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Abstract: Prominent sociolinguistic theories of language mixing have posited that single-word inser-
tions of one language into the other are the result of a distinct process than multi-word alternations
between two languages given that the former overwhelmingly surface morphosyntactically inte-
grated into the surrounding language. To date, this distinction has not been tested in comprehension.
The present study makes use of pupillometry to examine the online processing of single-word
insertions and multi-word alternations by highly proficient Spanish-English bilinguals in Puerto
Rico. Participants heard sentences containing target noun/adjective pairs (1) in unilingual Spanish,
(2) where the Spanish noun was replaced with its English translation equivalent, followed by a
Spanish post-nominal adjective, and (3) where both the noun and adjective appeared in English with
the adjective occurring in the English pre-nominal position. Both types of language mixing elicit
larger pupillary responses when compared to unilingual Spanish speech, though the magnitude of
this difference depends on the grammatical gender of the target noun. Importantly, single-word
insertions and multi-word alternations did not differ from one another. Taken together, these findings
suggest that morphosyntactic integration is not the defining feature of single-word insertions, at least
in comprehension, and that the comprehension system is tuned to the distributional properties of
bilingual speech.
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1. Introduction

One goal of sociolinguistic approaches to the study of bilingualism has been to dis-
tinguish instances of codeswitching—broadly construed as the fluid use of two or more
languages within a single utterance or linguistic unit—from other contact-induced phe-
nomena. Numerous models (Myers-Scotton 1993), constraints (Bhatt and Bolonyai 2011),
hypotheses (Poplack et al. 1988; Backus 2014), and typologies (Muysken 2000, 2013) have
been proposed that attempt to define and delimit codeswitching. Despite a large body
of literature and voluminous scholarly activity on the subject, however, researchers have
yet to agree upon a single definition of codeswitching and on whether it is qualitatively
different from other language contact phenomena (Poplack 2018, p. 1). This is perhaps
most evident with respect to the status of single-word insertions (i.e., lone other-language
items, henceforth, LOLIs) of one language into another. A decades-long debate has been
waged over whether such insertions constitute bona fide codeswitches, or whether they are
the result of a distinct process (Poplack and Sankoff 1984; Poplack et al. 1988; Sankoff et al.
1990; Poplack 2012).

First proposed by Poplack et al. (1988), the nonce borrowing hypothesis posits a cate-
gorical distinction between LOLIs and multi-word alternations where the two languages
are morphosyntactically distinct. In this approach, the latter constitute codeswitches, while
the former are termed nonce borrowings or “spontaneous borrowings [that] assume the
morphological and syntactic identity of the recipient language prior to achieving the social

Languages 2022, 7, 267. https:/ /doi.org/10.3390/languages7040267

https://www.mdpi.com/journal/languages



Languages 2022, 7, 267

20f19

characteristics of established loanwords [emphasis original]” (Poplack 2012, p. 645). Thus,
the defining characteristic of a nonce borrowing is its morphosyntactic integration into the
surrounding other-language context, a feature that distinguishes it from codeswitching—
defined by Poplack as “the juxtaposition” of elements from two languages that retain the
morphosyntactic characteristics of their lexifier language (Poplack 1993, p. 355). This dis-
tinction between codeswitches and nonce borrowings proposed by Poplack and colleagues
is not without criticism: some researchers posit that LOLIs and multi-word alternations
are the result of the same fundamental process (Myers-Scotton 1993, pp. 205-7) while
others argue against the spontaneity of nonce borrowings and in favor of a continuous
approach driven by factors such as frequency (Stammers and Deuchar 2012) and saliency
(Backus 2014). To avoid confusion, we will adopt the term language mixing as an umbrella
term referring to any instances in which a bilingual uses their two languages within the
same utterance or conversation (both LOLIs and multi-word alternations thus fall into
this category).

To date, most studies of LOLIs have been conducted solely on corpus data, but
psycholinguistic studies examining LOLIs remain scant (though see Johns et al. 2019 for
one example, as well as Tsoukala et al. 2021 for a computational approach.). This is due,
in part, to the differing questions that drive each field of research: while sociolinguistic
approaches seek to understand the social and structural factors that constrain language
mixing, psycholinguistic approaches have focused on the cognitive mechanisms underlying
bilingual language control. This division is not absolute, however, nor are the questions
themselves unrelated to one another. For example, recent psycholinguistic models such
as the Production-Distribution-Comprehension (MacDonald 2013) and the P-Chain (Dell
and Chang 2014) models posit an intimate link between the distributional properties of
the input and the processing strategies individuals adopt in order to comprehend it. As
such, there has been a recent push to bring psycholinguistic data to bear on sociolinguistic
models of language mixing and vice versa (Han et al. 2022; Tomi¢ and Kaan 2022; Gosselin
and Sabourin 2021; Johns and Steuck 2021; Kheder and Kaan 2021; Kroll et al. 2021; Beatty-
Martinez et al. 2020; Beatty-Martinez and Dussias 2017). With respect to LOLIs, this is of
particular importance given that sociolinguistic proposals such as the nonce borrowing
hypothesis make explicit claims about the cognitive mechanisms underlying LOLIs vis a
vis multi-word alternations (Poplack and Dion 2012, p. 309).

The present study builds upon the growing body of literature linking the social and
cognitive aspects of language mixing (e.g., Johns et al. 2019; Beatty-Martinez and Dussias
2019; Valdés Kroff et al. 2017; Guzzardo Tamargo et al. 2016; Hofweber et al. 2016) and takes
a first step at systematically comparing LOLIs to multi-word alternations during online
comprehension in highly proficient early Spanish-English bilinguals. The study presented
here also makes use of a methodology relatively new to the study of sentence processing—
pupillometry—to test predictions about the cognitive architecture of bilingualism derived
from the sociolinguistic literature on codeswitching. Before describing the present study, we
discuss in more depth the nonce borrowing hypothesis, and provide justification for why
studying this linguistic behavior through the lens of language comprehension—despite it
being a bilingual speech production phenomenon—is a suitable and desirable step.

