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Abstract

This study begins with the observation that sonorant get@énare disfavored in many
phonological systems. Podesva (2002) hypothesizes tphtinological dispreference against
sonorant geminates exists because these geminates dyeeakised with corresponding sin-
gletons. This confusability problem arises because soi®i@e spectrally continuous with
flanking vowels, and consequently their constriction daret are difficult to perceive. We re-
port two perception experiments that test this hypoth&sig. stimuli were non-speech sounds
which mimicked the spectral properties of singleton-getercontrasts in stops, fricatives, and
sonorants. The results of a discrimination and an identificaxperiment show that spectral
continuity in sonorants makes the singleton-geminaténdisbn less distinct. We conclude
that the phonological dispreference against sonorantrges has its roots in the perceptual
imperative to avoid segments that are confusable with cthgments.

1 Introduction

1.1 Theoretical background

Many studies have shown that speech perception plays arsheaping phonological regularities.
For example, studies within the tradition of Adaptive Disgpen Theory (Liljencrants and Lind-
blom, 1972; Lindblom, 1986) show that languages prefeatiptchoose contrastive sound pairs
that are perceptually distinct. For instance, languagaslithve three contrastive vowels have |[a,
i, u] rather thand, i, o], and languages that have five contrastive vowels have [&agj,o] rather
than p, i, A, ¥, 1]. This cross-linguistic observation follows from the priple that speakers deploy
contrastive pairs that are perceptually non-confusalgle ¢sg. Boersma 1998; Diehl et al. 2004;
Engstrand and Krull 1994; Flemming 1995; Padgett 2002; &ctavet al. 1997a,b). The current
study offers a case study within this tradition focusing lo@ perceptibility of singleton-geminate
distinctions.

1.2 Synopsis

This study starts with the observation that many phonobiggstems disfavor sonorant gemi-
nates, at least in inter-sonorantal positions. Podesv@0(Z2002) argues that the dispreference
against sonorant geminates exists because these genareateghly confusable with correspond-
ing singletons. This confusability problem arises becaaswrants are spectrally continuous with
surrounding vowels, and consequently their consonantalidus are difficult to perceive. Since
a singleton-geminate contrast primarily relies on theedéhce in consonantal durations, sonorant
geminates are more confusable with corresponding singgdttan obstruent geminates are with
corresponding singletons. This paper reports two perae@xperiments that test this hypothesis.



The stimuli were non-speech sounds, which mimicked thetsgdgroperties of geminate contrasts
in stops, fricatives, and sonorants. The results show gettgal continuity in sonorants makes the
singleton-geminate distinction both harder to discriner@nd harder to learn. We conclude that
the phonological dispreference against sonorant gensimaggy/ have its roots in the perceptual
imperative to avoid segments that are confusable with ctbgments.

2 The phonological observation

We begin this paper with the observation that many languageisl a singleton-geminate contrast
in sonorants.

2.1 Restrictions on segmental inventories

The first evidence comes from inventory restrictions. In ylanguages with a singleton-geminate
contrast, the contrast is limited to a subset of their inogas. In particular, Podesva (2002)
argues that cross-linguistically, singleton-geminatetiasts are more common for obstruents than
for sonorants. Taylor (1985: 122), based on her cross-iatiguisurvey of geminate inventories,
makes a similar observation: “[s]ince all 28 languagesvehat least one obstruent geminate..., if
a language has at least one geminate sonorant, it will alsmdtdeast one geminate obstruent”.

The claim by Podesva and Taylor was checked against thed>(bhslke, 2007), a database
which contains several thousand sound patterns from mangah0 language'sWe find languages
which are consistent with the claim that sonorant geminateslikely to be missing from the
geminate inventories, as listed in (2) and{3).

(1) Languages in which any manner of consonants can geminate
a. Af Tunni Somali (Tosco, 1997)
b. Arbore (Hayward, 1984)
c. Lama (Ourso, 1989)
d. Tuvaluan (Besnier, 1987)
(2) Languages in which only obstruents can geminate
a. Brahui (Andronov, 1980)
b. Bribri (Constenla, 1981)
c. Ngura (Holmer, 1988)

10ur much thanks to Jeff Mielke for his help.

