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ABSTRACT

Misperception or perceptual confusion has been pro-
posed as one of the leading causes of sound change.
The present study investigates its role in the cross-
linguistically common sound changes of rhoticisa-
tion (lateral to rhotic) and lambdacisation (rhotic
to lateral). To this end, allophonic variants of the
phonemes /I/ and /r/ in non-words were presented to
native Greek listeners in an identification task. Re-
sults suggest that duration, but not spectral quality,
influences the confusion of /I/ with /r/: Shorter lat-
erals are more readily heard as rhotics than longer
laterals. Among the variants of /t/, the approximant
rhotic was most often confused with /l/, whereas
the trill was most resistant to misperception. This
study underlines the importance of taking into ac-
count sub-phonemic variation in the investigation of
sound changes involving the liquids /I/ and /1/.

Keywords: speech perception, rhotics, laterals,
sound change, Greek

1. INTRODUCTION

Sound changes by which laterals become rhotics and
rhotics become laterals have occurred in the histor-
ical development of a large number of languages,
such as Modern Greek ([52]), Danish ([40]), Old
Bearnés (Occitan) ([93]), Alguerese Catalan ([88]),
Albanian ([57]), or Atikamek Cree ([59]). Table 1
shows examples from these and other languages.

Articulation-centred approaches to sound change
have explained the rhoticisation of laterals, espe-
cially to the alveolar tap rhotic, as the result of ar-
ticulatory weakening whereby the tongue tip fails to
achieve a firm central closure ([80, 28, 84, 86, 85,
63]); conversely, lambdacisation of a rhotic alveolar
tap is seen as an instance of strenghtening or stiffen-
ing of the tongue tip gesture ([85, 63]).

In the listener-oriented approach to sound change,
on the other hand, misperception is proposed as the
main mechanism behind rhoticisation and lambdaci-
sation ([55, 56]): When two sounds belonging to con-
trasting categories bear nevertheless acoustic similar-

ity, listeners may happen to be confused and fail to
recover the category intended by the speaker. If such
errors go unnoticed, the perceptual confusion might
set the seed for long-term sound change. While it
is unclear whether such articulatory changes are a
consequence of, or a prerequisite for, sound change
via perceptual hypocorrection or confusion ([55, 56]),
these approaches do not account for the acoustic
characteristics of those lateral and rhotic variants or
allophones that enable perceptual confusion in the
first place.

Which acoustic characteristics are thus likely to
play a role in perceptual confusion between rhotics
and laterals and subsequent sound change? A promi-
nent cue to the distinction between a lateral and, for
instance, the alveolar tap is the duration of the inten-
sity reduction in the spectrum with respect to the in-
tensity level of the surrounding vowels, caused by
a movement of the tongue tip toward the alveolar
ridge. In a perception experiment investigating the
perceptual confusion of laterals and rhotics in Greek,
Miiller ([49]) found that if laterals were shortened to
an extent that their duration was only slightly longer
than that of the tongue tip constriction duration of
an alveolar rhotic tap, they could be misheard as
a rhotic (lateral rhoticisation). Likewise, Romero
and Martin ([77]) obtained similar findings in a task
involving a choice between an alveolar tap and an
alveolar fricative: listeners perceived more taps the
shorter the alveolar fricative was (sibilant rhoticisa-
tion). Conversely, in Miiller’s ([49]) study, an alveo-
lar rhotic with lengthened tongue tip constriction du-
ration (termed in the present investigation “approx-
imant rhotic”) had a tendency to be perceived as a
lateral.

Such experimental findings coincide with obser-
vations from dialectal variation: In the Italian va-
rieties of Lucca and Elba, as well as in the di-
alects of Southern Lazio and Campania including
Naples, rhoticisation of a lateral occurs only in the
last syllable of proparoxyton words, i.e. in a weak
prosodic position where segmental shortening is ex-
pected ([45, 75, 74])-

The duration of intensity reduction in the spec-
trum, however, may not be the only cue to perceptual



Table 1: Confusion of laterals and rhotics cross-linguistically.

word form | etymon or variant form English gloss language source
Holeby Horeby (attested 1398) place name Danish [40]
murmuron | murmulon to murmur Old High German [58]
rever Middle Low German rével | narrow strip of land Low German (Hamburg- | [54]
Harburg variety)
ammel New High German Eimer | bucket Low German (Hamburg- | [54]
Harburg variety)
peregrinus | pelegrinus pilgrim Late Latin [80]
crauste claustrum cloister Old Bearnés (Occitan) [93]
countrali | Latin contrarium contrary Occitan (Nontron, Dordogne va- | [93]
riety)
coutrdle Latin contrarium contrary French (Prouvy, Nord variety) [93]
‘ori Latin oleum oil Alguerese Catalan [88]
‘molt Latin mortuum dead (masc.) Alguerese Catalan [88]
purpu Latin polypum octopus Sicilian [93]
montigru Latin monticulum hill Sardinian (Logudorese variety) | [93]
dérgoj Latin delego to send Albanian [57]
kulshedér | Latin chersydrum dragon with many heads | Albanian [57]
kir ki:lawa thou Atikamek Cree [59]
lopa ropa two Hidatsa (Siouan) [30]
longwe rongwe he is a man Mohawk (Iroquoian) [30]

confusion among rhotics and laterals. A further po-
tential cue for the rhoticisation of laterals is their de-
gree of darkness. The darkness-clearness-continuum
is commonly correlated with the distance between
the second and the first formant in the lateral: A large
distance between these two formants will cause lis-
teners to perceive a clear lateral, whereas a small dis-
tance will be heard as dark ([50]: 21—23 for a litera-
ture overview).

