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ABSTRACT: The present study investigated the role of phrasal prosody in speech segmenta-
tion in adult bilingual speakers of two languages with opposite basic word orders: Basque and
Spanish (Object-Verb and Verb-Object, respectively). We created a structurally ambiguous arti-
ficial language (AL) that allowed two possible parses, mimicking the order characteristic of OV
and VO languages, and enriched it with the prosodic cue associated to languages with an OV
order: a pitch contrast, in which the element receiving prominence within phrases has higher
pitch than the non-prominent elements. We tested highly proficient L1Basque-L2Spanish and
L1Spanish-L2Basque speakers on their segmentation preferences of the AL, addressing both
groups in their respective L1 during the study. Analysis of their segmentation preferences re-
vealed that the presence of OV prosody modulated —but did not determine— their parsing
of the ambiguous AL, as both groups of bilinguals exhibited a significantly greater preference
for the segmentation associated to OV languages than two similar groups presented with a pro-
sodically flat variant of the same AL in de la Cruz-Pavia er al. (2022). These results confirm that
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phrasal prosody is an available segmentation cue for adult bilinguals, but suggests that it is not a
salient segmentation cue in this population.

KEYWORDS: bilingualism; word order; phrase segmentation; artificial languages; prosodic
cues; statistical cues; segmental cues; hierarchy of phrase segmentation cues.

1. Introduction

Word order is a central feature of grammar, which comprises multiple phe-
nomena that vary across languages (Hahn & Xu 2022). The world’s languages vary
in their order of verbs and objects, of relative clauses and nouns, of adjectives and
nouns, etc. (Greenberg 1963), and (some of) these phenomena co-vary systemati-
cally (Dryer 1992; Greenberg 1963). One such example is basic word order, i.e.
the relative order of verbs and objects, which correlates cross-linguistically with
the order of functors (e.g. determiners, adpositions, verbal inflection: the, in, -ing),
and content words (e.g. nouns, verbs, adjectives: turtle, walk, slow). Languages in
which Verbs precede Objects (henceforth VO languages; e.g. English: 7 feedv ., the
turtlecy,..)> such as Spanish or English, are typically functor-initial, that is, func-
tors tend to occur at the beginning of their syntactic phrases (e.g. English: of the
woman). In turn, languages in which Verbs follow Objects (OV languages; e.g.
Basque: Dortokacy,. ., elikatzen dut, , — turtle feed aux-Ipers-sg), such as Basque or
Hindi, are typlcally functor- final, that is, functors tend to occur at the end of syn-
tactic phrases (e.g. Basque: emakume-a-ren — woman-the-possessive).

Functors are characterized by statistical and phonological properties that set them
apart from content words (Morgan ez /. 1996). Individual functors occur extremely
frequently in the input and are perceptually minimal (e.g. they tend to be unstressed,
short, and have simple syllabic structures), while individual content words have a
much lower frequency of occurrence and are phonologically salient (e.g. they receive
prosodic prominence, tend to be longer and have more complex syllabic structures).
Because the statistical, prosodic and distributional properties setting functors and
content words apart are directly observable in the speech signal, they have been pro-
posed to reliably cue phrase boundaries and basic word order (Gervain ez a/. 2008;
Mazuka 1996; Morgan et al. 1996).

Gervain and colleagues’ seminal work provided evidence supporting this hypoth-
esis, showing that both prelexical infants and adults are sensitive to the frequency of
the elements in the input and use this cue to extract phrases from the input (Gervain
et al. 2008, 2013). When presented with artificial languages that comprise frequent
and infrequent elements in strict alternation, and which have an ambiguous struc-
ture that allows two possible parses (mimicking the two possible orders of functors
and content words in natural languages), both infants and adults parse the language
into phrase-like units that follow the order characteristic in their native language.
Adult bilinguals can deploy the frequency-based strategies of their two languages
(de la Cruz-Pavia et al 2015, 2022; de la Cruz-Pavia, Werker, ez 2/ 2020). Note
that bilingual speakers of an OV and a VO language (e.g. Basque-Spanish bilinguals)
hear both functor-initial and functor-final phrases in their input. And yet, these bi-
linguals modulate their parsing preferences of the ambiguous artificial language (AL)
depending on the language of context, that is, the language in which they are ad-
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dressed and receive the instructions of the study (de la Cruz-Pavia ez al. 2015, 2022):
bilinguals exhibit a greater frequent-final parsing preference of the AL when ad-
dressed in their OV language (Basque, in these studies) as compared with their VO
language (Spanish).