°There are some exceptions to this generalization as wellexample, in Nangikurrunggurr, the only geminates
are [nn] and [ll] (Hoddinott and Kofod, 1988); in Yir-Yoratie only geminate consonants are rhotics, and one each of
the nasals, glides, and laterals (Alpher, 1991). These plemshow that sonorant geminates are not the only kinds of
geminates that are disprefered, and that the claim by Tég/too strong. See section 3.2 for discussion.
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d. Pech/Paya (Holt, 1999)
e. Nuuchahnulth (Stonham, 1999)
(3) Languages in which some sonorant geminates are missing
a. Japanese (Geminate approximants are missing) (Vangeé) 19
b. Kalenjin (Geminate glides are missing) (Toweett, 1979)
c. Pengo (Rhotics, laterals and glides do not geminateyéBuand Bhattachrya, 1970)
d

. Afar (All consonants appear as geminates, but glide gat@snare fricated) (Bliese,
1981)

2.2 Selayarese gemination blockage

In addition to the inventory restrictions against sonogarminates, there are phonological alter-
nations that actively eliminate or avoid sonorant gemmsaténe example, which was discussed
by Podesva (2000, 2002) in relation to gaps in the gemin&eniories, comes from gemination
blocking in Selayarese. When the prefix¢Aas attached to a root that begins with a voiceless ob-
struent, the prefix-final glottal stop assimilates to théofeing consonant, resulting in a geminate,
as shown in (4) (Mithun and Basri 1986: 243):

(4) Gemination when root-initial consonants are voicetdsstruents
a. /ta-pelar/ — [tappela?] ‘get lost’
b. /taR-tuda/— [tattuda] ‘bump against’
c. Nta-kapula/— [takkalupa] ‘faint’
d. /ta?-sambay/ — [tassambay] ‘stumble, trip’

This gemination fails when root-initial consonants aremants, as in (5) (Mithun and Basri
1986: 244). There are no glides in Selayarese, so we carhehether glides undergo gemination
or not?

(5) Gemination is blocked when root-initial consonantssameorants
a. /t&-muri/ — [ta?muri] ‘smile’
b. /ta?-no?noso/— [ta?no?noso] ‘to be shaken’
c. /tak-yoar/ — [ta?yoar] ‘to yawn’

3Gemination also fails when root-initial consonants aregdistops. The dispreference against voiced stop gem-
inates is well motivated phonetically: stop closure rais@moral airpressure and therefore it is difficult to maint
transglottal airpressure drop to sustain voicing duringtalent closure. This aerodynamic problem is particularly
challenging for geminates because of their long consbridtHayes and Steriade, 2004; Ohala, 1983; Westbury, 1979).
However, this aerodynamic challenge does not explain thgreierence against sonorant geminates, because the air-
way is not significantly occluded in sonorants.



d. /ta?-lesa/ — [ta?lesa)] ‘to be removed’

e.

It&R-rigriy/ — [ta?rigriy] ‘to be walled’

2.3 llokano gemination blockage

Another example of gemination blockage is found in llokaHayes 1989: 270-271). llokano re-
solves hiatus by gliding a first vowel, and this formation gfide causes compensatory lengthening—
or gemination—of the preceding consonant. This geminaironess usually applies to obstruents
as in (6). In the same environment, gemination is marginadlgsible for nasals and [l], as in
(7). Hayes states that gemination of these consonantsianaptpossibly with lexical variation.
Gemination never applies to [r, w, y], as in (8).

(6) Obstruents usually geminate after gliding of vowels

a.
b.
C.
d.

e.

/lito-én/— [luttwén] ‘cook GOAL-FOCUS’

/pag?aso-an/— [pagPassvan] ‘place where dogs are raised’
/kina?apb-an/— [kina?appwan] ‘leadership qualities’

/b&ji-én/ — [baggyén] ‘to have as one’s own’

/pag?até&ke-an/— [pagratékkyan] ‘place where an attack takes place’

(7) Nasals and [I] sporadically geminate

a.

b.

O

/dano-én/— [damweén], ?[danmweén] ‘to be new to something’

/nazalino-an/— [naralinwan], ?[n&alinnwan] ‘to become sensitive’

. Ipag?alin6-an/— [padraligwan], ?[pa@aliggwan] ‘place where boars are found’
d.

/bde-an/— [balyan], ?[bdlyan] ‘to change’

(8) [r, w, y] never geminate

a.
b.
C.
d.