In fact, dialectological observations from Ro-
mance varieties suggest that darker varieties of lat-
erals are more prone to develop into an alveolar tap
during sound change ([2, 45, 50] for Occitan, [92, 20]
for Sardinian, [22, 34, 45] for Portuguese, [81] for
Italian). For instance, Provengal-Alpin and Auvern-
hat varieties of Occitan, in which laterals rhoticised,
are spoken next to varieties with dark laterals in
all syllable positions, and a similar observation is
made by Schiirr ([81]) for Italian varieties. Moreover,
when the laterals rhoticised in the Auvernhat vari-
eties of Occitan between the 16™ and 18™ centuries,
only the lateral stemming from the Latin singleton
was affected, despite the fact that shortening of the
Latin geminate lateral to a singleton had been com-
pleted by the 10" century. Apparently, however, the
shortened former geminate lateral continued to main-
tain its clear quality, and the dialect seems to have

continued the former quantity (singleton vs. gem-
inate) contrast as a quality (dark vs. clear) con-
trast ([48, 87, 15, 50]). If this reconstruction is cor-
rect, only the dark lateral underwent rhoticisation,
while the clear lateral was maintained as such. In
Italian dialects, rhoticisation in preconsonantal po-
sition is often restricted to cases where a labial or
a velar consonant follows, whereas /l/-vocalisation
took place before alveolars ([34]), thus suggesting a
dark quality of the lateral in preconsonantal position
in these dialects. In the case of Portuguese, Brazil-
ian Portuguese is well-known for having pervasive
/l/-vocalisation in preconsonantal position, but the
Caipira dialect of Brazilian Portuguese has rhotici-
sation instead ([22]). Similarly to these Romance di-
alects, a women’s variety of Southern Kurdish shows
rhoticisation only of the dark lateral, but not of the
phonemically distinct clear lateral ([43]), and in Al-
banian, where dark and clear laterals also contrast
phonemically, cases of sporadic rhoticisation of the
dark lateral can be found in dialectal variation ([57]).
Finally, the outcome of the lambdacisation of the
preconsonantal rhotic (before alveolar voiced stops
only, however) in the Sardinian varieties of the vil-
lages of Villanova Tulo and nearby Nurri is a dark
lateral ([92, 20]).

Examples of clear laterals developing into a rhotic,




specifically into a rhotic tap, nevertheless exist and
constitute potential counterexamples to the idea that
dark laterals undergo rhoticisation more readily. The
Catalan variety spoken in L’Alguer (Sardinia) has
clear laterals ([69]) and also historical rhoticisation
of laterals ([88]); in this case, however, it cannot
be ruled out that the clear laterals of contemporary
Alguerese are a recent development due to increased
contact with Standard Italian, which has clear later-
als. Further examples of rhoticisation of clear later-
als are attested in loanwords of Standard Italian ori-
gin in French and in Italian dialects ([34, 45, 75]) as
well as in loanwords of Standard French origin in Oc-
citan dialects ([79, 78, 86, 15, 85]).

When discussing acoustic cues to the lateral-rhotic
distinction, it is necessary to bear in mind that the
sound class described as rhotics contains a large va-
riety of sounds, and that it is impossible to speak of
the rhotic. The present study focuses on the alve-
olar tap as the most representative rhotic sound in
the languages used here to exemplify liquid confu-
sion. This is why less consideration is given to a cue
that has been shown to contribute to the lateral-rhotic
distinction in English, namely, the third formant. In
many English accents, the height of F3 distinguishes
between a retroflex approximant rhotic, and a lat-
eral, often a generally dark lateral (see, e.g., [60]).
Given the tongue tip retroflexion present in the En-
glish approximant rhotic, it is unclear whether the
lowering of F3 in the rhotic as opposed to the lateral
is truly indicative of thoticity in a more general sense
—i.e., whether this cue is transferable to other rhotic
types such as taps and trills — or whether this is sim-
ply the cue for retroflexivity, which is well-known
to involve a lowering of F3 caused by the curling-
back movement of the tongue tip and the concomi-
tant widening of the sublingual cavity ([83, 82, 31]).

Since the majority of laterals are alveolar or dental-
alveolar, with darker laterals having a more ad-
vanced place of articulation ([32, 84, 13, 14, 42, 27, 85,
71, 72, 16, 37, 73, 94, 70, 67, 68, 63, 50]), this study
is concerned with a subset of rhotic sounds that are
also alveolar or dental-alveolar. Therefore, neither
the English-type retroflex approximant nor the uvu-
lar fricative of German or French will be taken into
consideration here.

