaic. Tone has arisen independently in part in a tonal language 
area and in part by familiar patterns of tonogenesis. Ultimately, this paper begins to 
flesh out the diachronic and synchronic typology of Algonquian prosodic structure. 
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Table: Metrical Systems of Algonquian Languages (updated from Milligan 2005:29) 
Subgroup Language Type 

Plains 
Languages 

Arapaho Free stress (pitch accent) 

Blackfoot Free stress (pitch accent) 

Cheyenne Tone language 

Eastern 
Algonquian 

Montagnais Free stress (pitch accent) 

Delaware (Unami) Fixed stress (iambic) (largely morphologized) 

Delaware (Munsee) Fixed stress (iambic) 

Passamaquoddy  Fixed stress (controversial) 

Central 

Algonquian 

Menominee Fixed stress (iambic) 

Border Lakes 
Ojibwe 

Fixed stress (iambic) 

Ojibwe (Odawa) Fixed stress (iambic) 

Potawatomi Fixed stress (iambic) 

Southern East Cree Fixed stress (iambic, unbounded?) 

Miami-Illinois Fixed stress (iambic) 

Plains Cree Fixed stress (controversial) 

Meskwaki Fixed stress (iambic or unbounded) 

Kickapoo Fixed stress (iambic or unbounded, pitch accent) 

 
References 
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Introduction: The messages that language users intend to convey do not only depend on what speakers 
say, but also how they say them. To understand communicated meaning beyond literal content, listeners 
must evaluate and simultaneously integrate information from intonation that is distributed throughout the 
entire utterance. There is ample evidence that listeners rapidly integrate intonational information to pre-
dictively map a given intonational cue onto respective speaker intentions [e.g. 1,2,3] and adapt intonation-
based inferences by what appears to be quick adjustment of beliefs about speaker production likelihoods 
[e.g. 4,5]. Previous studies, however, have only focused on the last pitch accent in a phrase and the follow-
ing boundary tone (i.e. the nuclear contour, e.g. [6]), ignoring prenuclear accents, i.e., pitch accents pre-
ceding the nuclear tune. On the one hand, the literature describes them as optional, variable, and placed 
for rhythmic purposes [e.g. 7,8]. On the other hand, systematic differences in the prenuclear region seem 
to distinguish discourse relevant meaning [e.g. 9,10]. Thus, there remain many questions about the extent 
to which listeners rely on early intonational cues for comprehending speaker intentions. Notably, previous 
findings are mostly based on speech production studies or offline perception / rating tasks, leaving open 
the question of whether prenuclear intonational cues do play a role in the real-time processing of meaning 
and whether listeners can learn to use them predictively. The present study addresses these.   
Method: Thirty American English listeners listened to short declarative utterances with different intona-
tional patterns in a forced choice mouse tracking experiment [5,11]. Participants were introduced to a fic-
titious shape-shifting creature. As an answer to the question ‘Did the wuggy become a violin?’, listeners 
heard either (1) ‘The one on the screen LOOKs like a violin.’ or (2) ‘The ONE on the screen looks like a 
MELON.’ In (1), the (nuclear) pitch accent is on the VERB (indicating verum focus) and the object is 
given (mentioned in the question). In (2), a pitch accent on the object marks it as new / contrastive, and an 
additional PRENUCLEAR pitch accent on the subject is a redundant cue for the upcoming contrastive object. 
As a control condition, listeners were exposed to intonationally uninformative utterances, in which listen-
ers had to wait for LEXICAL disambiguation of the object noun (e.g., violin or melon). Listeners had to 
click on visually presented pictures to indicate the intended referent during the unfolding auditory stimu-
lus. The computer mouse trajectories (x,y coordinates) of their responses were recorded and analyzed fol-
lowing [5]: We measured the turn-towards-target measurement (TTT), operationalized as the last point in 
time at which the trajectory horizontally turns towards the target, and predicted earlier TTT in conditions 
with early intonational cues for identification of the target: PRENUCLEAR < VERB < LEXICAL.   
Results and discussion: The results are shown in Fig. 1. We present posterior means and 95% credible 
intervals of relevant comparisons derived from a Bayesian multilevel model, predicting the turn-towards-
target measurement (relative to the acoustic onset of the referent) by condition (VERB, PRENUCLEAR, LEXI-
CAL), experimental BLOCK, and their interaction including the maximal random effect structure justified 
by the design. We find that at the beginning of the experiment, listeners turn faster towards the target in 
the VERB condition compared to both LEXICAL (δ = 278 [194,363]) and PRENUCLEAR (δ = 234 [142,321]) 
condition. There is not sufficient evidence that PRENUCLEAR trials are faster than LEXICAL trials (δ = 44 [-
35,124]). This suggests that listeners use the learned VERB contour to anticipate a given referent right 
away, but do not use the redundant PRENUCLEAR contour to anticipate a contrastive referent at the begin-
ning of the experiment. At the end of the experiment, listeners turn substantially faster to the target for 
both PRENUCLEAR (β = -337 [-157,-500]) and VERB trials (β = -471 [-299,-634]). As Fig. 1 suggests, there 
is much uncertainty associated with listeners’ behavior. Some listeners anticipate the referent based on 
prenuclear information (i.e. presence or absence of prenuclear accent), others do not show any anticipa-
tory behavior whatsoever. Although the population estimates suggest predictive use of the prenuclear re-
gion, this information integration even at the end of the experiment is very conservative and delayed. This 
delay stands in stark contrast to the rapid uptake of nuclear pitch accents [5] and suggests positional 
asymmetries in how listeners integrate different parts of the intonation contour [see also 12]. 
The present study (see also [12]) contributes to our understanding of how listeners integrate complex 
acoustic information within utterances. The data suggest that listeners do not pay equal attention to differ-
ent parts of an intonation contour. Instead, they selectively attend to late cues while being very conserva-
tive when integrating early ones. 