In addition to this frequency-based cue, the speech signal contains another source
of information signalling phrase boundaries and basic word order, namely phrasal
prosody. Within phrases, phrasal prosodic prominence is carried by the content
words, not by the functors, and its acoustic realization varies across languages in cor-
relation with basic word order. In VO languages prominence is realized through in-
creased duration, yielding a short-long pattern (English: iz Ro:me), while in OV lan-
guages it is realized through an increase in pitch (or intensity), resulting a high-low
(or loud-soft) pattern (Japanese: Tokyo ni — Tokyo in; de la Cruz-Pavia, Gervain,
et al. 2020; Gervain & Werker 2013; Nespor ez al. 2008).

Sensitivity to this prosodic cue is observed from early infancy (Bernard & Ger-
vain 2012; de la Cruz-Pavia et al. 2019; Gervain & Werker 2013). Seven-month-
old bilingual learners of a VO language (English) and an OV language (Hindi, Jap-
anese, Urdu, etc.) parse the structurally ambiguous AL designed by Gervain et al.
(2008) into frequent-initial “phrases” when enriched with VO prosody (i.e. a con-
trast in duration: frequent elements are shorter than infrequent ones), but parse the
same AL into frequent-final “phrases” when enriched with OV prosody (i.e. a con-
trast in pitch: frequent elements have lower pitch than infrequent ones; Gervain &
Werker 2013). Further, infants integrate this prosodic cue with the available fre-
quency information. When the two cues appear in conflict —for instance by expos-
ing monolingual learners of a VO, functor-initial language with the AL containing
OV prosody— their preference for the familiar frequent-initial word order disap-
pears (Bernard & Gervain 2012; Gervain & Werker 2013), suggesting that infants
weigh the available frequency and prosodic cues equally.

To date, a single study has examined adult listeners’ sensitivity to this prosodic
cue. De la Cruz-Pavia, Werker, ez al. (2020) presented monolingual speakers of
English (VO, functor-initial) and highly proficient bilingual speakers of English
and an OV language (Hindi, Japanese, Tamil, Korean, etc.) with three ALs that
differed in the cues to phrase boundaries that they contained: (1) frequency-based
cues, (2) frequency and VO prosodic cues, or (3) frequency and OV prosodic
cues.?

As predicted for speakers of a VO, functor-initial language, English monolinguals
parsed the AL containing only frequency information into frequent-initial “phrases”.
English-OV bilinguals exhibited the same parsing preference. Although frequency is
an ambiguous cue for these OV-VO bilinguals (which are exposed both to frequent-
final and frequent-initial structures in their input), the language of context might
have determined their parsing, as all participants (monolinguals and bilinguals) were
addressed and received the instructions of the study in English (VO, functor-initial
language). The addition of a familiar and redundant cue, namely VO prosody, did

2 This study included other conditions manipulating visual cues to phrase boundaries. These condi-
tions are not discussed here, as they are not relevant for the present research.
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not heighten English monolinguals’ parsing preference for frequent-initial chunks,
but it significantly increased that of the bilinguals. The seemingly enhanced at-
tention to this prosodic cue found in bilingual populations supports Gervain and
Werker’s (2013) proposal that phrasal prosody could allow OV-VO bilinguals to
differentiate their two languages and, combined with frequency, discover the basic
word order of their native languages during acquisition.

Finally, exposure to the unfamiliar OV prosody led to a reversal of English
monolinguals’ parsing preference into frequent-final “phrases”. OV prosody is the
prosodic pattern associated to languages with a functor-final (i.e. frequent-final) or-
der, and was hence in conflict with frequency information, which signalled a fre-
quent-initial order to the English monolinguals, as speakers of a VO, functor-initial
language. Chunking elements containing contrasts in pitch into high-low groupings
has been hypothesized to be a general auditory bias found in humans (Bion e# al.
2011) and even rats (de la Mora ez al. 2013). This result supports the auditory bias
hypothesis and, in line with prior studies, suggests that adult listeners might weigh
prosodic information more heavily than statistical cues (Shukla ez 2/. 2007). By con-
trast, the presence of OV prosody did not impact English-OV bilinguals’ segmenta-
tion: a preference for frequent-initial “phrases” obtained, similar to the one this pop-
ulation exhibited when exposed to the AL containing only frequency cues. Note that
bilinguals were addressed exclusively in their VO language English during the study.
De la Cruz-Pavia, Werker, ez al. (2020) argue thus that the language of context over-
rode the simultaneously available prosodic cue, determining bilinguals’ parsing pref-
erences of the ambiguous AL.