In Greek, laterals and rhotics are clearly contrast-
ing phonemes, as shown already by Ancient Greek
minimal pairs such as xoiwvdg (Chill’, noun) vs.
rxopwvog (Ccurved, crooked’, adjective) ([39]). Nev-
ertheless, Meyer ([44]), Bechtel ([8]), as well as the
Greek-English lexicon of Liddell, Scott, and Jones
([39]) offer a number of examples for lateral-rhotic
confusion from Ancient Greek. Some of these ex-

amples are shown in Table 2. The pronunciation of
/t/ as a lateral even acquired fame as Alcibiades (ca.
450—404 BCE) and Demosthenes (382—322 BCE),
the Athenian statesmen, were said to be unable to dis-
tinguish /1/ and // in their speech, pronouncing them
both as /1/, and this speech defect, as it was referred
to, was even seen as a sign of sophisticatedness and
elegance ([61, 62, 18, 65]).

In most Modern Greek dialects, historical rhoti-
cisation, particularly of preconsonantal laterals, can
be found ([52]; examples are given in Table 3).
The standard Modern Greek language, however, is
strongly influenced by the written form of Ancient
Greek, and hardly contains any of these dialectal
rhoticised forms. In the speech of most speakers, and
certainly of all speakers in urban areas, the original
forms with a lateral are thus present alongside the
more dialectal rhoticised ones and may be used in-
terchangeably ([52]).

The lateral in standard Modern Greek is clear, but
several dialects (the Northern dialect group includ-
ing the urban accent of the country’s second-largest
city, Thessaloniki, and areas of Western Crete) have
a dark lateral before low and back vowels ([35]).
Lacking phonetic descriptions of the Greek language
from historical times, it is difficult to evaluate the
degree of darkness of the lateral in the different vari-
eties when the rhoticisation processes first set in.

The prevalent variant of the Modern Greek rhotic
is an alveolar tap in all syllable positions, although
in emphatic speech, it may be produced as a trill,
again in all syllable positions. Moreover, the tap not
always shows a complete closure, which makes it
an approximant-like sound (importantly, without the
retroflex lingual gesture found in the approximant
rhotic of American English) ([3, 4, 53, 5, 6]).

Finally, different syllable positions contribute in
different measures to liquid confusion. Dialectolog-
ical observation suggests that the preconsonantal po-
sition is especially conducive to liquid confusion, not
only in Greek dialects ([52]), but also in many di-
alects of Italian ([34, 45, 23, 75]) or in dialects of
Spanish, especially in the southern part of the Iberian
peninsula, and in several Caribbean dialects ([33,
64, 1, 63]). A high incidence of liquid confusion is
also found in word-final and intervocalic position in
many of these dialects, and in addition in languages
such as Ladin ([34, 45]), many dialects of Occitan
([17, 48,79, 2, 78, 45, 21, 10, 86, 11, 19, 42, 15, 85, 50]),
or in Basque ([46, 89]). In the complex syllable on-
set, there are far fewer instances of liquid confusion.
For Greek dialects, lateral rhoticisation has been re-
ported for Tsakonian and the dialects of Southern
Italy ([ 76, 35]). Cases of rhoticisation or lambdacisa-



Table 2: Confusion of laterals and rhot

ics in Ancient Greek. Examples.

word form with lateral variant form with rhotic  English gloss source
GAyog (noun) apyoréog (adjective) pain (noun); painful (adjective)  [8, 39]
yYAoooaiyio (noun 1) yYAottopyio (noun 2) endless talking (noun 1); idleness  [8, 39]
of the tongue (noun 2)
KePOAOAyio Kepoiapyio headache (8, 39]
avayapyorilo (varia lectio) avayapyopilm to gargle (8, 39]
KOPYOAEOG KOPYXOPEOG rough (8, 39]
popuvA0g/poépLAOG LOPHOPOG/HOPLLPOG Pagellus mormyrus (a sea-fish)  [8, 39]
vavkAnpoc, vadkiopog (noun 1)  vadkpoapog (noun 2) shipowner and merchant (noun [8, 39]
1); in early Athens, the chief of-
ficial of a division of the citizens
(noun 2)
KAMPavog kpipfavog (Attic) covered earthen vessel [8, 39]
from Persian shalvar or shulvar  copapapa loose trousers worn by Scythians  [8, 39]
nibov Epyopon I came; I come [44, 39]
glAoV aipém I took up with my hand; I take up  [44, 39]
with my hand
KA®LOE Kp®UE heap of stones [44, 39]
péALOE (noun 1) peipog (noun 2) young man (noun 1); young girl [44, 39]
(noun 2)

Table 3: Confusion of laterals and rhotics in Modern Greek. All examples are from [52].

word form with lateral variant form with rhotic  English gloss
AOEAPOG adepPOG brother
NnAba npda I came
@BaApNOC QTOPUOC, EQTAPHOG evil eye
yéATNG yépg cantor
BarOnKe Bapbnke, Paptnie it was put
eATidn opmido hope
oApLPOG apHVPOC salty
from Italian alburo ApUTOLPO mast
yMyopo ypfyopo quickly
TEMOTEPL TEPIOTEPL dove
maAefvpL mapadvpt window
KMBapt Kpapt barley
aAETPL Ancient Greek dpotpov  plough
TADPT Ancient Greek mp@pa prow

tion in word-initial position seem to constitute the fi-
nal stage in this sound change: for instance, in Roma-
nian, all Latin singleton laterals rhoticised between
the 4™ and the 7™ centuries, in all syllable positions,
including the beginning of the word ([45, 29]).