Before discussing the literature surrounding LOLIS, it is first important to describe
the terminology used in this paper. First, we use the term ‘lone other-language item’,
or LOLI, to describe single-word insertions of one language into another. This term is
purely descriptive and is not intended to convey any theory-specific information. This is in
contrast to the term ‘nonce borrowing’, which refers specifically to the theoretical concept
put forward by Poplack and colleagues (Poplack et al. 1988; Sankoff et al. 1990; Poplack
2012; Poplack and Dion 2012). We also use multi-word alternations (henceforth, MWA) to
describe one of our experimental conditions (see Section 3.2) where the sentence starts in
Spanish but finishes in a multi-word stretch of English. Lastly, while the terms ‘single-word
insertion” and ‘multi-word alternation’ are based loosely on Muysken’s (2013) typology of
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language contact phenomenon, we again opt for the terms LOLI and MWA as descriptive,
rather than theoretical, terms.

2. Background
2.1. Lone Other-Language Items

The first large-scale comprehensive analysis of LOLIs was conducted by Poplack et al.
(1988) on the spontaneous speech of 120 French-English bilinguals in the Ottawa-Hull
region of Canada. The resulting two-million-word corpus yielded nearly 20,000 instances
of single English-origin insertions occurring in otherwise French speech. While these inser-
tions constituted less than one percent of all words in the corpus, the authors were surprised
to find that their behavior was largely homogenous. For example, English-origin nouns
uttered at least twice in the corpus were consistently assigned French grammatical gender
and surfaced with near ubiquitous use of the French null plural affix. Likewise, all but
ten of the 20,000 English-origin insertions appeared in syntactic positions congruent with
French and incongruent with English. Thus, despite their English origin, these LOLIs—be
they hapax legomena or highly frequent—overwhelmingly surfaced with French mor-
phosyntactic features “starting quite early, that is, as soon as minimal frequency of use can
be detected” (ibid. p. 67). The authors termed this process nonce borrowing, referring to the
“abrupt and categorical” morphosyntactic integration observed for such items that liken
them to established loanwords (Poplack 2012, p. 645; Sankoff et al. 1990, p. 64). Similar
patterns of nonce borrowing have been argued for lone English-origin insertions in Tamil
(Sankoff et al. 1990), Turkish (Adalar and Tagliamonte 1998), Ukrainian (Budzhak-Jones
1998), Igbo (Eze 1998), Persian (Samar and Meechan 1998), Acadian French (Turpin 1998),
Korean (Shin 2002), and Spanish (Torres Cacoullos and Aaron 2003), demonstrating the
pervasive nature of this phenomenon across bilingual speech. Indeed, LOLIs have been
shown to be “by far the predominant manifestation of bilingual mixing in every language
pair empirically studied” (Poplack and Dion 2012, pp. 280-81)—be they morphosyntac-
tically integrated or instances of a community-specific bilingual strategy (e.g., the use of
kinship terms from English in otherwise Spanish utterances; see Aaron 2015). These LOLIs
of one language into an utterance of the other language have been given the umbrella term
of lone other-language items (LOLIs).

The nonce borrowing hypothesis not only makes predictions about the morphosyntac-
tic features of LOLIs; it also provides a cognitive rationale for why speakers opt for such a
strategy in the first place:

“We can only speculate that speakers eschew code-switching single words, in the
sense of switching both lexicons and grammars (as they do when engaging in
multiword code-switching), because the cognitive and processing costs of doing
so for a lone other-language item are appreciably greater than those incurred by
simply allowing the already activated grammar to continue operating, handling
native and etymologically foreign forms in the same way.” (Poplack and Dion
2012, p. 309)

In other words, Poplack and Dion (2012) argue that codeswitching requires that both
the lexicons and grammars are switched, while for LOLISs, it is only the lexicon that is
switched (to insert the lexical item from the other language) while the grammar of the
recipient language remains active. Because only the lexicon is switched, the LOLI adopts
the morphosyntactic properties of the recipient language, which serves as a facilitative
mechanism to avoid the purportedly cognitively demanding process of switching both
lexicon and grammar for only one word, and the concomitant costs.

While evidence exists for these so-called switch costs (e.g., Meuter and Allport 1999;
Costa and Santesteban 2004; Hernandez et al. 2001; Bobb and Wodniecka 2013; Bultena et al.
2015a, 2015b, among many others), recent studies have cast doubt on the idea that switching
languages, particularly voluntarily or spontaneous language-switching, necessarily incurs
processing costs. For example, Blanco-Elorrieta and Pylkkdnen (2017, p. 17) found that
both behavioral costs and neural effects in the executive control network were eliminated



Languages 2022, 7, 267

40f19

when participants voluntarily switched languages (see also Gollan and Ferreira 2009).
Similar findings have been found during reading, both at the sentence level (Dussias 1997;
Gullifer et al. 2013) and with respect to LOLIs (Johns et al. 2019) as well as in spontaneous
production (Johns and Steuck 2021).

In light of these recent findings, the present study seeks to determine if LOLIs incur
similar processing demands when compared to multi-word codeswitches, or if the mor-
phosyntactic integration of LOLIs distinguishes them from multi-word codeswitches. For
reasons that will be discussed below, we opt to examine comprehension as opposed to
production to better measure the cognitive difficulty of these respective categories during
online processing. To accomplish this, 58 highly proficient early Spanish-English bilinguals
listened to unilingual Spanish sentences and sentences containing LOLIs and multi-word
alternations while pupil size—an indicator of cognitive load—was recorded.

2.2. How Production Shapes Comprehension

The nonce borrowing hypothesis makes predictions about the cognitive difficulty
associated with switching languages based on data from spontaneous bilingual produc-
tion; however, it is currently unclear how to accurately measure cognitive load online
during spontaneous production. The difficulty in assessing cognitive load during bilingual
production is further compounded by potential confounds related to ecological validity,
naturalness, and volition. Measuring cognitive load during language comprehension,
however, has proven to be not only fruitful in understanding the relationship between a
bilingual’s two languages and the cognitive mechanisms that regulate them, but also in
examining the relationship between production and comprehension.