Manipulating the language of context to put this hypothesis to test was not fea-
sible for de la Cruz-Pavia, Werker, ez al. (2020), as the bilinguals in their study were
native speakers of 12 different OV languages. In the present study, we overcome
this difficulty by examining a homogeneous bilingual population, namely Basque-
Spanish (OV-VO) speakers. This population is ideal to establish the relative weight
of prosodic cues within the hierarchy of bilingual segmentation cues, as previous
studies with Basque-Spanish bilinguals have investigated the role and interplay of
frequency, context language, and segmental cues.

De la Cruz-Pavia ez al. (2015) examined highly proficient Basque-Spanish bilin-
guals’ parsing preference of a structurally ambiguous AL containing frequency cues
and synthesized in German, i.e. an unfamiliar language. They manipulated the lan-
guage of context, addressing half of the participants in Basque, the remaining half in
Spanish. Participants addressed in their OV language, Basque, showed a greater pref-
erence for the frequent-final parsing associated to OV languages, as compared with
participants addressed in their VO language, Spanish. Thus, the language of context
modulated bilinguals’ parsing preferences of the ambiguous AL, although it did not
fully reverse them. Indeed, all participants exhibited a general frequent-final parsing
preference that the authors hypothesize resulted from acoustic-phonetic information
provided by the German voice.

De la Cruz-Pavia et al. (2022) replicated this context language effect, in addi-
tion to further investigating its interplay with segmental cues. To this end, they de-
signed an AL with the same ambiguous structure as the one in de la Cruz-Pavia ez al.
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(2015), using only phonemes shared by Spanish and Basque® and synthesized using a
Spanish voice. These changes to the AL’s segmental information (i.e., the differences
in the acoustic-phonetic information of the sounds used in the German vs. the Span-
ish ALs) led to a reversal of the bilinguals’ segmentation preferences to a frequent-
initial parsing preference (i.e. a parse associated to VO languages such as Spanish),
which was once again modulated by the language of context. This pattern of results
suggests a hierarchical organisation of segmentation cues in which segmental cues are
more heavily weighed by adult bilinguals than the language of context.

The present study further investigates the relative position of phrasal prosody
within the hierarchy of segmentation cues. We examined the parsing preferences
of two populations of highly proficient Basque-Spanish bilinguals: Basque natives
(henceforth L1Basque-L2Spanish) and Spanish natives (i.e. L1Spanish-L2Basque).
We presented them with a structurally ambiguous AL, specifically, the “Spanish” AL
originally designed by de la Cruz-Pavia e al. (2022), to which we added OV phrasal
prosodic cues. Note that, while OV prosody signals a frequent-final parse of the AL,
frequency information is ambiguous for these OV-VO bilinguals, who are exposed
to both functor-initial and functor-final structures in their input. In contrast with
de la Cruz-Pavia, Werker, e# al. (2020), we addressed participants in their L1 during
the study. Therefore, L1Basque bilinguals received the instructions of the study in
Basque, while L1Spanish bilinguals were addressed in Spanish.

In de la Cruz-Pavia, Werker, ez al. (2020) the presence of VO prosody modulated
OV-VO bilinguals’ parsing preferences of a structurally ambiguous AL, while the pres-
ence of OV prosody did not. Note however that these bilinguals were addressed in
their VO language during the study. In light of these results, the following predictions
can be drawn for the present study: the presence of OV prosody should not modu-
late the segmentation preference of L1Spanish bilinguals, as these OV-VO bilinguals
were addressed in their VO language during the study. In turn, we examine whether
OV prosody modulates the responses of L1Basque bilinguals when addressed in their
OV language, that is, when language of context and prosody provide convergent in-
formation. Integrating these two cues might lead to a frequent-final parsing preference
similar to the one observed in adult monolinguals in de la Cruz-Pavia, Werker, ez al.
(2020). Such a pattern would suggest that the integrated prosodic and context lan-
guage cues override the segmental cues signalling a frequent-initial segmentation of the
AL. If, by contrast, segmental cues still outweigh the combined prosodic and context
language cues, a modulation towards a greater frequent-final segmentation might ob-
tain, although a full reversal of the bilinguals’ parsing preference is not predicted.