2. EXPERIMENT

Which factors contribute to the confusion of later-
als and rhotic sounds and, by extension, to sound
change? A number of hypotheses arise from the di-
alectological and historical observations detailed in
the introduction, section I above:

(1) Darker laterals ought to undergo perceptual



rhoticisation more often than clearer laterals, as their
resonance characteristics are similar due to similar
tongue body positions (cf. [63] for Spanish). (2)
Shorter laterals should be confused with a rhotic
more often than longer laterals, since shorter later-
als, especially in the intervocalic position, resemble
more closely an alveolar tap, which is the main rhotic
variant in many of the languages and dialects dis-
cussed in the introduction. (3) Rhotic variants that
resemble a lateral more closely should be affected
by perceptual lambdacisation more often. Thus an
approximant rhotic, especially when it is alveolar
rather than retroflex, has a longer tongue tip move-
ment than a tap ([7]); a trill with its repeated inter-
ruptions of the acoustic carrier, on the other hand, is
very dissimilar to a lateral and therefore is not sup-
posed to undergo lambdacisation readily. (4) Later-
als and rhotics in preconsonantal, word-final, and in-
tervocalic position ought to be more easily confused
with each other than when they are in a complex
onset cluster. In word-initial position, the smallest
amount of confusion should occur.

In order to put these four hypotheses to a test, a per-
ception experiment was designed. The present sec-
tion describes in detail the construction of the speech
material, the participants, as well as the presentation
of the stimuli.

2.1. Stimuli

Laterals and rhotics were embedded in disyllabic
meaningless words. As shown schematically in Ta-
ble 4, the construction of these stimuli took into ac-
count all syllable positions in which both laterals and
rhotics may occur in Greek. The inclusion of syllable
position as a factor in the experiment was motivated
by the differential freugency of occurrence of rhotici-
sation and lambdacisation reported in historical and
dialectological studies (see section 1 and hypothesis
(4) above).

All stimuli, except for those in the word-final con-
dition, were stressed on the first syllable. Stress
placement on the last syllable in the word-final con-
dition was motivated by purely euphonic consider-
ations (note that the word-final condition contains
the only consonant-final stimuli). Earlier studies on
Greek [49, 51] found stress placement not to be a
contributing factor to lateral rhoticisation and rhotic
lambdacisation.

The stimuli were recorded by two male native
speakers of Greek in a sound-attenuated booth at
the Institute of Phonetics and Speech Processing of
LMU Munich using high-quality equipment. The
first speaker produced almost exclusively trills for
the rhotic in all syllable positions and generally ex-

hibited hyper-articulated speech, likely due to the
laboratory setting. Therefore, a second speaker was
recorded for the same set of stimuli. Only the stimuli
containing rhotic trills were selected from the first
speaker; all the remaining stimuli were taken from
the second speaker. Both speakers were naive as to
the purpose of the study and had never had any pho-
netic training.

Since the two speakers differed significantly in
speaking rate (paired t-test: t[7]=7.12, p<o0.0o0r1), all
stimuli were manipulated in duration so that, depend-
ing on the number of segments in the stimulus, word
duration was in the approximate range of 240 ms —
260 ms. The rationale for this word length was that a
full lateral is known to be about 60 ms long in Greek
spontaneous speech (e.g., [41]). It was found that the
lateral in the recorded tokens took up approximately
24% of the word duration and that this ratio did not
differ significantly among the two speakers (paired
t-test: t[7]=-0.68, p>0.5). Therefore, 60 ms was de-
fined as 24% of the normalised word duration (ca.
250 ms).

Three variables, two for the stimuli containing lat-
erals and one for the stimuli containing rhotics were
created, as follows:

2.1.1. Lateral variable I1: duration

This variable was created in order to test hypothe-
sis (2), namely that shorter laterals undergo percep-
tual rhoticisation more readily than longer laterals
do. Two duration values for the steady state of the
laterals were chosen: 60 ms, which corresponds to
the average duration of the lateral in Greek sponta-
neous speech ([41]), and 30 ms, which comes closer
to the average tap duration found in the speech-rate
normalised stimuli (20 ms). Duration manipulation
was done in Praat ([12]) by use of the PSOLA method
([47]). Transition durations were held constant in the
two conditions: 30 ms from the steady state of the
vowel /a/ into the lateral, and 25 ms from the lateral
into the vowel.