/pagz?éari-an/ — [pagtaryan] ‘place of leadership’
/k& o-an/— [karwan] ‘to intensify’

f?ayo-én/— [?ayweén] ‘cheer-up GOAL-FOCUS’
/bab&vi-en/ — [babavyén] ‘regret GOAL-FOCUS’

2.4 Berber occlusivization

Another type of phonological alternation that avoids sanbigeminates comes from Beber. In
Berber, to derive incomplete forms, medial consonantsineageminates, as shown in (9). How-
ever, when medial consonants are [R] or [w], they becomegtopinates, as in (10) (EImedlaoui
1995: 194-195).

(9) Gemination in incomplete form



Irkr-pl — [nkkr] ‘to get up’

/di- i/ — [1ddi] ‘to pull’

/ngi- i/ — [nggi] ‘to crash into’
Insa-ul — [nssa] ‘to pass the night’
Irel-p/ — [nz4] ‘to spur’

-~ ® 2 0 T @

Inza-u/ — [nzza] ‘to be sold’
(10) Stopping of sonorant geminates
a. /MRa-u/ — [nqqa] ‘to kill
b. /MRa-u/ — [rqga] ‘to get warm’
. Iwl-u/ — [rgg"l] ‘to run away’

(@]

d. /nwa-u/ — [ngg“a] ‘to cook’

[l] becomes a geminate without hardening in this positiog.(gllu] ‘to lose’). The reason for
the difference between [I] and [w] may be that [l] is less sous than [w] (Parker, 2008). This and
the llokano examples in section 2.3 therefore show thaethey be a distinction among sonorant
geminates such that the more sonorous geminates are desflavmre strongly. See section 3.2
for an additional phonetic problem of rhotic geminates,clihinay explain why Berber disfavors
[RR] more than [lI].

2.5 Japanese nasal insertion

Two more examples of phonological patterns that avoid (3@oeorant geminates come from
Japanese. Japanese has geminates of voiceless obstnebnisals ([katta] ‘bought,’ [sassuru]
‘guess, [sonna] ‘such’), but lacks approximant gemindtem the inventory. One phonological
process actively avoids creating them.

Japanese has many onomatopoetic, mimetic forms, whos&duns primarily sound sym-
bolic (Hamano, 1986). Many mimetic roots have the CVCV shapéd often appear reduplicated.
The suffix /-ri/ can attach to a bare mimetic root, and can e@enination of root-final conso-
nants, as in (11). When the root-final consonants are glaearchiphonemic nasal/is inserted
instead of gemination, as in (12) (Kuroda 1965: 201-Z08Yhen the root-final consonant is [r],
neither gemination nor nasal insertion occurs, as in (1B fMasal insertion in (12) and blockage
of gemination in (13) show that Japanese actively avoidaticrg approximant geminates. The
example in (13) in addition shows that Japanese avoids|agquence as well.

(11) /-ri/ causes gemination of root-final consonants

“4In pre-continuant position, this archiphonemic nasal isnghically realized asif], a nasalized long high back
unrounded approximant (Vance 2008: pp. 96-99).



a. /baa-u-ril — [battari] cf. [bata-bata] ‘accidentally’
b. /pdka-u-ril — [pokkari] cf. [poka-poka] ‘absent-mindedly’
(12) Nasal insertion occurs instead of gemination of glides
a. /hwa-u-ri/ — [hunwari] cf. [huwa-huwa] ‘fluffy’
b. /boya-u-ri/ — [boNyari] cf. [boya-boya] 'spacing out’
(13) Neither gemination nor nasal insertion occurs wheriitta¢ consonant is [r]
a. /kira-u-ri/ — [Kirari] cf. [kira-kira] ‘shining’
b. /hira-u-ri/ — [hirari] cf. [hira-hira] ‘flying’

2.6 Japanese gemination flopping

Another phonological process from Japanese shows thdatigsiage avoids creating nasal gem-
inates as well. The evidence is again observed in the phgpabmimetic forms. Nasu (1999)
points out that given reduplicated \@C,V-C3VC,V forms, to create their emphatic forms, Japanese
speakers predominantly geminate the second consonanttwa@onsonant is a stop, as in (14)
(Kawahara, 2006; Nasu, 1999). However, whensCa nasal and £is a stop, speakers prefer to
target G, as in (15).