2. Methods
2.1. Participants

Participants consisted of 32 highly proficient bilingual speakers of Spanish and
Basque (25 females, mean age 21.9, age range 18 to 37). Of these, 16 were native

3 Their phonetic inventories overlap largely, with the Spanish consonantal set being, with a few ex-
ceptions, a subset of the Basque one.
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speakers of Basque, i.e. L1Basque-L2Spanish bilinguals (12 females, mean age 20.9,
age range 18 to 29), while the remaining 16 participants were native speakers of
Spanish, i.e. L1Spanish-L2Basque bilinguals (13 females, mean age 22.8, age range
18 to 37). Their linguistic background was assessed by means of a questionnaire de-
veloped by members of the research group The Bilingual Mind (UPV/EHU). This
questionnaire (reproduced in de la Cruz-Pavia ez /. 2015, 2022) measures the bilin-
guals’ age of acquisition, self-reported proficiency, and use of their two languages in
different contexts and at three different points in their lives (childhood, adolescence,
adulthood). All L1Basque bilinguals had been raised in Basque-only speaking homes,
and L1Spanish bilinguals in Spanish-only speaking homes during infancy. All bilin-
guals had had formal education in both their languages and reported being highly
proficient in them. Participants received a small compensation for their participa-
tion.

2.2. Stimuli

We used the AL designed by de la Cruz-Pavia ez al. (2022). This AL has an am-
biguous structure similar to the AL originally created by Gervain ez al. (2013) and
the ones used in de la Cruz-Pavia ez 2/ (2015) and de la Cruz-Pavia, Werker, et al.
(2020). It comprises two types of categories: frequent and infrequent. Frequent cat-
egories consist of categories @, & and ¢, each containing a single Consonant-Vowel
(CV) token (a = fi, b = nu, ¢ = pe; see Figure 1). In turn, infrequent categories con-
sist of categories X, Y and Z, each containing 9 CV tokens (X = FE, KA..., Y = LI,
SA..., Z= PO, TU...). The AL has thus a total 3 frequent and 27 infrequent tokens,
and all CV tokens contain only phonemes shared in Spanish and Basque, two lan-
guages that have largely overlapping inventories. The 6 categories are combined
into a basic unit with the structure aXbYcZ, that is, in which frequent and infre-
quent categories strictly alternate. The basic unit is then concatenated 377 times
(aXbYcZaXbYcZaXbYe...), creating a 9 minute and 3 second long familiarization
stream. As a result of this design, tokens from frequent categories (1 token per cat-
egory) occur 9-times more frequently than tokens of infrequent categories (9 tokens
per category). The amplitude of the first and last minute of the stream is ramped, re-
sulting in a structurally ambiguous stream that allows two possible parses: a parse
that starts with a frequent element (i.e. frequent-initial): [aXbYcZ]aXb..., or a parse
that ends in a frequent element (i.e. frequent-final): a[XbYcZa) Xb. ..

Test stimuli consist of 36 hexasyllabic sequences, half with a frequent-initial or-
der (e.g. aXbYcZ: fiLUnuSApeKI), the remaining half with a frequent-final order
(e.g. XbYcZa: KAnuLlpePOfi). The six categories occur with equal frequency in all
positions within sequences.

The familiarization stream and 36 test items are synthesized with the es1 (Spanish
male) voice of the MBROLA database (Dutoit 1997). All CV tokens have a constant
duration of 120 ms per segment and a flat intensity level. Because the AL in de la
Cruz-Pavia er al. (2022) contained only frequency-based information, CV tokens
had a constant pitch of 100 Hz. In the present study we added a prosodic cue, spe-
cifically the pattern characteristic of OV, functor-final languages: a contrast in pitch
(in which the content word has a higher pitch than the functor; de la Cruz-Pavia,
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Artificial Language
General structure
{X;Y;Z}: {a; b;c} = 1:9
...aXbYcZaXbYcZaXbYcZ...

Categories & tokens
from de la Cruz-Pavia et al. (2022)

a X b Y c Zz

FE FU FO
KA KO KI

LU LI KU

MU LO LE
NE MO MA
fiiu po MU nao  PE P
SO PU PO

TI SA TA

TO TE TU

Prosodic cue
Tokens in a,b,c = 120Hz - X,Y,Z = 100 Hz

. . . . . L] .
. . . . . L] .