2.1.2. Lateral variable 2: darkness degree

Laterals are known to vary in perceptual quality
along a darkness-clearness continuum, with a low F2
(and a somewhat higher Fr) at the dark end and a high
F2 (and a somewhat lower F1) at the clear end. Hy-
pothesis (1) supposes that degree of darkness is a fac-
tor in lateral rhoticisation, insofar as confusion with
the rhotics should increase as degree of darkness in
the lateral increases. A five-step darkness continuum
was created by varying values for F1, F2, and F3 in
the stimuli containing laterals. Specifically, the dis-



Table 4: Stimulus template. L = liquid (lateral or rhotic).

onset cluster | coda cluster | intervocalic | word-initial | word-final

/pLaka/ /kaLpa/ /kaLa/ /Laka/ /kataL/
/kaLta/

/kLaka/ /kaLka/

tance between the first and the second formant was
increased by 0.96 Bark for every step in the contin-
uum. Table 5 shows the values in Bark for F1, F2,
and F3, as well as F2—F1, at every step in the darkness
continuum of the lateral. These values were based on
a large cross-linguistic study on lateral formant val-
ues conducted by [69].

2.1.3. Rhotic variable: type

Hypothesis (3) states that perceptual lambdacisation
of rhotics is dependent on rhotic type. Therefore,
four different types of rhotic were presented to the
listeners: two-closure trills, taps, taps without the
svarabhakti vocoid' (i.e., constriction period only),
and approximant rhotics.

* Two-closure trills: Stimuli containing trilled
rhotics were taken from speaker 1, as described
above. They were all set to two closure peri-
ods by deleting any additional closure period
present in the signal.

 Taps: Stimuli containing taps were taken from
speaker 2. Closure periods of the taps were set
to a 20 ms duration; the svarabhakti vocoid was
not modified.

L]

Taps without svarabhakti vocoid: An additional
rhotic type — a tap without svarabhakti vocoid —
was created by excising the vocoid from the sig-
nal. In Greek, a svarabhakti vocoid was found
to be absent in 18% - 30% of coda clusters and
in 0% - 22% of onset clusters in a study by Bal-
tazani ([3, 4]). This rhotic type was included in
the experiment in order to gain an understand-
ing of the role of the svarabhakti vocoid in tap
perception. As the tap never presents acous-
tic svarabhakti vocoids in intervocalic position,
no additional rhotic type was created for this
syllable position. The intervocalic tap without
svarabhakti was included with the rhotic type
“tap” on the grounds of its regular occurrence.
This choice, of course, may be debated.

L]

Approximant rhotics: The fourth rhotic type,
approximant rhotics, could not be directly

recorded as the speakers avoided the casual
speech style associated with these sounds in the
laboratory setting. Approximant rhotics were
therefore created as follows: The signal of the
stimulus /'raka/, uttered by speaker 2 with a
word-initial tap, contained an approximant-like
stretch between the closure period for the tap
and the full vowel /a/. This acoustic stretch
was excised, adjusted to a 45-m-duration and
inserted in lieu of the tap + svarabhakti vocoid
sequence in the stimuli uttered by speaker 2.

To summarise, two distinct phonetic variables (du-
ration and spectral quality/formant values) were var-
ied independently in the laterals, while one variable
only was chosen for the rhotics. The rationale for
this choice is the fact that especially trills and taps
shape the acoustic signal in ways that are very differ-
ent from laterals and approximant rhotics: trills and
taps are characterised by the alternation of vowel-
like stretches (svarabhakti vocoids) and short closure
or constriction periods with inherently short dura-
tions due to their manner of articulation as either a
short ballistic movement or as an aerodynamically
induced trilling of the tongue tip ([7]), while later-
als and approximant rhotics have a more homoge-
neous intensity level and allow for quality modifica-
tions via formant structure. The individual duration
values chosen for the stimuli, detailed above, are in
agreement with relative duration values for laterals
and different rhotic types in spontaneous speech (cf.
[50], 136-140).

The combination of all variables (SYLLABLE POSI-
TION, LATERAL DURATION, lateral DARKNESS DEGREE,
and RHOTIC TYPE) yielded 111 different stimuli in to-
tal.

2.2. Participants and presentation

292 native listeners of Greek participated in the ex-
periment (59 participants at the University of Cyprus,
233 participants at Aristotle University, Thessa-
loniki, Greece; mean age: 20.9 years (sd: 3.6 years)).
They were paid for their participation.

The stimuli were presented to listeners over head-
phones in a random-order multiple forced-choice



Table 5: Degree of darkness in the lateral (values in Bark)

very dark | dark | medium | clear | very clear
F1 5.77 5.46 5.15 4.84 4.53
F2 8.32 8.97 9.62 10.27 10.92
F3 14.16 14.3 14.44 14.58 14.72
F2—-F1 2.55 3.51 4.47 5.43 6.39

This design was chosen in order to gain a

packages nnet ([90]) and car ([24]).

finer-grained picture of perceptual confusion involv-
ing laterals and rhotics. Benders and Escudero
[9] presented evidence that listeners show a signif-
icantly larger boundary shift when presented with a
restricted choice of possible answers than when they
are given a larger set of answers to choose from. In
their study, they showed that the location of Peru-
vian Spanish listeners’ perceptual boundary between
the Spanish vowels /i/ and /e/ on a F1 continuum dif-
fered significantly as an effect of the number of re-
sponse categories (/i, e/ vs. /i, e, a, 0, u/). Higher
values of F1 were still categorised as /i/ in the two-
answer group than in the five-answer group. It thus
seems that listeners take into account all the available
choices when perceiving a given stimulus.