Kawahara (2007a) has shown this dispreference againdimgyesasal geminates using an
audio-based, forced-choice wug-test. In this testw@s fixed as [p] or [k], and Cwas system-
atically varied among stops, fricatives and nasals (8 itparseach ¢€* C3 combination). When
asked to create emphatic forms of nonce mimetic words, wheis @ stop, Japanese speakers
chose G-gemination about 80% of the time, supporting the prefezen¢14). However, when £
is a nhasal and gis a stop, they chose,&emination only about 35% of the time and instead resort
to C;-gemination, as schematized in (15).

(14) Emphatic forms via gemination o@vhen G is a stop
a. /pda-patan/ — [pattapata] ‘running’
b. /pika-pikau/ — [pikkapika] ‘shining’
(15) When G is a nasal and Cis a stop, speakers prefeg-Gemination
a. /kano-kanou/ — [kandkkano] (nonce word)
b. /kina-kinas:/ — [kinakkina] (nonce word)

2.7 Asummary

To summarize, many languages lack sonorant geminates fieimnitiventory (Podesva, 2002).
Moreover, not only are sonorant geminates likely to be gapghke inventories, they are also re-
solved by a variety of phonological processes: geminationkage in Salayarese and llokano,
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stopping in Berber, nasal insertion in Japanese, and géonndopping in Japanese. A ques-
tion that arises is, why do so many languages avoid sonoemimgtes? The rest of this paper
addresses this question.

3 The phonetic grounding of the dispreference against sono-
rant geminates

3.1 The hypothesis

Podesva (2002) proposes that sonorant geminates arefdrspdebecause they are perceptually
confusable with corresponding singletons. The logic ggdsléows: sonorants have blurry transi-
tions into and out of flanking vowels, because sonorantsaaetsally continuous with surrounding
vowels. (By “spectrally continuous”, we mean “continuatiaf periodic energy into and out of sur-
rounding intervals”, which would exclude fricatives). stthus hard to pin down where sonorants
begin and where they end (Turk et al., 2006). As a resultr trwistriction durations are hard to
perceive. Since a difference in constriction durationes®s a primary cue for singleton-geminate
contrasts (e.g. Engstrand and Krull 1994; Esposito and DieBetto 1999; Hankamer et al. 1989;
Ham 2001; Idemaru and Guion 2008; Kingston et al. 2009; Knafann 2003; Lahiri and Han-
kamer 1988; Rochet and Rochet 1995), singleton-geminatidiions are hard to distinguish for
sonorants.

For the sake of illustration, we provide waveforms of reagton-geminate contrasts in stops
and glides from Egyptian Arabic in Figure 1 and 2. Kawahaf@0{) recorded several types of
geminates in Arabic in the word frame [haC(C)ag], which dremance words. We observe that
while stops have clear boundaries with the surrounding \&wédes have very blurry boundaries.
It is therefore difficult to know where the glides begin andendthey end. Then, it is expected
that the constriction durations are harder to accuratalygdee for sonorants than for obstruents.

Besides the acoustic blurriness of segmental boundariesrafrants, another factor that may
work against the accurate perception of duration of sonsrenthat changes in amplitudes—
or changes in perceived loudness—facilitate the detedisegmental boundaries (Kato et al.,
1997). Because sonorantal boundaries with spectral aotytimvolve less amplitude/loudness
changes than obstruent boundaries (Kawahara, 2007b)asuadave yet another disadvantage in
signaling their boundaries.

As summarized here, Podesva (2002) offers an interestohglansible story about the ground-
ing of the dispreference against sonorant geminates. Haweg perception experiments are re-
ported to test this hypothesis. Partly to address this probKawahara (2007b) created continua
from geminates to singletons for each type of geminates abisy and presented them to Arabic
speakers for an identification task. The results show tteaidéntification functions were steeper
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Figure 1: Arabic [t]-[tt] pair. Figure 2: Arabic [y]-[yy] pair.



for obstruents than for sonorants—more of the continuumaomeasistently categorized for obstru-
ents than for sonorants. However, the relationship betweesteepness of identification functions
and the distinctiveness of singleton-geminate contrasts dot seem straightforward to interpret.
Moreover, the experiment used speech sounds of Arabicraalsand Arabic listeners as partic-
ipants. Therefore, the effect of factors other than sopefrguch as lexical frequencies of each
type of geminates or transitional probabilities from piing consonant to each of singletons and
geminates—remained unclear, and possibly worked as codfou

This paper therefore builds on Kawahara (2007b) and reparxisnon-speech experiments,
which more directly test the relative non-distinctivenegsingleton-geminate contrasts in sono-
rants. To control for phonetic factors other than spectoaltiouity, we made use of non-speech
sounds that mimicked singleton-geminate contrasts irmoésts and sonorants.