...fiNEnuLIpeKIfiKAnuLOpeLEfiKA...

Structurally ambiguous stream

two possible segmentations
7 X

Frequent-initial

Frequent-final

. L] L] L]
. . . . L]

...[fiNEnuLlpeKI]JfiKAnuLO...

. . . . . .

...fiNEnuLIpeKIfi]KAnuLO....

Test

36 test pairs
2-alternative-forced-choice procedure

peMAfiIKAnuLO SApeKEfiMUnu

Which of the two sounds more possible in the
language you heard before?

Experimental set-up

7]

.

Figure 1

From top to bottom: general structure of the artificial language, categories and tokens,
prosodic manipulation, the two possible word orders of the ambiguous stream, test items
and task, and experimental set-up.
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Gervain, et al. 2020; Gervain & Werker 2013; Nespor ez a/. 2008). We synthesized
tokens from infrequent categories with a higher fO than tokens in frequent categories
(i.e. 120 vs. 100 Hz). The strict alternation of frequent and infrequent syllables tal-
lied hence with the strict alternation of pitch falls and rises both in the familiariza-
tion stream (...aXbYeZaXbYcZaXbYe...: fiNEnuLlpeKIfiKAnul OpeL EfiKA...) and test
sequences (e.g. fILUnuSApeKI, KAnuLlpePOfi...).

2.3. Procedure

Participants were tested individually in a quiet room at the University of
the Basque Country UPV/EHU’s psycholinguistics laboratory (Vitoria-Gasteiz,
Spain). The experiment was displayed in a computer screen using DMDX soft-
ware (Forster & Forster 2003), and participants were provided with high quality
Logitech headphones. All participants were addressed in their L1. Thus, the group
of L1Basque-L2Spanish bilinguals received the instructions of the study in Basque,
whereas the group of L1Spanish-L2Basque bilinguals was instead addressed in
Spanish. Participants were instructed that the study had two parts. First they would
listen to an unknown language for 9 minutes, and were asked to pay close attention,
as during the second part of the study they would answer questions about this lan-
guage. Participants then completed a short training, in order to get familiarized with
the procedure of the study. During training, participants heard six pairs of syllables
(e.g. me s0) and their task consisted on identifying a target syllable (i.e. s0), and press-
ing one of two keys in the keyboard, depending on whether the target syllable had
been heard first or second within the pair.

After the instruction and the training, participants listened to the 9-minute-long fa-
miliarization, immediately followed by the test phase, during which they listened to a
total of 36 trials. In each test trial, participants heard two six-syllable long sequences,
one with a frequent-initial order and the other one with a frequent-final order, sepa-
rated by a 500 ms silence. The order of presentation of the two sequence types was
counterbalanced across trials. Every test sequence appeared twice in the test phase,
once as first member of a pair (e.g. fiTInuTEpeKU —500ms pause— FUpe TAfiNEnu),
and another time as second member of a different pair (e.g. TAfIMUnulLlpe —500ms
pause— fillnuTEpeKU), although never in consecutive test trials. Participants’ task
consisted on choosing, for each pair, which sequence —the first or second in the
pair— they thought sounded more like a possible sequence in the language heard dur-
ing familiarization. To indicate this, they pressed one of two predefined keys in the
keyboard. The session had a total duration of less than 30 minutes.

3. Results

DMDX recorded the number of frequent-final responses per participant out of
the 36 test trials. Participants were presented with a two-alternative forced choice be-
tween frequent-initial and frequent-final sequences. Due to the binomial nature of
their responses, and following previous studies (de la Cruz-Pavia ez al. 2015, 2022;
de la Cruz-Pavia, Werker, ez al. 2020), we analysed them using binomial tests of pro-
portions. All analyses were conducted in R (version 3.6.1., R Core Team 2019).
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First, we examined whether the participants’ responses differed significantly from
chance. Within-group binomial tests of proportions revealed that both groups of bi-
linguals had a numerically frequent-initial parsing preference of the structurally am-
biguous AL (see Table 1 and Figure 2). This preference only reached significance in
the group of L1Spanish bilinguals (14.63/36, 40.63%; p < .0001), remaining near-
significant in the group of L1Basque bilinguals (16.50/36, 45.83%; p = .05). Com-
parison of the two groups with a binomial test of proportions revealed that their
parsing preferences did not differ significantly (x*(1, N = 32) = 3, p = .08). In sum,
the presence of a pitch contrast, prosodic pattern associated with OV, functor-final
languages, did not yield a frequent-final parsing preference of the AL neither in na-
tive nor in non-native but highly proficient speakers of Basque. In other words, the

presence of this prosodic cue did not determine adult bilinguals’ parsing preference
of the AL.