 
 
  
References 

[1] Dahan, D., Tanenhaus, M.K., & Chambers, C.G. (2002). Accent and reference resolution in spoken-language comprehen-
sion. Journal of Memory and Language, 47(2), 292-314. 

[2] Watson, D. G., Tanenhaus, M. K., & Gunlogson, C. A. (2008). Interpreting pitch accents in online comprehension: H* vs. 
L+ H. Cognitive Science, 32(7), 1232–1244. 

[3] Kurumada, C., Brown, M., Bibyk, S., Pontillo, D., & Tanenhaus, M.K. (2014). Is it or isn’t it: Listeners make rapid use of 
prosody to infer speaker meanings. Cognition, 133(2), 335–342.  

[4] Kurumada, C., Brown, M., & Tanenhaus, M. K. (2017). Effects of distributional information on categorization of prosodic 
contours. Psychonomic Bulletin & Review, 1–8. 

[5] Roettger, T. B. & Franke, Michael (2019). Evidential Strength of Intonational Cues and Rational Adaptation to (Un-)Relia-
ble Intonation. Cognitive Science. 43(7), e12745 

[6] Halliday, M.A.K (1967), Intonation and Grammar in British English. Den Haag. 
[7] Calhoun, S. (2010). The centrality of metrical structure in signaling information structure: A probabilistic perspective. Lan-

guage, 86, 1–42.  
[8] Chodroff, E., & Cole, J. (2018). Information Structure, Affect, and Prenuclear Prominence in American English. Proc. In-

terspeech, 1848-1852. 
[9] Bishop, J. (2017). Focus projection and prenuclear accents: Evidence from lexical processing. Language, Cognition and 

Neuroscience, 32(2), 236-253. 
[10] Breen, M., Fedorenko, E., Wagner, M., & Gibson, E. (2010). Acoustic correlates of information structure. Language and 

cognitive processes, 25(7-9), 1044-1098. 
[11] Spivey, M.J., Grosjean, M., & Knoblich, G. (2005). Continuous attraction toward phonological competitors. PNAS, 102, 

10393–10398.  
[12] Roettger, T. B., Franke, M., & Cole, J. (2019). Testing the relevance of prenuclear accents for predicting intonational 

meaning in german. In Proc. ICPhS. 
 