3.2 Some caveats

A few remarks are in order before we proceed to the descrnifamur experiments, first on our
theoretical context. Podesva’s general idea is couchddmtite general framework of Adaptive
Dispersion Theory (Liljencrants and Lindblom, 1972; Lihalin, 1986), which is incorporated into
generative phonology (Boersma, 1998; Flemming, 1995; &4dp002) via Optimality Theory
(Prince and Smolensky, 2004). Within this framework sonbeingleton-geminate pairs can be
marked because they are not perceptually distinct. In tiesry, it is the singleton-geminate
contrasts in sonorants, not the sonorant gemirzgese that are marked; see the references cited
above for formal implementations of this idea. Our aim iss&t the assumption behind Podesva’s
(2002) hypothesis—the non-distinctiveness of sonorarglsion-geminate pairs—but we do not
commit ourselves to any particular theoretical implemeaiteof this idea.

Second, Podesva’s (2002) hypothesis concerns the peatg@otilem of sonorant geminates
in intervocalic or inter-sonorantal positions. Since ngehinates in the world’s languages appear
in such positions (Ladefoged and Maddieson 1996: °9@5 hypothesis applies to most cases
of geminates. In most of the cases we discussed in sectiovoRlaace of sonorant geminates
occurs in inter-vocalic positions; in Berber, it occurs imer-sonorantal positions. We should
bear in mind, however, that there are cases in which gensirasgdpear at word-edges (e.g. Leti:
Hume et al. 1997). Since geminate contrasts at word-edfyesmenon-durational cues (as well
as durational cues) (Abramson, 1991, 1999; Muller, 200¥),da@ not commit ourselves to the
perceptibility differences of singleton-geminate costsan such positions.

Third, we also observe that some languages avoid a subsehofat geminates, and the dis-

5This positional restriction on geminates holds in Benddétkamer et al., 1989), Fula (Paradis, 1992), Japanese
(at the lexical level) (Vance, 1987), Koya (Sherer, 1994) @uarkish (Hankamer et al., 1989), among others. In Swiss
German an underlying singleton-geminate distinction atdaexges is maintained only in inter-sonorantal environ-
ments (Krahenmann, 2003).
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preference seems stronger for more sonorant consonamsBeber and llokano). This tendency
is also observed in the inventory restrictions we discugs€sl), although we do find a counterex-
ample in the P-base, e.g., Sema which allows /ww/ and /ll/naitnasal geminates (Sreedhar,
1980). In this paper we will set aside further distinctiongoag sonorant geminates, and focus on
the difference between sonorants and obstruents, whilegibiat Podesva’s hypothesis does offer
an explanation. The more sonorous a consonant is, thedatine boundaries, and consequently
the harder it is to perceive the constriction duration.

Finally, we do not assume that the confusability problemvieen singletons and geminates is
the only source of the avoidance of sonorant geminates.¥éongle, given intervocalic geminate
glides (e.g. [iyyi]), it is conceivable that the first parttbE geminate can be confused as a part of
a preceding (long) vowel. Also concerning rhotic geminatesould be impossible to prolong the
duration of a tap or a flap, and they would instead have to tuond trill in order to become a gem-
inate while keeping its rhoticity. However, a trill requsra very precise articulatory coordination
(Ladefoged and Maddieson, 1996; Solé, 2002). In shortdigtinctiveness of singleton-geminate
pairs is not the only phonetic problem for sonorant gemmate

Neither do we assume that sonorant geminates are the only &frgeminates that are avoided
for a phonetic reason. For example, voiced obstruents gagsrare known to be avoided in many
languages because it is difficult to maintain voicing dubgtruents for a long stretch of time for
an aerodynamic reason (Hayes and Steriade 2004; Ohala W@88yury 1979, see also footnote
3)°

To summarize then, the focus of this paper is on sonorantrgeges in inter-sonorantal—or
intervocalic in most cases—positions, which are spegt@htinuous with surrounding environ-
ments. The observation is that some phonological systenid auch geminates, and the hypothe-
sis is that at least a part of the reason why such geminatesaided is because their constriction
duration is hard to perceive. The following two experiments this hypothesis.