Table 1

Mean number of frequent-final responses out of the 36 test trials, standard error (SE),
and 95% confidence intervals (CI) obtained in the two groups of Basque-Spanish bilinguals
(L1Basque and L1Spanish) tested in the present study, and the two similar groups tested by

de la Cruz-Pavia er al. (2022) (marked by a * preceding the values)

Number of frequent-final responses out of the 36 trials

L1Basque-L2Spanish L1Spanish-L2Basque

. . 16.50, +2,74 SE 14.63, +2.07 SE
AL containing frequency-based and prosodic cues 10.67-22.33 10.21-19.04

. *13.67, +1.28 SE *12.52, £1.35 SE
AL containing only frequency-based cues 11.03-16.30 9.70-15.34

* From de la Cruz-Pavia et al. (2022).

In order to determine whether the addition of pitch cues nonetheless modulated
the bilinguals™ parsing preferences, we compared the results of the present study with
the results of two similar groups tested in de la Cruz-Pavia er al. (2022) and pre-
sented only with frequency information (but with an otherwise identical AL). The
two groups of L1Basque and L1Spanish bilinguals in de la Cruz-Pavia ez al. (2022)
had a significant frequent-initial parsing preference of the AL (L1Basque: 13.67/306,
37.96%; p < .001; L1Spanish: 12.52/36, 34.78%; p < .001; see Table 1 and
Figure 2). Comparison of the two groups of L1Basque bilinguals (frequency-only: de
la Cruz-Pavia et al. 2022 vs. frequency and prosody: present study) with a binomial
test of proportions revealed that the addition of prosodic cues to the AL resulted in
a significant increase in their number of frequent-final responses (y*(1, N = 43) = 9,
2 =.003). A similar increase in frequent-final responses obtained in the comparison
of the two groups of L1Spanish bilinguals (y°(1, N = 37) = 5, p = .003). The addi-
tion of prosodic cues modulated hence the bilinguals’ parsing preferences of the am-
biguous AL.

https://doi.org/10.1387/asju.25921
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36 L1Basque bilinguals L1Spanish bilinguals

[a*]
~1

Number of frequent-final
responses (out of 36)
© @
o
2

0 - f
Frequency ‘Frequency-only Frequency *Frequency-only
and prosody and prosody

¥ Frequency and prosody # * Frequency-only

Number of frequent-final
responses (out of 36)
) &
l
|
!
b
0

2

L1Basque L1Spanish

* Frequency-only groups from De la Cruz-Pavia e al. (2022).

Figure 2
Parsing preferences of the structurally ambiguous ALs. The bar graphs with standard error
(top) and the boxplots (bottom) depict the mean number and distribution of frequent-
final responses out of the 36 test trials, in the two groups of Basque-Spanish bilinguals
(L1 Basque and L1 Spanish) exposed to concurrent frequency and prosodic cues (coral)
and the two similar groups presented only with frequency in de la Cruz-Pavia ez a/. (2022)
(grey). A mean below 18 (chance) indicates a frequent-initial segmentation preference,
whereas a mean above 18 indicates a frequent-final segmentation preference

4. Discussion

The present study examined the relative weight of phrasal prosody within the hi-
erarchy of speech segmentation cues available to adult bilinguals. To that end, we
presented Basque-Spanish bilinguals, that is, speakers of an OV and a VO language,
with a structurally ambiguous AL enriched with the prosodic cue associated to OV
languages, namely a contrast in pitch in which the element receiving prominence in