Mounting evidence has shown an intimate connection between production patterns
and comprehension strategies, particularly with respect to codeswitched speech. One influ-
ential model that has sought to capture this relationship is MacDonald’s (2013) Production-
Distribution-Comprehension (PDC) model. The PDC argues that cognitive limits on lan-
guage planning and production, such as those related to memory and retrieval, shape
the distributional properties of language. Comprehenders adapt to these distributional
properties, with comprehension facilitated when the input matches what is expected based
on prior experience, and impaired when it does not. As MacDonald (2013, p. 1) states:

“In language ... the input to the perceiver is itself the consequence of language
behavior—it is the utterances produced by other language users, who have their
own cognitive systems presumably shaped by their own experiences.”

For example, object relative clauses are less frequent in speech than subject relative
clauses, and generally more difficult to process (Traxler et al. 2002). However, when given
greater exposure to object relative clauses, comprehenders process them similarly to subject
relative clauses (Wells et al. 2009). This example demonstrates how comprehension is
guided in large part by an individual’s experience with language production.

The connection between distributional patterns in production and comprehension strate-
gies has also been attested when examining codeswitched speech. Guzzardo Tamargo et al.
(2016) analyzed a corpus of spontaneous Spanish-English bilingual speech and found that
switches between the Spanish progressive auxiliary estar ‘to be” and an English gerund
(e.g., estdn cleaning, ‘they are cleaning’) are much more frequent than structurally similar
switches between the Spanish perfect auxiliary haber ‘to have’ and an English participle
(e.g., han cleaned, ‘they have cleaned’). The authors then asked whether this production
asymmetry was reflected in individuals” online processing of these two different types
of switches. Using eye-tracking, the authors found significantly longer reading times in
the codeswitched perfect construction than the codeswitched progressive construction,
confirming that the production asymmetry found in spontaneous speech was reflected in
individuals” online processing.

Similar patterns have been attested when Spanish-English bilingual code-switchers
process a mixed noun phrase composed of a Spanish determiner followed by an English
noun. Corpus studies have reported a so-called “masculine default strategy,” which is
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characterized by an overwhelming tendency for speakers to use the masculine Spanish
determiner el in conjunction with an English noun, regardless of the gender of its Span-
ish translation equivalent (Herring et al. 2010; Valdés Kroff 2016; Cruz 2021). Take, for
example, this utterance from the Bangor Miami corpus of Spanish-English bilingual speech
(Deuchar et al. 2014):

pero no tenian el flag out there?
‘but they didn’t have the flag out there?’ (sastre9.fem2)

In this example, the English word flag translates into Spanish as the feminine noun la
bandera, but nonetheless is uttered with the masculine determiner el. Following up on these
findings in spontaneous production, Valdés Kroff et al. (2017) used a visual world paradigm
to examine monolingual and bilingual speakers” ability to use grammatical gender encoded
in Spanish determiners to predict an upcoming noun. In this task, participants saw two-
picture displays where both pictures could represent objects with the same grammatical
gender in Spanish (e.g., both masculine or both feminine; the “same-gender condition”)
or with different genders (e.g., one masculine and one feminine; the “different-gender
condition”). In the different-gender condition, the authors predicted that participants
would look to the target item sooner upon hearing the determiner (el or la). This is so
because it is in this condition that the gender information in the determiner is informative
(i.e., participants do not need to wait until they hear the target noun to direct their gaze to
it). While this was the case for the monolingual Spanish speakers, who showed facilitation
for both the masculine and feminine determiners in the different-gender condition, the
bilingual speakers with experience with codeswitching showed facilitation with feminine
determiners but not with the masculine ones. The authors attributed this finding to the
bilinguals” experience with codeswitching, and in particular with their experience using
the masculine determiner a as default form.

Lastly, Johns et al. (2019) sought to determine how presenting codeswitched stim-
uli separately from Spanish and English unilingual stimuli vis a vis presenting them
interleaved with unilingual stimuli affected online processing. The authors found that
presenting both codeswitched and unilingual stimuli together in the same experimental ses-
sion facilitated the processing of LOLIs compared to presenting them independently from
unilingual stimuli. They argued that this is due to the overall distribution of codeswitching
in spontaneous speech: it is unlikely for a bilingual to encounter long stretches of speech
where every utterance contains a codeswitch, as evidenced by findings from corpus
data showing that in spontaneous speech, codeswitching is relatively infrequent (Torres
Cacoullos and Travis 2018; Guzzardo Tamargo et al. 2016, p. 142; Poplack et al. 1988, p. 57;
Aaron 2015, p. 461). Thus, given bilinguals’ experience with codeswitching as a relatively
bursty phenomenon (see Guzman et al. 2017), presenting codeswitch stimuli in a manner
congruent with the bilingual speakers’ prior experience facilitated processing.

This same reasoning—that distributional properties in the input in turn affect indi-
viduals’ online processing strategies—can be applied to the study of LOLIs, allowing us
to test predictions based on production by examining comprehension. With respect to
LOLIs, spontaneous production data illustrate their predominance vis a vis other forms
of language mixing (Poplack and Dion 2012, pp. 280-81) and their overwhelming ten-
dency to appear morphosyntactically integrated. If morphosyntactic integration serves a
facilitative role in production, then the sheer frequency of its usage should lead to similar
facilitative effects in comprehension. Likewise, the nonce borrowing hypothesis makes
specific predictions about the difficulty associated with LOLIs and multi-word alternations:
while the former “involves recourse to one grammar only, that of the recipient language”
(Torres Cacoullos and Aaron 2003, p. 289), the latter requires “switching both grammars
and lexicons” (Poplack and Dion 2012, p. 309), a process which is assumed to be more
cognitively demanding. Because it is currently unclear how to accurately measure cognitive
load online during spontaneous production, we turn to comprehension as a means to
understand the cognitive difficulty associated with LOLIs and multi-word alternations.