Figure 1 Turn towards target measurement 
relative to acoustic onset of lexical referent (y) 
plotted for each condition for the first and the 
last block of the experiment. Solid points and 
whiskers indicate posterior means and 95% 
Credible Intervals. Semitransparent points and 
grey lines indicate participant averages. 
Dashed lines indicate acoustic landmarks: 0ms 
= acoustic onset of referent; roughly -500ms = 
acoustic onset of pitch accented verb ‘looks’; 
roughly -1300ms = acoustic onset of pitch ac-
cented subject ‘one’. Points between the first 
two dashed lines indicate anticipatory behav-
ior as a response to information on the verb; 
points between the second and the third 
dashed line indicates anticipatory behavior as 
a response to prenuclear information. 
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       Honeybone (2016) argues that a change from an interdental to a labiodental is reasonably well 

attested as a regular endogenous sound change, but the opposite change of a labiodental to an 

interdental is not. As Honeybone reports, the sound change of interdentals to labiodentals has been 

attested in some English varieties but also in some Arabic dialects as an unconditioned change, as 

in southern Anatolian Siirt Arabic where interdentals become labiodentals. Besides the cases in 

Honeybone (2016), Alfaifi & Behnstedt (2010:56) mention that in a Faifi Arabic variety, in 

southwest Saudi Arabia, the interdental emphatic (i.e. pharyngealized) /ðʕ/ can be realized as [f], 

while /θ/ and /ð/ remain unchanged. In this presentation, we provide data that documents 

labiodentalization in a different subvariety of Faifi Arabic and posit a reason for its occurrence. 

       Faifi Arabic (FA), spoken in Saudi Arabia, has 3 phonemic emphatic consonants: /tˤ/, /sˤ/, /ðˤ/, 

the latter of which is cognate to both /ðˤ/ and /dˤ/ of Classical Arabic. The emphatic stop /tˤ/ is 

realized similarly to what is found in other Arabic dialects. The realization of /sˤ/ and /ðˤ/, however, 

are unique and include the allophonic pronunciation of [st] for /sˤ/ (not discussed here) and [θ] and 

[f] for /ðˤ/. The FA emphatic /ðˤ/ is often realized as [ðˤ], but when it is the first consonant of the 

Arabic root it is realized as voiceless [θ]. The voiceless interdental realization only occurs with FA 

words where /ðˤ/ is cognate with Classical Arabic (CA) /ðˤ/. The general observation is that non-

emphatic voiceless [θ] is the realization of /ðˤ/ when the nucleus of the syllable (or following 

syllable) is [i]. If the vowels of the first two syllables are both low, the root-initial emphatic still 

devoices but does not depharyngealize. When /ðˤ/ is not the first root-consonant it is resistant to 

this alternation. Instances of FA root-initial /ðˤ/ that are cognate with CA /dˤ/ are almost always 

obligatorily realized as depharyngealized [f], exactly like the realization of the labiodental 

phoneme /f/. Labiodentalization can be observed in words like CA /dˤabʕ-in/ which is realized as 

[fab.ʕin] ‘a hyena’ in FA. In cases when CA /dˤ/ is not root-initial, the FA reflex is always [ðˤ], 

exemplified by CA /qaadˤ-in/ which is realized in FA as [gaa.ðˤin] ⇏ *[gaa.fin] ‘a judge’. One 

interesting question concerns the source of FA root-initial labiodentalization where [f] is cognate 

with CA *dˤ, a sound that otherwise has the reflex [ðˤ] in FA. Watson & Al Azraqi (2011) note 

that in areas adjacent to where FA is spoken, the pronunciation of historic /dˤ/ is an emphatic lateral 

fricative [ɮˤ]. Given that the emphatic /ðˤ/ undergoes devoicing (and depharyngealization) in FA 