4 Experiment I: Discrimination experiment

4.1 Introduction

This experiment aimed to test whether sonorantal speatrdlraity makes a short-long pair dif-
ficult to distinguish. The stimuli were non-speech analegmémicking singleton-geminate pairs
of stops, fricatives, and sonorants. We used non-speaunlulsgo as to control for acoustic pa-
rameters other than spectral continuity, such as precemwgl duration, intensity of surrounding
vowels, and, most importantly, duration of consonant wakrthemselves. In experiments using

81t may as well be the case that spectral continuity in low fiestpy range in voiced stops makes the perception
of duration harder for voiced stops than for voiceless stoswever, we set this hypothesis aside, because the
aerodynamic challenge of voiced stops geminates is widb#éshed.
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real speech, on the other hand, it is difficult to control fog tluration of consonant intervals be-
cause the duration of glides is difficult to measure, for eeasstated in section 3 (see also Turk
et al. 2006). By using non-speech sounds as the stimuli, seealoided perceptual bias effects,
such as lexical bias (Ganong, 1980), lexical frequency {@asnine et al., 1993) or transitional

probability bias (McQueen and Pitt, 1996).

4.2 Method
4.2.1 Stimuli

The three conditions were non-speech analogues of stogetj\fes, and sonorants. The first two
conditions were baselines and the third condition is thgetarAll the stimuli had VCV structure
in which the duration of C was varied.

To create non-speech analogues of vowels, we used anharmomiplexes of sine waves
(Kingston et al., 2009). They consist of 50 sine waves rapdiom 100Hz to 16kHz and sep-
arated by equal natural log intervals. The amplitude of esich wave negatively correlated with
its frequency. More specifically, for each sine wave compayrits amplitude ratio to the base sine
wave was:1/(2 x Component Number® — 1) (i.e. 1/3, 1/9, 1/19, etc.). The peak amplitude of the
anharmonic complexes was set to 0.8 by Praat (Boersma, Bo@isma and Weenink, 2011).

For consonant intervals, we used the acoustic intervatsnimaicked the acoustic properties
of stops, fricatives and sonorants; i.e., silence for stogste noise filtered between 2kHz and
22kHz for fricatives, and the same interval as the vocalieriral with half of its peak energy for
sonorants. Figure 3 and Figure 4 illustrate the parallete/éen the non-speech stimuli and the
corresponding speech forms. To create short-long pairseiviie duration of the short consonants
to 100ms and that of long consonants to 150ms. These twosraleiee chosen because the short-
long contrasts based on these values were neither too etmy difficult to discriminate in a pilot
study. The vocalic intervals were set to be 100ms. For theridignation experiment, two VCV
sequences were concatenated with 400ms ISI.

4.2.2 Procedure

The task was a same-different discrimination experimene piépared four pairs of combina-
tions of S(hort) and L(ong) stimuli—SS (same), LL (same), lfferent), LS (different)—for
each condition. Participants went through all the stimak@in the practice block while receiv-
ing feedback. An experimenter stayed with the participaotsng the practice run so that if the
participants had remaining questions, they could be arever

The main session presented 25 repetitions of all the stjriuls a total of 300 pairs (25 rep-
etitions * 4 same-different pairs * 3 conditions). The pagants kept receiving feedback during
the main session in the form of the correct answer (i.e. Saréfierent). Superlab (ver 4.0) was
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Figure 3: The stimuli. Top=stop; mid- Figure 4: Corresponding speech forms (in
dle=fricative; bottom=nasal. Arabic).
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used to present the stimuli and feedback. The order of thritwas randomized. All the partici-
pants wore high quality headphones (Sennheiser HD 280&hd)egistered their responses using
an RB-730 response box (Cedrus). The experiment took ptegesound-attenuated laboratory at
Rutgers University.

4.2.3 Participants

Twenty-five native speakers of English participated in #xperiment. They received (extra)
course credit for their classes. English does not have etimggeminate contrasts, so their na-
tive language knowledge should not make one particularlesig-geminate contrast easier to
discriminate than the other contrasts.

4.2.4 Analysis

We used?’-values as a measure of discriminatbility. Given the rovimzde of the experiment in
which different types of pairs were presented in one sessierassumed a differentiating mode
of discrimination (Macmillan and Creelman 2005: 221-22%)-values were calculated using
psyphy package (Knoblauch, 2009) of R (R Development Core Team]120th a few cases,
hit rates were lower than false alarm rates. In that case sunaed that thd'-value is zero. Two
listeners showed lower hit rates than false alarm rates anowt of three conditions, so their data
was excludedd’-values across three conditions were compared using anastibject t-test. The
alpha level was Bonferroni-adjusted according to the nurabeomparisons (.05/3=.017).