Languages 2022, 7, 267

6 of 19

2.3. Using Pupillometry to Assess Online Processing

To measure cognitive load during online language comprehension, the present study
makes use of a technique relatively new to the language sciences: pupillometry. Psycho-
logical and neurological work over the past several decades has shown that the pupillary
response is linked not only to changes in ambient luminance, but also to aspects of the
sympathetic nervous system (Goldwater 1972) as well as the locus coeruleus and the nore-
pinephric system (LC-NE; Samuels and Szabadi 2008; Aston-Jones and Cohen 2005). The
LC-NE has been associated with memory retrieval (Beatty and Kahneman 1966; Attar et al.
2013), selective attention (Foote and Morrison 1987), and arousal (Bradshaw 1967). For
example, when selective attention is engaged either due to increased cognitive demands or
attentional requirements, the pupil involuntarily dilates due to its connection to the LC-NE.
Recently, pupillometry has been applied to a variety of language-related processes, such
as effortful speech processing (Kuchinsky et al. 2013), lexical retrieval (Schmidtke 2014),
bilingual cognate facilitation (Guasch et al. 2017), and the processing of language mixing
(Byers-Heinlein et al. 2017), highlighting its sensitivity to a variety of language processing
phenomena (see Schmidtke 2018). Under this approach, an increase in pupil size with
respect to a particular linguistic stimulus is assumed to be indicative of greater cognitive
load resulting from an increase in the allocation of attentional resources (Gabay et al. 2011;
Alnees et al. 2014).

While sparse, there exist some prior studies that use pupillometry to examine bilingual
language processing. For example, Byers-Heinlein and colleagues (2017) used pupillometry
to assess how bilingual infants process nouns of one language in a carrier phrase of the other
language (e.g., “Find the chien!”, “find the dog’). They found increased pupil sizes compared
to a unilingual condition when the carrier phrase was in the dominant language and the
target noun was in the non-dominant language, but no changes in pupil size when the
carrier phrase was in the non-dominant language and the target in the dominant language.
More recently, Beatty-Martinez and colleagues (2021) used pupillometry to investigate how
different types of bilingual process language-mixed speech. In their study, the authors
found that bilinguals who tend to keep their languages to separate communicative contexts
showed larger pupil responses to language-mixed stimuli, while bilinguals who tend to
mix languages more frequently showed no difference.

3. Materials and Methods
3.1. Participants

Sixty-eight early Spanish-English bilinguals from the University of Puerto Rico, Rio
Piedras campus were recruited for this study, with eight being excluded as they were
unable to complete both sessions of the experiment and two being excluded due to missing
and/or corrupted data. Fifty-eight participants were thus included in the analyses. All
participants completed a detailed language history questionnaire that asked about all
languages the participants know or were learning, how often each was used and in which
contexts (e.g., with friends, at home, at school), self-rated proficiency in each language,
and self-reported codeswitching tendencies. Participants were highly proficient in both
languages (see Table 1). All participants reported regularly engaging in codeswitching,
self-reporting their highest use of codeswitching in their free time (7.27/9, where 9 indicates
‘Always’), followed by at home (6.89/9), school (6.87/9), and work (4.66/9). Participants
also completed a lexical decision task as an online measure of lexical access in both English
and Spanish. Participants saw 100 letter strings in English and Spanish, each language
presented in its own block, consisting of 50 real words and 50 pseudowords that were
phonotactically legal in their respective language (e.g., English: veem, Spanish: panselo).
Pseudowords were created in Wuggy (Keuleers and Brysbaert 2010). Participants were
instructed to indicate, as quickly and accurately as possible, if the letter string was a real
word of English or Spanish (depending on the block). The dprime function in the psycho
package (v. 0.5.0; Makowski 2018) was used to calculate d-prime scores for each language
and are presented in Table 1. Of the self-rated proficiency measures and the d-prime scores,
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two-sample paired t-tests revealed participants rated themselves more proficient in Spanish
for self-rated speaking, reading, and understanding abilities. There were no differences for
self-rated writing abilities nor for d-prime scores.

Table 1. Self-rated proficiency and lexical decisions scores (standard deviations in parentheses).

Speaking Reading Writing Understanding  D-Prime
English 8.93/10 9.24/10 8.81/10 9.43/10 3.27
(0.88) (0.84) (1.22) (0.82) (0.64)
Spanish 9.41/10 9.52/10 9.00/10 9.71/10 3.16
(0.79) (0.73) (1.15) (0.56) (0.58)
p-value <0.01* 0.01*% 0.18 <0.01 % 0.28

Note: “*” refers to p < 0.05

3.2. Stimuli

Experimental stimuli consisted of a noun/adjective pair that always appeared at the
end of the sentence. This site was chosen given the differing word orders between English
and Spanish: while English adjectives are prenominal, Spanish adjectives are largely post-
nominal (e.g., “el gato perezoso”, literally ‘the cat lazy’). As a result, morphosyntactically
integrated lone English nouns would surface with post-nominal Spanish adjectives (“el
cat perezoso”) while multi-word alternations would preserve the English pre-nominal
word order (“el lazy cat”). A total of 90 Spanish nouns, each matched with a unique
Spanish adjective, were selected. Half of the nouns were masculine, and the other half were
feminine. The 90 noun/adjective pairs were divided into three lists of 30 items, with nouns
matched by frequency between the three lists (A vs. B: t =0.28, p =0.78; Avs. C: t =0.57,
p=057;Bvs. C:t=0.31,p = 0.76). Frequencies were taken from the Puerto Rico sub-section
of the Corpus del espafiol (Davies 2016). Lastly, the noun/adjective pair appeared half the
time as the direct object of the main verb (e.g., El novio le regalé unas pantallas plateadas,
‘the boyfriend bought him /her some silver earrings’) and half the time in a prepositional
phrase that was an adjunct of the main verb (e.g., Los prisioneros querian escaparse de la circel
segura, ‘the prisoners wanted to escape from the safe prison’)’.

