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This study investigated how heritage Spanish—English bilinguals integrate their
cue hierarchies to process simple sentences in both Spanish and English.
Sentence interpretation is achieved by weighing the various cues that are
present in the sentence against that language’s cue hierarchy. The Unified
Competition Model (UCM) suggests that bilinguals show a variety of patterns
in sentence interpretation strategies depending on language proficiency.
Previous research on heritage Spanish—English bilinguals and late bilinguals
has demonstrated differences in cue utilization and sentence interpretation
compared to monolinguals. However, good-enough processing suggests that
when a sentence does not meet certain heuristics, like the first-noun agent
heuristic, a semantic representation of the sentence will be processed instead
of a syntactic one. Even with reliable sentential-level cues such as word
order, a plausible semantic representation of the sentence is favored. This
is especially the case with inanimate—inanimate (IA-1A) sentences, like in the
present study, in which there is less reversibility of thematic roles without
competing with semantic plausibility. For this study, participants (n = 32) read
a total of 80 inanimate sentences in English and Spanish with subject—verb—
object and object—-verb—subject (OVS) word orders, indicated the subject of the
sentences, and completed language proficiency and dominance tasks. When
reading Spanish sentences, participants read the OVS word order faster. English
proficiency was a significant predictor of sentence reading time and choice
selection time but did not predict word choice. The results suggest that IA-IA
sentences pose challenges for cue utilization and thematic role assignment due
to semantic limitations. This study found that participants may prioritize semantic
plausibility over syntactic representations in sentence processing, supporting a
good-enough processing model.

KEYWORDS

interpretation cues, good-enough processing, unified-competition model, heritage
bilingual, animacy, semantic plausibility

Introduction

When listening to or reading a sentence there are a few ways one can process the
information to determine the lexical-syntactic roles and parse the sentence: lexical-based
content of the sentence, extra-sentential content, or sentence internal content (Isabelli,
2021). For the present study, we describe lexical-based content and sentence internal
content as they will be the most relevant due to the use of simple sentences. First, we discuss
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sentence internal cues. Sentence internal interpretation cues can be
used to determine the thematic roles of a sentence (MacWhinney,
2013). Thematic roles define the relationships between the verb
and its nouns. Interpretation cues can have a variety of expressions
across languages but largely fall into five categories: morphological
case marking, animacy of nouns, intonation, verbal inflections, and
syntax or word order (MacWhinney, 2013). The acquisition of these
cues starts at an early age. Bates et al. (1984) found that children are
sensitive to their language’s cues from the age of 2. They suggest that
it is the most important developmental achievement of sentence
comprehension (Bates et al, 1984). Bilingual children acquire
cues on a different timeline than monolingual peers (Reyes and
Herndndez, 2006), and bilinguals have different cue integration.
Our study looks at how heritage speakers have integrated two of
the most reliable cues from their two known languages, Spanish
and English.

The Competition Model (CM) and the newer Unified
Competition Model (UCM) suggest that sentence interpretation
is achieved by weighing the various cues that are present in
the sentence against that language’s cue hierarchy (Bates and
MacWhinney, 1989; Hernandez et al., 1994; Reyes and Hernandez,
2006). According to Bates and MacWhinney (1989), adult
monolingual English speakers rely most on word order followed by
agreement and animacy. Adult monolingual Spanish speakers rely
on differential object marking (DOM), which is touched on more in
the Stimuli section, followed by verb agreement, clitic agreement,
then word order (Bates and MacWhinney, 1989). When it comes
to bilinguals, however, there are two competing cue sets (Bates
and MacWhinney, 1989; MacWhinney, 2022) that vary based on
language proficiency. Depending on the stage of acquisition and
level of proficiency, bilinguals can have four different types of cue
hierarchies (Reyes and Herndndez, 2006): amalgamation (merged
cues from all the known languages), differentiation (each language
uses its own distinct cues), forward transfer (first-language, L1, cues
are used on second-language, L2, stimuli), and backward transfer
(L2 cues are used on L1 stimuli). Additionally, even though some
bilinguals differentiate cues between their languages, there is still
activation between the languages and their shared linguistic system
(Reyes and Hernandez, 2006).