In the present study, depending on the syllable po-
sition of the lateral or rhotic, the number of avail-
able choices ranged between five and eight. Fewer
choices were presented, for example, in the coda
cluster condition, because Greek phonotactics allow
for a smaller set of sounds in this position than in
other syllable positions.

The additional choices for the perception of the
liquid sound in the stimulus included a voiced den-
tal fricative/approximant /0/, a voiced velar frica-
tive/approximant /y/, a voiced alveolar fricative /z/, a
pre-nasalised voiced velar stop /g/, a pre-nasalised
voiced bilabial stop /™b/, a pre-nasalised voiced alve-
olar stop /"d/, an alveolar nasal stop /n/, a voiceless
alveolar stop /t/, as well as, for each trial, the possi-
bility of complete elision of the sound, /()/.

3. RESULTS

Results for stimuli containing laterals and stimuli
containing rhotics were analysed separately. The re-
sponse variable was divided into three levels: ”rho”,
”lambda”, and “other”. The last level, “other”,
grouped all the choices offered to the participants ex-
cept ’rho” and “lambda”; these remaining choices
contained too few datapoints to warrant separate
levels in the analysis. The data were analysed us-
ing multinomial logistic regression models (R ([66]);

3.I. Stimuli containing laterals

The three predictor variables DARKNESS DEGREE,
LATERAL DURATION, and SYLLABLE POSITION, and
their interactions (three two-way interactions as
well as one three-way interaction) were entered
into the model. Overall accuracy of the model
was good at 96% correct predictions. Contrary
to hypothesis (1) stated at the beginning of sec-
tion 2, DARKNESS DEGREE in the lateral did not con-
tribute significantly to predicting participants’ an-
swers (x*[8]=3.97, p=0.86). LATERAL DURATION,
on the other hand, did show the expected effect
(x*[2]=14.43, p<0.001) (cf. hypothesis (2)), with long
laterals being less likely to be perceived as /r/ or as
another sound than short laterals, and thus confirmed
the results of [49]. The strongest predictor, however,
was the SYLLABLE POSITION in which the lateral was
presented (x*[14]=855.04, p<0.001) (cf. hypothesis

(4)).

Among the interactions tested, the interaction
between the syllable position and the duration of
the lateral was nearly significant at « < 0.001
(x’[14]=34.70, p=0.002; see Figure 1), whereas
the other three interactions did not reach signif-
icance (SYLLABLE POSITION X DARKNESS DEGREE:
v’[56]=40.54, p=0.94; DARKNESS DEGREE X LAT-
ERAL DURATION: ¥’[8]=4.34, p=0.83; SYLLABLE PO-
SITION X DARKNESS DEGREE X LATERAL DURATION:
1*[56]=36.15, p=0.98). The predicted probability of
choosing /1/ over /l/ in intervocalic position was 0.05
for short laterals and 0.02 for long laterals, even
though the predicted probability of choosing one of
the other responses presented over /I/ in intervocalic
position was 0.11 for both long and short laterals (cf.
Figure 1). Of'the other sounds perceived for short lat-
erals in intervocalic position, participants chose the
interdental voiced fricative /0/ in most cases (62%)
(no consonant/perceptual elision:16% of cases; velar
voiced fricative /y/: 15%; alveolar voiced fricative
/z/: 3%; alveolar nasal /n/: 3%; prenasalised voiced
alveolar stop /"d/: 1% of cases). A similar picture



was obtained for the long lateral in intervocalic posi-
tion: participants chose again the interdental voiced
fricative /0/ was chosen in 67% of cases (velar voiced
fricative /y/: 15%; perceptual elision: 11%; alveolar
voiced fricative /z/: 7%; alveolar nasal /n/: 1%).

3.2. Stimuli containing rhotics

The two predictor variables SYLLABLE POSITION (the
same as for the laterals) and RHoTIC TYPE as well as
their interaction were entered into the model. Here,
the overall accuracy of the model at 83% correct pre-
dictions was lower than in the model for the laterals.
Both predictor variables had a highly significant ef-
fect on the model’s predictions (SYLLABLE POSITION:
v*[14]=863.1, p<o0.001; RHOTIC TYPE: %*[6]=6054.1,
p<o.oo1), as did their interaction (SYLLABLE PosI-
TION X RHOTIC TYPE: ¥*[42]=569.2, p<0.00I). As
shown in Figure 2, the tap without svarabhakti vo-
coid was often perceived as neither /r/ nor /l/. A close
inspection of the actual response data reveals that
this rhotic variant was not perceived at all (percep-
tual elision) in most syllable positions; only in the
sequence /pra/ was the tap without svarabhakti vo-
coid perceived as /0/, and, less frequently, as /n/ (in
77% and 24% of cases, respectively), while in word-
initial position, it was perceived as /y/ or /8/ (in 38%
of cases each).

4. DISCUSSION

4.1. Misperception of laterals

The multinomial logistic regression model of partic-
ipants’ responses to stimuli containing laterals that
varied in two acoustic dimensions (degree of dark-
ness and duration) had a prediction accuracy of 96%.
This value suggests that the factors studied in this in-
vestigation provide a good account of the phonetic
conditions which give rise to misperception of later-
als.