Experimental stimuli appeared in three conditions: the Unilingual Spanish condition,
where the entire sentence was presented in Spanish (“el ladrén rob6 el anillo brillante”, ‘the
robber stole the shiny ring’); the lone other-language item (LOLI) condition, where the target
noun was replaced with its English translation equivalent (“el ladrén robé el ring brillante”);
and the multi-word alternation (MWA) condition, where the entire noun/adjective pair
was replaced with its English equivalent (“el ladrén rob6 el shiny ring”). Within each
condition, half of the items had feminine target nouns and half had masculine target nouns;
in addition, half had the target noun/adjective pairs as a direct object of the main verb and
half in a prepositional phrase that was an adjunct to the main verb.

For both the LOLI and MWA conditions, the gender of the preceding determiner was
always congruent with the Spanish translation of the target noun. In other words, when
the Spanish translation of the English target noun was masculine, it was preceded by a
Spanish masculine determiner; if the Spanish translation was feminine, it was preceded
by a Spanish feminine determiner. Note that, while infrequent, the Spanish feminine
determiner is used with English nouns whose Spanish translation equivalent is feminine
(e.g., Valdés Kroff 2016; Cruz 2021). In addition, Beatty-Martinez and Dussias (2017,
p- 179) found no differences in the processing of English nouns whose Spanish translation
equivalent was feminine (e.g., “spoon”, ‘la cuchara’) when preceded by a feminine versus a
masculine determiner (e.g., “la spoon” versus “el spoon”). Given this, we chose to keep
the determiner congruent with the gender of the Spanish translation equivalent in order to
compare the more frequent use of the masculine determiner with a following English noun
to the less frequent feminine determiner. This was also done to determine if the gender
of the determiner interacted with morphosyntactic integration across the LOLI and MWA
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conditions. Example stimuli are given in Table 2, and a full list of stimuli is available as
Supplementary Materials.

Table 2. Example stimuli.

Gender Condition Pre-Target Target
Unilingual pantallas plateadas. !
Feminine LOLI El novio le regal6 unas earrings plateadas
MWA silver earrings.
Unilingual anillo brillante. 2
Masculine LOLI El ladrén robo el ring brillante.
MWA shiny ring.

! “the boyfriend bought him /her some silver earrings’; 2 ‘the thief stole the shiny ring’.

Stimuli were recorded by a native Puerto Rican Spanish-English bilingual codeswitcher
using a Shure SM35 head-worn condenser cardioid microphone and were normalized for
intensity using Praat (Boersma and Weenink 2022). Language-mixed stimuli were not
spliced, instead produced as-is by the speaker in order to avoid any unnatural-sounding
artefacts that may influence comprehension, given that speakers have been shown to
produce cues as to an upcoming switch in languages (e.g., Fricke et al. 2016). The speaker
was instructed to produce the stimuli as she normally would were she speaking with
another Spanish-English bilingual codeswitcher, with the caveat that the English elements
should be produced with English-like qualities. In other words, we asked that the speaker
pronounce, e.g., ‘silver” as close to [sitva] as possible, as opposed to [silver] with Spanish-
like qualities.

Participants were presented with 30 experimental items from each of the three condi-
tions for a total of 90 experimental items. Each participant thus heard all 90 adjective/noun
pairs only once Items were counterbalanced across participants such that, while all 90
noun/adjective pairs occurred in all three conditions, a given participant heard each
noun/adjective pair in only one of these conditions. An additional 120 filler items were cre-
ated and recorded by the same speaker and were randomly interspersed with experimental
items. Half of the filler items were in unilingual Spanish and half contained multi-word
alternations that did not occur at the same site as those in the experimental items. Filler
items were designed to be structurally similar to the experimental items, e.g., consisting of
a subject, noun, and object (or optional adjunct). Example filler items are given in Table 3.

Table 3. Example Filler Items.

Unilingual Fillers Codeswitched Fillers

El pintor abri6 el cuaderno para dibujar.  El entrenador hizo el ejercicio with the whole class.
“The painter opened the notebook to draw.”  ‘The trainer did the exercise with the whole class.’
La investigadora trabajadora encontré
la evidencia. La voluntaria compro los juguetes for the child.
‘The hardworking investigator found “The volunteer bought the toys for the child.’
the evidence.’

Stimuli were pseudorandomized such that a maximum of two experimental stimuli
could occur in succession and were presented in two sessions that occurred on two sep-
arate days: the first session consisted of 30 unilingual stimuli along with 60 unilingual
filler items, while the second session consisted of 30 LOLI stimuli, 30 MWA stimuli, and
60 codeswitched fillers. The first session also included an additional 30 items that were
analyzed for a different experiment but are not included in the present study (see Johns
and Dussias 2021). The time between sessions could vary but maximally took place within
3 days of each other. Separating the unilingual stimuli and the language-mixed stimuli
into two sessions was done to isolate any effects of the language-mixed stimuli from the
unilingual stimuli, providing a more stable baseline condition representative of a unilingual
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‘mode’ of discourse (Green and Abutalebi 2013; Green and Wei 2014). Nonetheless, separat-
ing stimuli in this way is not entirely reflective of spontaneous production (e.g., Johns et al.
2019); we return to this issue and its ramifications in the discussion.

3.3. Design

Each trial consisted of the following (see Sirois and Brisson 2014; Schmidtke 2018 for
details regarding constraints in designing pupillometric studies):

1. A 1000 ms neutral period without audio displaying a drawing of an ear in a central
300-by-300-pixel interest area.

2. The stimulus, which began playing after the 1000 ms baseline period; the drawing of
the ear remained on-screen such that the luminance did not change.

3. The target period, beginning at the onset of the target noun/adjective pair and ex-
tending 3000 ms; the drawing of the ear remained on-screen.

4. The cue to repeat the sentence aloud, beginning after the 3000 ms offset period and
indicated by the drawing of the ear changing to the drawing of a mouth.

Participants were asked to repeat the sentence allowed when cued for two reasons:
first, it ensured that the participants were attending to the stimuli; second, the pupillary
response is strongest when the participant must make an overt response, be it oral or
behavioral (Sirois and Brisson 2014). Figure 1 illustrates the trial design. For filler items,
which did not contain a target, the image of the ear remained on screen for 2000 ms after
the sentence finished playing.