In the past two decades, studies have suggested that Spanish—
English heritage bilinguals use an amalgamation of the cue
strategies from their languages (e.g., Hernandez et al., 1994; Reyes
and Herndndez, 2006). In both languages, word order and verb
agreement are reliable cues, but the acquisition order and timeline
of the cues in bilinguals are different than those of monolinguals
(Hernandez et al., 1994; Reyes and Hernandez, 2006). In a cross-
sectional study, Reyes and Herndndez (2006) found that bilinguals
acquired the agreement cue earlier than English monolinguals
but later than Spanish monolinguals. Their study on native (L1)
Spanish, emergent English bilinguals examined the reaction times
(RTs) and which noun the participants chose as the subject
while they listened to sentences in English and Spanish in all
six word order combinations. They found participants had an
amalgamation and differentiation of cues from both languages
(Reyes and Hernandez, 2006). Furthermore, Nava (2007) found
Spanish-English bilinguals used the subject-verb (SV) word order
more than their Spanish monolingual counterparts when they

Frontiersin Language Sciences

10.3389/flang.2024.1370569

might have used a verb-subject (VS) word order to indicate known
information, change of location, or an anticausative construction.
In this study, bilinguals produced the subject-headed word order
with the highest frequency. Nava concluded that the influence of
English and the flexibility of word order in Spanish led to the
SV construction preference. Together these studies suggest that
Spanish-English bilinguals do not process or produce sentences in
the same way as monolinguals in either of their languages.

Studies on heritage speakers of other languages also found
differences among heritage bilinguals compared to monolinguals.
In 2016, Pham and Ebert studied children with an average age of
7 in a Vietnamese-English transitional language program. In their
longitudinal study, they found that over the 4 years, the participants
shifted their use of cues. The children listened to animate and
inanimate sentences in English and Vietnamese and slowly shifted
toward relying on word order, a strong English cue, over animacy,
the main cue in Vietnamese, over the duration of the study
(Pham and Ebert, 2016). The researchers concluded that bilinguals
process sentential information differently than monolinguals of
either language even at a young age. Testing a similar age group,
Meir et al. (2020) analyzed eye-tracking data from Russian-Hebrew
bilinguals, Hebrew monolinguals, and Russian monolinguals.
Children looked at images and were prompted to give a response
to elicit the accusative case (a grammatical case used in some
languages to indicate the direct object of a verb or the object
of certain prepositions). Participants completed a visual world
task, and their eye movements were recorded as they listened to
sentences in both languages. In this study, the bilingual children
were slower at processing the case cue than Russian monolinguals
(Meir et al., 2020). For the Hebrew stimuli, upon hearing the
beginning of an OVS sentence, specifically hearing the accusative
case attached to the object, bilinguals began anticipating a subject
(Meir et al, 2020). The Hebrew monolingual participants, by
comparison, were not able to use the case cues predictively,
although they used case in the production aspect of the experiment.
The authors suggest that the strong Russian case cue is informing
the weaker Hebrew case cue in bilingual sentence processing,
creating a cue hierarchy and processing style different from that
of monolinguals.

In the past year, two studies similar to that of Meir et al. (2020)
have been published on Turkish heritage speakers in different
countries. Ozsoy et al. (2023) had monolingual Turkish and
Turkish-German heritage speakers listen to sentences in Turkish
while looking at a visual world paradigm display with reference
objects. Subsequently, participants had to decide if a video showed
the event described by the auditory stimuli. Heritage speakers
do use case cues predictively; however, more monolinguals use
predictive processing than bilinguals (Ozsoy et al., 2023). The
authors suggested this was possibly due to individual differences
and learner background. Replicating the original same study,
Karaca et al. (2024) tested Turkish monolinguals and Turkish-
Dutch heritage speakers on verb-medial and verb-final sentences
to see how the position of the verb affected cue predicting. The
monolingual participants were able to predict the second noun
phrase in the sentence upon hearing the case cue attached to the
first noun phrase. Heritage-speaking participants, however, were
only able to use case predictively in the verb-medial condition when
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the verb semantics helped scaffold cue use (Karaca et al., 2024).
Additionally, because bilingual participants’ language experiences,
especially literacy, in both languages were significant predictors,
the authors lend support to prediction-by-production accounts and
suggest that reading and writing training in either of the speaker’s
languages can help with cue prediction (Karaca et al., 2024).