4.3 Result

Figure 5 illustrates the results of the discrimination ekpent. Each scatterplot comparé’s
values in two different conditions. Each point within a $egilot shows a pair of’-values for
each participant. Any point that is to the left of the diagosrds shows that the listener had a
higher d’-value for the condition represented in the y-axis; any pthat is to the right of the
diagonal axis shows that the listener showed a highealue for the condition that is represented
in the x-axis.

We observe that in the stop-fricative comparisons, sonenés showed highéf-values in the
stop condition while others showed the opposite pattere.stbp condition and the fricative condi-
tion thus did not differ significantly (the averages: stofpvs. fricative 2.25¢(22) = 1.95, n.s.).

In the other two panels, we observe that most, if not allefists showed lowet'-values in
the sonorant condition than in the stop or the fricative domuks (the average for the sono-
rant condition=1.38). Statistically, the sonorant coioditwas different from the stop condition
(t(22) = 5.71,p < .001), and the fricative condition(22) = 3.56, p < .01).
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Figure 5: The distributions af’-values in each condition in the discrimination experiment

4.4 Discussion

The result shows that sonorantal spectral continuity doasenthe short-long pair less discrim-
inable. This result supports Podesva’s (2002) hypothkatssbnorantal spectral continuity makes
the duration of the consonantal intervals hard to distisiguand hence make the short-long pair
harder to discriminate.

Admittedly we cannot prove the causality relationship kestw the low discriminability of
a durational contrast of spectrally continuous intervaid ¢he fact that many languages avoid
sonorant geminates. However, the experiment does showothaation between the two observa-
tions. It therefore seems reasonable to speculate thavtidesmce of sonorant geminates in some
phonological systems may have its root in the discriminiigtpproblem of the singleton-geminate
contrasts.

5 Experiment Il Identification experiment

5.1 Introduction

The previous discrimination experiment shows that it isliardistinguish a short-long pair when
the consonant interval is spectrally continuous with sumcbng vocalic intervals. In the sec-
ond experiment, we followed up on this result with an idecdifion experiment, which addressed
whether spectral continuity makes it hard to learn the saod long category. Although a dis-
crimination experiment has an advantage for experimeitaigipants in that they do not need to
learn two categories, an identification experiment may ateuhe language acquisition situation
more closely. During the course of acquisition, languageners need to learn the short and long
categories based on tokens presented in isolation.
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5.2 Method
5.2.1 Stimuli and procedure

For the identification experiment, we used the same setralifitas the discrimination experiment.

Listeners learned two categories in the practice phasewanel tested on how well they learned
each category in three different conditions. Listenersewet told that the two categories were
based on durational differences; instead the short categas labeled as A and the long category
was labeled as B.

Since a pilot experiment showed that it is difficult to ledne two categories for three types of
non-speech sounds at the same time, each type of stimydj {stative, and sonorant) was blocked
into small, separate sessions, each with its own practiasgoand testing phase. We expected that
the order of learning these three categories might influehee performance. Therefore, the
order of the presentation of the three blocks was contrdiled Latin Square design. Group 1
went through the experiments in the order of stop, fricat@rel sonorant; Group 2 in the order of
fricative, sonorant, and stop; Group 3 in the order of sompiEop, fricative.

The practice session consisted of three phases. The firse ph@sented five repetitions of A-B
chains, followed by five repetitions of B-A chains. The setphase presented five repetitions of
Ain isolation and five repetitions of B in isolation. In thedirpractice phase, the participants were
tested on 15 tokens of each with feedback. A main sessiomic@uat 60 tokens of each of the short
and long stimuli. The order of stimuli was randomized durihg main sessions. We provided
feedback in the main session as well, because a pilot expetimithout feedback resulted in
performances near chance.

As with the discrimination experiment, Superlab (ver 4.@swsed to present the stimuli and
feedback. All the participants wore high quality headplsof&ennheiser HD 280 Pro), and reg-
istered their responses using an RB-730 response box (§edrbe experiment took place in a
sound-attenuated laboratory at Rutgers University.