a phrase has higher pitch).
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The AL, originally designed by de la Cruz-Pavia ez al. (2022), consisted of strictly
alternating frequent and infrequent elements, mimicking the frequency distribution
of functors and content words in natural languages. Because OV-VO bilinguals are
exposed to both functor-initial and functor-final structures in their input, this fre-
quency information was ambiguous for our participants. The AL was built only with
phonemes shared by the Spanish and Basque inventories, and was synthesized using
a Spanish voice. De la Cruz-Pavia ez al. (2022) showed that, in the absence of pro-
sodic cues, this segmental information led Basque-Spanish bilinguals to parse the AL
into the frequent-initial order associated to their VO language, Spanish. De la Cruz-
Pavia and colleagues showed that the language of context additionally modulated
the parsing preferences of these bilinguals, as addressing them in their OV language,
Basque, significantly increased their preference for the frequent-final order associated
to OV, functor-final languages, as compared with addressing them in their VO lan-
guage, Spanish. While the language of context impacted bilinguals’ segmentation of
the AL, it did not override the frequent-initial bias created by its segmental informa-
tion. In the present study, we examined whether the addition of OV phrasal prosody
modulated or determined the bilinguals’ parsing preference of this AL, yielding a
greater frequent-final segmentation.

We tested two groups of highly proficient Basque-Spanish bilinguals that differed
in their native language —L1Basque-L2Spanish and L1Spanish-L2Basque speak-
ers— and addressed both groups in their respective L1. Analysis of their segmenta-
tion preferences revealed that the presence of OV prosody modulated their parsing
of the ambiguous AL. Thus, both groups of bilinguals exhibited a greater frequent-
final segmentation preference (order associated to OV languages), as compared with
two similar groups presented with a prosodically flat variant of the same AL (in
De la Cruz-Pavia ez al. 2022). However, phrasal prosodic cues did not determine the
segmentation patterns, as both groups still exhibited a frequent-initial parsing prefer-
ence (only marginally significant in the case of L1Basque bilinguals).

A single study to date had examined adult bilingual’s use of phrasal prosody in
speech segmentation. De la Cruz-Pavia, Werker ez al. (2020) observed that, when
addressed in their VO language (English) during the study, the presence of VO pros-
ody modulated adult OV-VO bilinguals’ parsing of a ambiguous AL similar to the
one employed in the present study. By contrast, the presence of OV prosody, in con-
flict with the language of context, did not. L1Basque bilinguals in the present study
were provided with congruent prosodic and context language cues (as they were ad-
dressed in their OV language, Basque during the study), both signalling a frequent-
final parse of the AL. These converging cues led, as predicted, to a greater frequent-
final segmentation preference. Integration of these two cues did however not suffice
to overcome the frequent-initial bias created by segmental information. This pattern
of results provides thus further evidence of the hierarchical organisation of the phrase
segmentation cues available to adult bilinguals, and reveals that segmental cues are
more heavily weighed than prosody and language of context (even when combined).

The results in de la Cruz-Pavia, Werker, ez al. (2020), in which the presence of
OV prosody did not modulate the bilinguals’ parsing of the AL when addressed
in their VO language, led us to predict that OV prosody would not modulate
the parsing preference of the present study’s group of L1Spanish-L2Basque bilin-
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guals either, as they were also addressed in their VO language, Spanish, during the
study. Contrary to prediction, the L1Spanish bilinguals chose a greater number of
frequent-final items when exposed to OV prosody, as compared with the group of
L1Spanish bilinguals exposed to prosodically flat variant in de la Cruz-Pavia ez al.
(2022). That is, while the presence of OV prosody did not modulate the parsing
preference of English-OV bilinguals, it increased the L1Spanish-L2Basque bilin-
guals’ preference for a frequent-final order, despite the fact that both groups of bi-
linguals were addressed in their VO language during the study. The origin of this
discrepancy is unclear. However, we speculate that it might result from a meth-
odological difference between the two studies. In de la Cruz-Pavia, Werker, et al.
(2020), the familiarization stream was enriched with OV prosody, while test items
were presented prosodically flat (that is, they had a constant pitch of 100 Hz). By
contrast, both familiarization stream and test items carried a pitch contrast in the
present study. The presence of pitch cues in test might thus have heightened our
participants’ sensitivity or use of this source of information. An experiment present-
ing Basque-Spanish bilinguals with prosodically flat test stimuli is pending, to put
this hypothesis to test.

To conclude, the results of the present study confirm that phrasal prosody is an
available cue to phrase boundaries for adult listeners, here specifically bilinguals, and
show that prosody is a less weighed cue than the segmental information contained
in the input. This research contributes new evidence of the hierarchical arrangement
of phrase segmentation cues, and reveals an organisation that tallies with the one at-
tested in the segmentation of smaller units, as segmental cues have also been found
to outweigh prosodic information in word segmentation (Mattys et al. 2005).
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