Also looking at case cue processing, Chrabaszcz et al. (2022)
studied adult heritage speakers of Russian residing in two different
countries, Estonia and the United States, who therefore spoke
two different L2s, Estonian and English. This study aimed explore
how heritage speakers with two different dominant languages
processed Russian cases. Participants listened to Russian sentences
with a locative or instrumental case and selected an image that
best represented the auditory stimulus (Chrabaszcz et al., 2022).
They found that English-dominant, but not Estonian-dominant,
speakers used word-order cues and misread Russian thematic cues
in the locative and instrumental cases (Chrabaszcz et al., 2022).
Estonian-dominant participants had native-like comprehension of
the cases but slower task RTs (Chrabaszcz et al, 2022). They
concluded these differences between the heritage-speaker groups
were due to the lack of familiarity of English-dominant speakers
with case morphology because of a dominant language with a
different morpho-syntactic system (Chrabaszcz et al., 2022). In
heritage bilinguals across languages, bilinguals process stimuli in
both languages differently than monolinguals and have sentential
processing that is deeply affected by the shared language system.

Studies on late Spanish-English bilinguals find differences in
bilingual sentence parsing, analyzing a sentence for its constituents
and their relationships, compared to that of native monolinguals.
[sabelli (2021) found that fifth-semester Spanish learners were
more accurate with OVS sentences when there was context to
constrain their interpretation. These late bilinguals used semantic
and pragmatic cues to avoid reliance on their L1 word-order cue
(Isabelli, 2021). In her dissertation, Copeland (2022) found that
advanced L1 English-L2 Spanish learners were just as accurate
as Spanish native speakers at choosing the picture that correctly
depicted a simple Spanish sentence. Proficiency was related to
accuracy and RTs in the object-verb-subject (OVS) sentences.
Higher proficiency late bilinguals were more accurate and faster
in response to the OVS word order due to more exposure and
experience in the L2 (Copeland, 2022). Thus, proficiency played a
part in their L2 processing as well as L2 semantic knowledge.

Sagarra (2021) evaluated the differences between monolingual
Spanish participants, low- and high-proficiency Romanian L1
learners of Spanish, and low- and high-proficiency English L1
learners of Spanish. In this eye-tracking study, the participants read
two sentences, some with SV-agreement violations, and matched
the sentences with a picture that best corresponded to the sentence.
Sagarra (2021) found differences based on the participant’s L1
and proficiency. Lower proficiency English participants relied
less on determiners and more on the explicit subject than low-
proficiency Romanian participants. Additionally, intermediate and
advanced Romanian participants had longer verb dwell times
than intermediate and advanced English participants. Advanced
Romanian participants’ eye behaviors on sentences with SV-
agreement violations were more like those of native Spanish
speakers than those of intermediate Romanian participants.
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This highlights that typological similarities—both Spanish and
Romanian being null-subject languages with rich verb agreement—
aid L2 processing. When looking at differences in proficiency,
Sagarra (2021) found that the lower the proficiency of the English
participant, the more likely the participant was to rely on the noun
to resolve verb-agreement violations. Sagarra (2021) concluded
that the extent of acquisition of L2 cues largely depends on L2
proficiency, as late-age-of-acquisition participants were still able
to acquire native-like cue processing with increased proficiency.
In a summary of research on cue prediction, Karaca et al. (2021)
found that language proficiency and, especially in the case of
late bilinguals, L1/L2 similarities predicted successful predictions
of cues. Because L1 proficiency is also associated with better L1
cue prediction, they theorized, but had not tested, that bilingual
children would be able to predict cues more reliably if children had
rich language input and exposure (Karaca et al., 2021). Accordingly,
while there is research that links increased proficiency to more
native-like cue processing in late L2 learners, there is a lack
of understanding about how cue processing and proficiency are
related in child and adult heritage speakers.