L6 NG 16 R

< 1000 ms = I 1 € 3000 ms > Cue to Repeat
|‘))) -|||||-|- -|||||-|- -|||||-|- -|||||-|--|||||-|- -|||||-|- -|||||-|-
1 1

Sentence Begins Target Begins

Figure 1. Trial Design.
3.4. Procedure

Participants were seated in a quiet room with a steady light source. Each session
began with informed consent, followed by the eye-tracking task. Data were collected on an
EyeLink Portable Duo eye-tracker (SR Research) recording at 1000 Hz in head-stabilized
mode using the right eye pupil and corneal reflection. Participants first completed a brief
practice followed by two experimental blocks of 30 experimental items and 30 filler items
each. Participants were encouraged to take a break between each block. Calibration was
performed before the practice and before the start of the second block (maximum error < 1.0
degrees; average error < 0.5 degrees). After the eye-tracking task, participants completed
the language history questionnaire and the lexical decision task. For the lexical decision
task, the order of the blocks (English, Spanish) was counterbalanced by participant. At the
end of each session, participants were paid at a rate of 10 USD/hour. A short debriefing
was also held at the end of the second session.

3.5. Data Pre-Processing and Cleaning

Data were extracted using SR Research DataViewer (v. 4.2.1) using a ‘“Time Course
(Binning) Analysis’ with the interest period beginning 300 ms pre-stimulus onset and
ending 3000 ms post-stimulus onset. Data were automatically binned into 20 ms time bins,
and the following variables were extracted for each bin:

1.  The average right-eye pupil size across all non-blink samples.
2. The average right-eye x- and y-gaze position across all non-blink samples.
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The proportion of samples that were in a blink event.

The proportion of samples that were in a saccade event.

The proportion of samples that fell in the central interest area.

The proportion of samples that fell outside of the central interest area.
The proportion of samples that fell off-screen.

N U W

The average pupil size in the 300 ms pre-stimulus onset period was used to baseline
correct the pupil size during the 3000 ms post-stimulus onset period. Baseline correction
was performed by subtracting each trial’s average pupil size in the pre-stimulus onset
period from the average pupil size in each bin of the post-stimulus onset period (see van
Rij et al. 2019, pp. 3-6). Trials where the total proportion of samples that occurred in a
blink or saccade event or outside of the central interest area exceeded 25% in either the
pre-stimulus onset or post-stimulus onset period were excluded from further analysis,
resulting in 10.33%? of trials being excluded. The final dataset consisted of 5611 trials of the
original 6959.

3.6. Analysis

Pupil size was modeled as a time-dependent variable using generalized additive
mixed-effects models (GAMMSs) with the bam function in the mgcv package (v 1.8-40;
Wood 2011; see also Wood 2017 for a comprehensive overview) in R (v 4.1.3; R Core Team
2022). Conditions were modeled using ordered factor difference smooths (Wieling 2018),
which allow distinguishing between differences in both the intercept (i.e., height of the
curve) and trajectories (i.e., the shape of the curve) across conditions. The model also
contained a smooth term capturing the interaction between the x- and y-gaze positions,
used to account for the effects of gaze position on pupil size (Gagl et al. 2011), as well as
random reference/difference smooths by participant and by item (Soskuthy 2021, p. 14).
The ordered factor difference smooths were constructed in order to compare the effects of
gender (masculine vs. feminine) across the three main conditions (unilingual Spanish, LOLI,
and MWA). In order to obtain all of the necessary comparisons across these conditions, the
model was subsequently releveled.

Model criticism was performed using the check function in the mgcViz package (v
0.1.9, Fasiolo et al. 2020), and visualizations were performed using the itsadug package
(v 2.4, van Rij et al. 2020). All smooths were specified to use thin-plate regression splines,
and the model was specified with a scaled-t distribution. Lastly, an autoregressive-1 (AR-1)
model was included to account for autocorrelation in the residuals which is characteristic
of time-series data like the pupillary response (Baayen et al. 2022). A rho value of 0.95 was
found to sufficiently reduce autocorrelation (autocorrelation at lag 1 = 0.19). Full R code
can be found at https:/ /osf.io/2cbmd/; accessed on 31 July 2022.

4. Results

Table 4 below provides a summary of the significant effects, while Tables 52-S5 in the
supplemental materials provide detailed model summaries for the releveled model. Fitted
smooths are visualized in Figure 2, while estimated parametric (i.e., overall height) values
are presented in Figure 3. There were significant overall height differences for masculine
nouns when comparing the MWA and Unilingual conditions, and for feminine nouns
when comparing the LOLI and Unilingual conditions. In both cases, the MWA and LOLI
conditions elicited larger overall pupillary responses when compared to their respective
Unilingual conditions (see Figure 3). There was also a significant interactive parametric
effect of gender between the MWA and LOLI conditions. For masculine nouns, there are no
discernable differences in the overall height of the pupillary response between the MWA
and LOLI conditions. For feminine nouns, however, LOLIs elicit larger pupillary responses
than the MWA condition (see Figure 3). There were also significant non-linear differences
between the LOLI and Unilingual conditions for both masculine and feminine nouns. In
both cases, the LOLI condition elicited a more sustained pupillary response compared to
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the Unilingual condition, though this was more pronounced for feminine nouns due to the
additional difference in overall height (see Figure 2).

Table 4. Summary of significant effects.

Parametric Coefficients Estimate SE t-Value p-Value
MWA, M-Unilingual, M 13.399 6.145 2.181 0.029 *
LOLI, F-Unilingual, F 14.933 6.314 2.365 0.018 *
(MWA, F-M)—-(LOLL, F-M) —14.619 7.407 —1.974 0.048 *

Smooth Terms EDF Ref.df F-Value p-Value
LOLI M-Uni.,, M 8.310 10.746 2.136 0.015 *
LOLL F-Uni., F 7.772 10.105 2.262 0.012 *

Note: “*” refers to p < 0.05.
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Figure 2. Fitted smooths.
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Figure 3. Fitted parametric (intercept) values.