when in root-initial position, we posit that in older FA, historic /dˤ/ was pronounced as [ɮˤ] and 

underwent devoicing transforming it into a voiceless lateral fricative. Because of the perceptual 

similarity between a voiceless lateral fricative and labiodental [f], we posit that listeners heard it 

as the FA phoneme /f/. We conclude by maintaining that the path to labiodentalization in FA does 

not go directly through an interdental stage as is typical but through the misperception of a 

voiceless lateral fricative as labiodental [f], thus providing a new source for labiodentalization. 
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How many targets does [@] have? An altered auditory feedback study
Sarah Bakst and Caroline Niziolek
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We listen to ourselves while we are speaking, comparing our acoustic output with our
internal auditory speech targets. In experiments where speakers hear an altered version of
their speech, they change their well-practiced motor plans so that their altered auditory
feedback is a better match to the intended acoustics (e.g. Houde & Jordan 1998). Speakers
are therefore sensitive to and monitor the phonetic detail in their own productions. Further,
self-monitoring is mediated by phonology: speakers do not respond equally to perturbations
in all vowels (Kothare et al. 2018; Lametti et al. 2018), and responses are greater when
perturbations threaten to push a vowel across a category boundary (Niziolek et al. 2013).

The present study examines whether speakers are sensitive to auditory feedback when
producing [@], which is cross-linguistically described as having a variable target (e.g. van
Bergem 1994). We hypothesized that if schwa has no specific target, then feedback mis-
matches may not drive a change in production.

In this study, speakers (n = 17) produced the words above, abate, beta, adept, meta where
the auditory feedback of F1 was raised 100 mels. Both stressed and unstressed syllables
showed compensatory decreases in F1, with greater (p < 0.0001) levels of adaptation in
unstressed [@] than stressed vowels. However, across different vowels, the magnitude of
adaptation in schwa was dependent on that of the heterosyllabic vowel (Figure 1), consistent
with the idea that schwa is assimilatory. However, preliminary results (n = 11) from a
follow-up study lowering F1 in the same words showed an opposite effect for stress.

The results of the two experiments together suggest that syllable stress itself may not
have a consistent effect on how the speech-motor system assesses the accuracy of phonetic
targets. Additionally, these results support the idea that there are multiple [@] categories
(Flemming & Johnson 2007) with different target F1 spaces, which may explain how the
perturbation direction had different effects on response. Future studies considering words
with multiple stresses (e.g. [ædæp"teiS1n]) may help to understand the specific role of stress
independently from the vowel category [@].
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Figure 1: Post hoc Tukey tests showing comparison of population marginal means for stress
and vowel quality when F1 is (a) raised and (b) lowered. Response in unstressed syllables is
greater when F1 is raised and less when it is lowered



Are	deleted	vowels	really	gone?	Incomplete	vowel	deletion	in	syllable	contraction	
Chenchen	Xu	xuchenc1@msu.edu,	Karthik	Durvasula	durvasul@msu.edu,	Yen-Hwei	Lin	liny@msu.edu	

Michigan	State	University	
Recent	production	and	perception	studies	have	revealed	that	what	seems	to	be	complete	
neutralization	is	in	fact	incomplete.	Phonetic	cues,	such	as	durational	differences,	can	be	
captured	by	both	acoustic	measurements	and	ears	of	the	listeners,	a	famous	example	being	
German	final	obstruent	neutralization	(Port	&	Leary	2005).	This	study	investigates	
incomplete	vowel	deletion	in	syllable	contraction	and	shows	that	the	contracted	vowel	is	
different	from	the	vowel	in	corresponding	lexical	words	in	either	height	or	backness.		