5.2.2 Participants

Eight native English speakers participated in each Latue®egjorder (a total of twenty-four speak-
ers.). They all received extra credit for their class. Themo overlap between the participants of
Experiment | and those of Experiment II.

5.2.3 Analysis

As with the discrimination experiment, we uséevalue as a measure of sensitivity. Three listeners
showed a negativé’-value in one of the three conditions; these values werecepl by 0. One
listener showed negativé-values for two out of the three conditions, and this persalata was
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therefore thrown out. Another listener was run to compengatthe gap.
d’-values in three conditions were compared using a withbjexi t-tests. Since the predictions
were clear from the results of the previous experiment, khiesalevel was not adjusted.

5.3 Results

Figure 6 illustrates the distribution af-value for each listener in the identification experiment.

Fricative
Sonorant
Sonorant

Stop Stop Fricative

Figure 6: The distributions af'-values in each condition in the identification experiment

As with the discrimination results, listeners differed ihether the stop contrast or the fricative
contrast was more perceptible (the averages: stop=1.68iwative: 1.84;¢(23) = —0.73, n.s.).
On the other handj’-values for the sonorant condition were generally lowenttiese for the
stop condition{(23) = 3.29, p < .01) or those for the fricative conditiort(23) = 2.68,p < .05)
(the average for the sonorant condition=1.10). In term$efarder effect, the averagévalues
increase in successive blocks (1st block: 1.35; 2nd block7;13rd block: 1.71), although this
correlation did not reach significance € .14, n.s.).

5.4 Discussion

The results show that the short and long categories are @gnkarder to learn for the sonorant
condition than the obstruent conditions. There was onerleatwho showed a very higltvalue

in the sonorant condition (2.61) compared to the stop (1o08)e fricative condition (0.09). This
listener took the sonorant condition in the third block;réfere, it may be that this listener got used
to identifying non-speech stimuli after the first two blockall other listeners showed &-value
for the sonorant condition that is lower than or comparabldnéd’ values for the other two con-
ditions. These results show that a duration contrast theestrally continuous with surrounding

’Recall that the order effect did not reach statistical sigance. Therefore, this learning effect must have been
strong specifically for this participant.
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intervals is harder to learn than contrasts that are splgatiat continuous.

6 General discussion

6.1 Summary

The first contribution of this paper is phonological: we hat®wn that many languages avoid
sonorant geminates. Not only do we observe inventory gapdedva, 2002), we also observe that
various phonological patterns actively eliminate sonbgaminates: gemination blockage in Se-
layarese (Podesva, 2000) and llokano (Hayes, 1989), stgjppBerber (Elmedlaoui, 1995), nasal
insertion in Japanese (Kuroda, 1965), gemination floppintapanese (Kawahara, 2007a). These
observations show that languages avoid making geminategast® in sonorants; i.e. sonorant
geminates are crosslinguistically marked.

Second, the current experiments show that a duration tiiyat relies on consonant intervals
that are spectrally continuous with surrounding voweloihlifficult to discriminate (Experiment
1) and difficult to learn (Experiment Il). Taken together withe phonological observation just
summarized above, these results support the hypothesiphtbaological dispreference against
sonorant geminates has its roots in the confusability ajleton-geminate contrasts in sonorant
consonants.

6.2 Further implications

To the extent that this correlation holds, the current swifflsrs some insight into how phonetics
and phonology interact. First of all, the results suppoetttiesis that languages avoid contrasts
that are not well perceived, as proposed by Adaptive DispeiEheory as well as by its Optimality
Theoretic version (Boersma 1998; Diehl et al. 2004; Engstiend Krull 1994; Flemming 1995;
Liliencrants and Lindblom 1972; Lindblom 1986; Padgett 208chwartz et al. 1997a,b).

Second, the results show that the structure [A] can be mdrkeduse [A] is confusable with
[B], but it is not necessarily the case that [A] becomes [B]pther words, the phonetic problem
presented by [A] is independent of how itis resolved in pHogyp (Boersma, 2005; Dinnsen, 1980;
Kawahara, 2006; Keating, 1985). For example, Berber tuom®mmnt geminates into stops, as
shown in (10). Japanese speakers avoid creating nasal gesinhey they make emphatic forms,
and seek for another locus for gemination, as in (15). Tleegfphonetics may determine what
is avoided in phonology, but the phonetic problem of a phogickl structure may not determine
how it is resolved in phonology.
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