5. Discussion

Recall that prior research on LOLIs in spontaneous bilingual speech has posited that
LOLIs are less cognitively demanding to produce than multi-word alternations, particularly
when they are morphosyntactically integrated into the surrounding language (e.g., Poplack
and Dion 2012, p. 309). Considering that LOLIs are both the most frequent form of language
mixing and are overwhelmingly morphosyntactically integrated in production, it follows
that they should also exhibit some sort of facilitative benefits in processing when compared
to multi-word alternations, if at least because they are more frequent. The results of the
present study paint a more nuanced picture, however, where the processing of LOLIs
and multi-word alternations vis a vis unilingual speech is, in part, modulated by the
grammatical gender of the target noun (or its English translation equivalent).

To summarize the findings discussed above, masculine nouns in the MWA condition
elicited overall larger pupillary responses compared to the Unilingual condition, while
masculine nouns in the LOLI condition differed only in their trajectory when compared
to the Unilingual condition, eliciting larger pupillary responses towards the middle of the
epoch only (see Figure 2). For feminine nouns, only those in the LOLI condition differed
from the Unilingual condition, eliciting both a larger overall pupillary response as well as
a more sustained pupillary response towards the end of the epoch (see Figure 2). While
feminine nouns in the MWA condition did not differ from those in the Unilingual condition,
neither did they differ from feminine nouns in the LOLI condition.

With respect to the LOLISs, it is not surprising that feminine target nouns, preceded
by a feminine Spanish determiner, elicited overall larger pupillary responses compared
to masculine nouns, preceded by a masculine Spanish determiner. Recall that previous
research has established that switches between a Spanish determiner and an English noun
overwhelmingly surface with the masculine Spanish determiner—regardless of the gram-
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matical gender of the Spanish translation of the English noun—and that switches between
a feminine Spanish determiner and an English noun are rare (e.g., Valdés Kroff 2016;
though see Cruz 2021, who found higher rates in a Spanish-English bilingual community
in southern Arizona). This same asymmetry present in production has also been repli-
cated in comprehension, such that switches involving a masculine Spanish determiner
and an English noun are less cognitively demanding (or more expected) than switches
with a feminine Spanish determiner (see Beatty-Martinez and Dussias 2017, 2019 and
references therein). This same asymmetry surfaces in the present study with respect to
the overall height differences when comparing LOLIs to the Unilingual condition. This
is not to say, however, that masculine target nouns in the LOLI condition are processed
identically to their unilingual counterparts; rather, these items elicited a more sustained
pupillary response towards the middle of the epoch after the initial peak (approximately
1000-2000 ms post-stimulus onset). One reason for this sustained response may be due
to the post-nominal Spanish adjective that occurred after the English noun, which may
be unexpected. This unexpectedness may be driven by the frequency with which such
language mixes occur, as we discuss below.

For the multi-word alternations, target noun/adjective pairs preceded by a masculine
Spanish determiner elicit overall higher pupillary responses compared to the Unilingual
condition. When preceded by a feminine Spanish determiner, there are no differences be-
tween multi-word alternations and either the Unilingual or LOLI conditions. Numerically,
and as can be seen in Figure 2, multi-word alternations preceded by feminine Spanish
determiners do elicit marginally larger pupillary responses, however, and it is important
to note that they do not differ from those preceded by masculine Spanish determiners. At
first glance, it is unclear why multi-word alternations with masculine Spanish determiners
would elicit larger pupillary responses given that this is the preferred strategy used in
production. What differs, however, is the presence of the pre-nominal English adjective.

In one recent analysis of spontaneous Spanish-English bilingual production, Torres
Cacoullos and Vélez-Avilés (forthcoming) examined language mixing in adjective/noun
pairs in a Spanish-English bilingual community in northern New Mexico. The authors
found that lone item incorporation of nouns (e.g., “unas earrings plateadas”) and adjectives
(e.g., “unas pantallas silver”) was the most frequent form of language mixing, occurring
185 times in their sample of 527 language-mixed noun/adjective pairs. Of these, lone
English-origin nouns with post-nominal Spanish adjectives (“unas earrings plateadas”,
as in the present study) occurred 44 times. Alternations between a Spanish determiner
and an English adjective phrase (e.g., “unas silver earrings”, as in the present study) were
similarly as frequent as the lone English-origin nouns, occurring 38 times. Interestingly,
the authors also found that alternations that occurred at the phrasal boundary were more
frequent than both of these language mixes, occurring 157 times. In particular, utterances
such as “El novio le regal6 some silver earrings” were more frequent than both lone English
nouns and multi-word alternations after the determiner, occurring 70 times. While this
data ultimately comes from a different bilingual community than the one under study
here, it nonetheless highlights the importance of understanding the relative frequencies of
the different forms of language mixing that can occur between determiners, nouns, and
adjectives. Indeed, that these Spanish-English bilinguals from Puerto Rico are behaving
similarly to what was found in a different Spanish-English bilingual community highlights
the importance of incorporating corpus data in the study of bilingual language processing
to better understand cross-community generalizations that may exist.

With this in mind, it is plausible that the larger pupillary response observed for both
multi-word alternations and LOLIs preceded by masculine determiners is a reflection
of the relative frequencies with which these different types of language mixing occur in
spontaneous production and not of their morphosyntactic characteristics. For MWAs, a
phrase like “el ladron robo el shiny ring” may be less expected compared to, for example,
“el ladron robd the shiny ring”, with the determiner also in English. Similarly, the post-
nominal Spanish adjective in the LOLI condition may likewise be unexpected, with other
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noun/adjective combinations being preferred. Corpus data from spontaneous bilingual
Puerto Rican speech is necessary to support or refute this hypothesis. In the present
study, however, it is not possible to directly test these hypotheses because at least one
additional condition is needed: namely, where the switch occurs at the determiner rather
than after it, which may reflect the most common type of language mixing that occurs with
noun/adjective phrases in Spanish-English bilingual speech. In addition, this condition
is also more unambiguously English than the current MWA condition, where the English
adjective-noun pair is still headed by a Spanish determiner, which may lend some degree
of morphosyntactic integration. Future research will add this condition in order to more
directly test how the relative frequencies of these types of language mixing affect online
processing and if there are differences in the ‘degree” of morphosyntactic integration that
results from the use of an English, rather than Spanish, determiner.