While the degree of darkness in the laterals did
not contribute to correctly predicting whether a lat-
eral stimulus was perceived as such or as another
sound, the duration of the lateral (long vs. short)
and the syllable position in which it appeared had
a significant effect on model predictions. Figure
I shows that one syllable position in particular in-
creases the risk of misperceiving laterals as either a
rhotic tap or as an intervocalic voiced fricative, and,
much less though, as a range of other sounds. For
some of these other sounds, the numerical distribu-
tion of participants’ responses in the data indicates
that degree of darkness, while of no effect for per-
ceptual lateral rhoticisation, could play a role in mis-

perception. This is the case for perceptual elision,
with 41 elision responses to very dark laterals, grad-
ually decreasing to 26 responses for very clear lat-
erals, across all syllable positions (15 responses for
very dark laterals in intervocalic position, gradually
decreasing to 7 responses for very clear laterals in
that position), and a similar effect might obtain in the
perception of a lateral as the interdental voiced frica-
tive /0/, with 41 /d/-responses to very dark laterals,
gradually increasing to 56 /0/-responses to very clear
laterals across all syllable positions (33 /d/-responses
to very dark laterals, gradually increasing to 47 /d/-
responses to very clear laterals in intervocalic po-
sition). Given the low number of cases of percep-
tual elision or perception of /8/, compared to percep-
tion of /r/, and particularly of correct identification
as /l/, a statistical analysis was not meaningful; this
is why only a numerical description is given here.
To summarise, these data indicate that darker later-
als may escape perception more easily than clearer
laterals, and that clearer laterals would more readily
be heard as /0/ than darker laterals. Future research
will show whether the prediction derived from these
findings, namely that /d/-perception of a lateral in-
creases as its degree of darkness decreases is sup-
ported by cross-linguistic empirical observations in
the domains of historical sound change and syn-
chronic dialectal or socio-phonetic differentiation. A
potential counterexample to this prediction is, for ex-
ample, the Albanian word form ”gjillé” [ 'jito], a di-
alectal variant of the word “’gjidh&” [ 'jido] *all’ (adj.)
(itself a variant of standard “gjithé” ['3i0a]) (Alba-
nian contrasts clear /I/ and dark /¥ phonemically and
orthographically) ([57]).

Figure 1 shows that predicted probabilities for
perceptual rhoticisation of the lateral were highest
in intervocalic position (although the risk of rhotici-
sation was still low at 5% for the short lateral, and
2% for the long lateral, see section 3.1). Since the
Greek rhotic is canonically a tap in all syllable posi-
tions ([3, 4, 53, 5], it is assumed that listeners, when
pressing the answer button showing a transcribed «p»
for a lateral, confused the lateral with a (perhaps re-
duced) tap rather than another, less common variant
of the Greek rhotic such as the trill or the approxi-
mantized variatnt of the tap. Of course, this assump-
tion will need to be subject to further testing. Such
an interpretation is appealing, however, insofar that a
tap in intervocalic position lacks distinct svarabhakti
vocoids in the acoustic signal, since these would be
overlaid by the surrounding vowels. The most promi-
nent acoustic cue to the tap would then be the char-
acteristic reduction in intensity during tongue tip clo-
sure or tongue tip constriction. Further support for



Figure 1: Absolute frequency of responses to lateral stimuli depending on LATERAL DURATION (upper panel: short,

lower panel: long) and SYLLABLE POSITION.
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this interpretation comes from the fact that the pre-
dicted probabilities of lateral rhoticisation in intervo-
calic position were higher for shorter than for longer
laterals, given that a short reduction in intensity re-
sembles the reduction seen in intervocalic taps.

4.2. Misperception of rhotics

The rhotics presented in the experiment were cate-
gorised into rhotic types, and results showed that
some types behaved very different from others. In
particular, trills and taps yielded high levels of cor-
rect identification as rhotics (cf. Figure 2). The
tap in the sequence /pra/, nevertheless, had a higher
predicted probability of being identified as a lateral
(10%) than in other syllable positions (ranging from
<0.01% in /arp/ to 2% in /ark/ or in /ra/). A rea-
son for this might be that, although it was aimed
for a stimulus set consisting entirely of non-words, it
could not be avoided that a few stimulus forms rep-

resented meaningful words. Specifically, the form
/plaka/ is a meaningful Greek word (’board, tomb-
stone, dial, blackboard, tile, plaque, plate, fun’) and
thus could have attracted /l/-responses (cf. [25]).
This interpretation is backed up by the fact that the
highest predicted probabilities for /I/-responses for
the rhotic types tap without svarabhakti vocoid and
approximant (56% and 97%, respectively) are also
found in the sequence /pra/. Similarly, the two
other meaningful stimulus forms, /karta/ ("card’) and
/katar/ (’Qatar’), also attracted relatively high pre-
dicted probabilities for (correct) /r/-responses rela-
tive to predicted probabilities for other syllable po-
sitions within the same rhotic type, cf. Figure 2.