Syllable	contraction	happens	when	two	syllables	merge	into	one,	with	at	least	two	
degrees	of	contraction:	full	contraction	and	partial	contraction	(Myers	&	Li	2009).	Fully	
contracted	di-syllabic	words	seem	to	have	only	one	vocalic	nucleus,	while	partial	
contraction	may	have	two,	e.g.	[jən.	xæn]	à	[jæn]	vs.	[bə.	ŋɛ]	à	[bəɛ]	(Rugao,	Xu	et	al.	
2018).	Crucially,	although	the	fully	contracted	vowels	sound	similar	to	lexical	vowels	to	the	
ears	of	the	transcribers,	subtle	differences	may	be	missing	from	the	impressionistic	
transcriptions.	A	production	experiment	was	run	to	probe	the	formant	information	of	the	
contracted	vowels	and	corresponding	lexical	vowels.		
	 Stimuli.	Contractible	stimuli	were	16	di-syllabic	contractible	words	of	Rugao	with	
[ə]	as	the	first	vowel	and	[a,	æ,	e,	ɛ,	o,	ɔ,	i,	u]	as	the	second	vowel,	e.g.	[jəʔ.	jæn],	[tsəʔ.	jo].	
This	was	to	simplify	the	comparisons	and	to	facilitate	contraction,	as	[ə]	is	most	likely	to	
delete.	Two	different	words	were	used	for	each	vowel	combination	in	the	contraction	task.	
As	a	control	group,	16	lexical	monosyllabic	words	with	the	same	consonants	and	vowel	
nuclei	as	the	contracted	syllables,	e.g.	[jæn],	[ɹa],	and	the	pre-contraction	di-syllabic	forms	
of	the	16	target	words,	e.g.	[jəʔ.	jæn],	[ɹəŋ.ga],	were	elicited	by	a	wordlist	reading	task.		

Participants	&	procedure.	10	native	speakers	of	Rugao	(female,	av.	age	=	31)	were	
recorded	using	PsychoPy	(Peirce	et	al.	2019)	and	Audacity.	After	listening	to	an	
introduction	of	syllable	contraction,	the	participants	were	asked	to	contract	the	di-syllabic	
word	on	the	screen,	presented	one	each	time.	A	wordlist	reading	task	followed	
immediately,	in	which	participants	were	instructed	to	read	the	word	on	the	screen	clearly.	
The	wordlist	was	randomized	and	included	two	randomize	repetitions	of	each	word.			
	 Measurements	&	results.	Only	the	fully	contracted	tokens	in	the	contraction	task	
and	all	the	control	group	tokens	in	the	wordlist	reading	task	were	measured	in	Praat	
(Boersma	2001).	For	each	vowel,	the	F1	and	F2	values	at	the	midpoint	were	measured.	The	
vowel	in	the	contracted	syllable	is	compared	against	a)	the	‘same’	vowel	in	monosyllabic	
words,	and	b)	the	‘same’	vowel	in	the	pre-contraction	form.	The	results	suggest	that,	1)	
contracted	low	vowels	[a,	æ]	have	lower	F1	values,	indicating	raising	(Figure	1).	2)	For	mid	
vowels,	contracted	[ɛ]	is	backed,	shown	by	a	lower	F2,	and	[o,	ɔ]	are	fronted,	with	higher	F2	
values	(Figure	2).	3)	Contracted	[i,	e]	did	not	show	a	significant	difference,	which	is	likely	
due	to	the	high	degree	of	lexicalization	of	the	target	words.			
	 Conclusion	&	implications.	The	results	above	indicate	the	incomplete	deletion	of	
vowel	[ə]	in	syllable	contraction.	The	‘deleted’	[ə]	centralizes	the	undeleted	vowel,	shown	
by	low	vowels	being	raised,	and	front-mid	vowels	being	backed,	and	mid-back	vowels	
being	fronted.	This	is	consistent	with	the	incompleteness	in	other	phonological	processes.	I	
propose	that	this	is	due	to	the	fact	that	the	lexical	distinction	is	not	neutralized	in	the	
phonetics.	Despite	the	similarity	of	the	contracted	vowel	and	the	lexical	vowel,	the	quality	
differences	are	maintained	as	a	resolution	to	the	loss	of	contrast	in	the	output.		
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