Is Morphosyntactic Integration Enough?

To conclude this discussion, let us return to one of the primary questions of the present
study: does the morphosyntactic integration of LOLIs provide some sort of processing
benefit when compared to multi-word alternations? The findings discussed above do
not seem to support this hypothesis, given that reliable differences did not arise between
the LOLI and MWA conditions. In addition, when preceded by feminine Spanish deter-
miners, only LOLIs elicited significantly larger pupillary responses when compared to
the Unilingual condition. Taken together, the results of the present study suggest that
morphosyntactic integration is not the defining feature of LOLISs, at least with respect to
online processing. Rather, there instead may be a complex interaction between various
production strategies—e.g., the ‘masculine default strategy’, the phonetic realization of
the other-language material (Fricke et al. 2016), and the relative frequencies of switches
that occur at rather than after the determiner in noun/adjective language mixing—that
produce a graded rather than absolute difference between the different types of language
mixing explored in the present study. At least for comprehension, it does not appear that
MWAs incur any additional processing demands as a result of “switching both lexicons and
grammars” compared to LOLIs, as has been argued (e.g., Poplack and Dion 2012, p. 309).
Rather, the comprehension system may ultimately treat these two forms of language mixing
similarly. This suggests that the same underlying mechanism(s) may be involved for both
MWAs and LOLISs, in line with similar proposals put forward for production (e.g., Backus
2014; Grimstad 2017).

That there were no reliable differences between the LOLI and MWA conditions may
also speak to the control strategies that were employed by the listeners. Green (2018; see
also Green and Wei 2014) posits that bilingual speakers deploy different control modes
depending on how they use their two languages. When speaking one language, for example,
the other must be inhibited, resulting in a competitive control mode. When engaging in
language mixing, however, bilinguals may employ a coupled or cooperative control mode,
whereby control may be passed back-and-forth between the two languages as needed to
let elements from one language into an utterance of the other. Single-word insertions and
multi-word alternations may thus both rely on a coupled control mode, which would result
in similar processing.

Regardless of the underlying mechanisms, the findings of the present study prove
problematic for accounts that posit that LOLIs arise from distinct processes (e.g., nonce bor-
rowing) compared to multi-word alternations. One important caveat, however, is that the
present study examine comprehension, while nonce borrowing has previously been studied
only in production. Although we, and others, argue that the two are intimately linked, it is
nonetheless plausible that different strategies may emerge that guide the production and
comprehension of certain types of language mixing. Future research should continue to
use converging methodologies, particularly the combination of psycholinguistic lab-based
studies of language comprehension and sociolinguistic studies of spontaneous production,
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to further our understanding of language mixing and the link between comprehension and
production more generally.

6. Concluding Remarks

The goal of the present study was to begin assessing the role of morphosyntactic
integration on the processing of MWAs and LOLIs, and whether such integration led to a
facilitative effect in the processing of LOLIs given its frequent use in spontaneous bilingual
speech. The results thus far suggest that morphosyntactic integration may not play as
large a role in processing as some scholars have assumed (e.g., Poplack and Dion 2012).
Nonetheless, there are some limitations in the present study that, if addressed, may lead to
a more thorough understanding of the processing of MWAs and LOLIs. First, although
Poplack and colleagues do not consider phonological integration a key component of
‘nonce borrowings’, previous literature has demonstrated that the phonetic characteristics
of bilingual speech play a large role in shaping how it is processed (e.g., Fricke et al. 2016).
The present study did not control for how the stimuli were produced by the speaker; as
such, it is possible that the phonetic realization of the MWAs and LOLIs in the present
study may have had an effect on how they were processed. In this same vein, while the
stimuli were checked by three Puerto Rican Spanish-English bilingual codeswitchers (in
addition to the speaker), the stimuli were not normed for naturalness which may also have
affected the results.

A further limitation lies in the use of feminine determiner-English noun language
mixes. Although these were congruent in gender (i.e., the Spanish equivalent of the English
noun was also feminine), this particular combination is rare in spontaneous bilingual
speech (e.g., Valdés Kroff 2016; though see Cruz 2021) but have not been shown to differ
from masculine determiner-English noun language mixes in terms of processing (Beatty-
Martinez and Dussias 2019). Despite this, that such an infrequent form of language mixing
accounted for fully half of the stimuli in the present study may have likewise had an effect
on how they were processed (see Johns et al. 2019 for a discussion).

Future research should seek to not only to address these issues but also to pursue
them as research questions in and of themselves. For example, is the processing of MWAs
and LOLIs affected by whether they adopt the phonotactics of the lexifier language or
of the recipient language? Likewise, how are English nouns whose Spanish equivalent
is feminine processed when preceded by a masculine, rather than a feminine, Spanish
determiner? Ultimately, such questions should be guided by findings from spontaneous
bilingual speech given the influential role of usage and experience on the processing of
linguistic input (MacDonald 2013). By bringing together both sociolinguistic insights on
language production and psycholinguistic evidence on language processing, we may show
that the nature of contact between the two languages of a bilingual community and the
creative abilities of individual language users together shape the patterns and processes of
language mixing.
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Notes

1 Stimuli contained 7-10 words, with an average of 7.58 words and was identical across conditions save for two stimuli where

the English translation of the target Spanish noun was a two-word compound (semdforo, ‘stop sign’, and helado, “ice cream’). In
addition, 15 of the nouns were plural and the remaining 105 were singular, and 15 of the adjectives had opaque gender (e.g., debil,
‘weak’) and the remaining 105 had transparent gender (e.g., plateado/a, ‘silver’).

2 While this amount of excluded data may seem high compared to behavioral methods, where more than 10% of data excluded
would be rare, this is not the case for pupillometry data. For example, Guasch et al. (2017, p. 52) report 7.43% of trials excluded
during cleaning and Schmidtke (2014, p. 5) reports approximately 14% missing data, representing the range possible when using
pupillometry.
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