The approximant rhotic type was predicted by the
model to elicit more /I/-responses than /r/-responses,
and this for all syllable positions. The lowest pre-
dicted probability for perceptual lambdacisation was
in word-initial position /#ra/ (56%), which is also
the syllable position from which the original approx-



Figure 2: Absolute frequency of responses to rhotic stimuli depending on RHOTIC TYPE and SYLLABLE POSITION.
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imant rhotic was taken (see section 2.1.3). Three
explanations may be advanced for these high rates
of perceptual rhotic lambdacisation, i.e. misper-
ception of /r/ for /l/: First, although approximant
rhotics and perhaps more frequently, very reduced
taps, exist in Greek casual speech, these do not have
the same consistent approximant pronunciation as
do, for example, English rhotic approximants. The
clear speech nature of the stimuli may have biased
listeners against the correct perception of a variant
strongly associated with casual speech.

Second, laterals preceding low or back vowels
are very similar to the English rhotic approximant
in some Greek dialects, especially in Western Crete
([35, 36]). However, only four out of 292 partici-
pants were originary from Western Crete, i.e. indi-

cated having attended primary school in Chania dis-
trict. They perceived the rhotic approximant in 94%
of cases as /l/ across syllable positions, against per-
ceptual lambdacisation in 74% of cases across syl-
lable positions for all 292 participants. This seems
to show that the alveolar non-lateral approximant is
part of their phonemic representation of the lateral,
against, perhaps, listeners with a different dialectal
background. Note that the canonical rhotic in the
Western Crete dialect is a tap, as elsewhere in Greek

(35, 36)).

Third, the approximant rhotic lacks the character-
istic contrast of intensity reduction during tongue tip
constriction or closure as well as a svarabhakti vo-
coid which make up taps and trills; instead it presents
formant structure, as does the lateral. Moreover, the



approximant rhotic is generally longer than the tap,
and this fact was taken into account in creating the
stimuli. Its duration renders it thus similar to the lat-
eral. The main difference to the lateral lies in the
approximant rhotic’s lacking lateral side channels.

The category tap without svarabhakti vocoid was
included in the study in order to test the role of
svarabhakti vocoids in perception. The characteris-
tic shape of the tap as a sequence of a svarabhakti vo-
coid and an intensity reduction period due to tongue
tip constriction or closure or vice versa and the con-
comitantly high predicted probabilities of correct /r/-
responses to rhotic taps in the present study are thus
compared to the scenario where the tap lacks this
svarabhakti vocoid. The interest of this compari-
son arises from the observation made by Baltazani
([3, 4]) that 18% to 30% of taps in /rC/-clusters may
lack their svarabhakti vocoid, while it is absent with
taps in 0% to 22% of /Cr/-clusters. How is a tap per-
ceived that lacks the svarabhakti vocoid? The model
presented here predicts that it is not perceived at all in
most cases. Exceptions are the word-initial position
and the onset cluster /pra/. Elision of rhotics (the ex-
act variant of which is not always easy to determine
from the literature) occurred in the historical devel-
opment of many languages, e.g., in Albanian ([57]),
Latin, Ancient Greek, and Sanskrit ([44, 80, 38, 39]),
Prakrit ([91]), Faliscan ([80]), Occitan, Italian, Span-
ish, French [93]), and Franco-Provencal [93, 26]).
The reason why the svarabhakti vocoid would be-
come reduced to the point of disappearing altogether
cannot be answered by the data presented in this in-
vestigation. It may be suggested, nevertheless, that
prosodic factors of various kinds (word stress, sen-
tence stress, etc.) may be held accountable for such
variation.

A caveat needs to be voiced here, however: the
model’s accuracy amounted only 83% correct predic-
tions as compared to the empirical data, which leads
to suspect that the factor of rhotic type investigated
here might be too coarse to account for listeners’ re-
sponses and that a finer-grained approach is called
for a more thorough understanding of the mechanism
behind perceptual lambdacisation of rhotics.

5. CONCLUSIONS

This study has shown that acoustic factors exist
which can account for the mutual confusion of lat-
erals and rhotics through misperception. While lat-
eral degree of darkness could not be shown to play
a role in lateral rhoticisation —the misperception of
/V/ for /r/—, the analysis confirmed previous studies
showing that rhoticisation (to a tap) mainly hinges

on the sound’s duration. Rhotic lambdacisation —the
misperception of /r/ for /I/— was studied for differ-
ent types of rhotics, and high rates of lambdacisa-
tion were found for the approximant rhotic variant,
whereas taps and trills were almost invariably per-
ceived as rhotics. When the svarabhakti vocoid was
missing in the tap, however, leaving only the clo-
sure or constriction period, many participants were
not able to perceive the sound at all.

The findings from this study underline the impor-
tance of taking into account the precise phonetic vari-
ant or allophone of a sound category when investigat-
ing sound change, whether the investigation is done
by extrapolating from current findings to older stages
of a language, which have been transmitted to us
only in written form, or by designing new experimen-
tal approaches to sound change problems. An un-
derstanding of the underlying mechanisms of sound
change will only prove successful if all aspects of
speech, from fine phonetic detail to phonemic cate-
gories, are taken into consideration.
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