The second relevant processing type for simple sentences
is lexical-based interpretations, which are also a highly salient
method of determining thematic roles. Children can integrate
lexico-semantic information into their parsing of a sentence. For
English-speaking children, Bates et al. (1984) found that they
will exclusively rely on word order unless there is an obvious
semantic pairing. Children are able to combine semantic cues and
syntactic processing. Additionally, in a recent study, Mahowald
et al. (2023) found that meaning constrains the interpretation
of a sentence and can render other superordinate cues, such
as word order and agreement, redundant. All languages have
built-in processing redundancy for processing rare, surprising, or
ambiguous sentence meanings and facilitating language learning
(Mahowald et al., 2023). In their study, they found that even with
a strict and highly reliable word-order cue, semantic plausibility
overrides the interpretation of the sentence (Mahowald et al,
2023). This cuing override is especially prevalent in sentences with
two inanimate (IA-IA) nouns in which there is less reversibility
of thematic roles without competing with semantic plausibility
(Mahowald et al., 2023). The preceding research suggests that
while bilinguals have competing cues across their languages, these
cues might easily be dismissed due to the lexical-based content of
a sentence. Thus, while the study reported here investigates the
competition of the strongest cues from Spanish and English in
bilinguals, semantic plausibility plays an important role in sentence
processing, especially when there is an TA-IA pairing as is the case
in the present study.

Historically, models lexical-based

linguistic explaining

representations and syntactic representations of sentence
processing usually follow two paths: syntactic and lexical
processing models are developed separately or in combination,
wherein the syntactic frame is the main source of information,
while lexical representation is only processed secondarily (Ferreira,
2003). However, the good-enough processing model (Ferreira
et al., 2002) presents a contrasting view of sentence processing.
While both CM and good-enough processing assume that the first

noun encountered is the subject/agent, a good-enough approach to
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language processing suggests two paths to a mental representation:
one including heuristics and semantic processing and the other
composed of syntactic processing (Ferreira, 2003). When linguistic
stimuli are encountered, the language processing system enters a
state of disequilibrium from the unprocessed, uncertain stimuli
(Karimi and Ferreira, 2016). The language processing system
will use heuristics and semantics first to arrive at equilibrium
with an output but will use the syntactic algorithm as well if
necessary for accuracy (Karimi and Ferreira, 2016). The language
processing system is incentivized to process stimuli accurately but
as quickly as possible to return to equilibrium. Thus, good-enough
representations can occur even in the best of environments and
even more so in noisy or irregular circumstances.

Studies on good-enough processing have traditionally targeted
a syntactic structure that is considered difficult to understand.
In their studies conducted exclusively on native English speakers,
Ferreira et al. (2002) found that to understand passive sentences,
participants rely more on semantic heuristics than on syntactic
frames. When the syntactic structure does not follow the typical
agent-first order, such as active compared to passive structures, a
reliance on lexico-semantic plausibility is activated. Good-enough
processing also suggests that semantic or syntactic representations
are not always complete (Ferreira, 2003; Karimi and Ferreira, 2016).
Even in experimental contexts in which the researchers manipulate
context to lead participants to come to certain conclusions about
the meaning of a sample, sometimes participants will come
up with unexpected meanings. Sometimes participants create
interpretations of sentences that do not match with syntactic
structures, perhaps based on their past experiences or imagination.
Evidence of good-enough processing can be seen even more so
in noisy settings outside of the laboratory. Yet, stimuli will still
be processed and understood despite errors in syntax and word
choice. Ferreira et al. (2002) concluded that during processing, if
the representation is not complete and supported with syntactic
and semantic evidence, a good-enough interpretation might occur.

In a study comparing Korean-English bilinguals to English
monolinguals, Lim and Christianson (2013) had participants read
subject relative clauses (SRCs) and object relative clauses with
plausible and implausible events, indicating a correct paraphrase,
and, in a second session for the bilingual participants, providing
a Korean translation. When indicating a correct paraphrase
of the implausible SRCs, the L2 learners were less accurate
than monolinguals (Lim and Christianson, 2013). The authors
concluded this was due to L2 learner’s reliance on semantic
processing over syntactic cues. Additionally, in the translation
task, there is more evidence of good-enough processing. When
translating implausible relative clauses (RCs), participants would
sometimes have syntactically accurate but thematically reversed
roles in their translation (Lim and Christianson, 2013). This
suggests that the syntactic parse was completed but the semantically
implausible representation resulted in participants writing more
sensible translations than the original RCs. Thus, Korean-English
bilinguals elicited good-enough representations—when confronted
with difficult and semantically implausible constructions—and
in two different types of tasks. Given the aforementioned
research showing IA-IA pairs are less reversible due to semantic
implausibility (Mahowald et al., 2023), it is possible for good-
enough representations to occur in the present study.
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Based on the reviewed literature, it is evident that bilingual
sentence processing involves a complex interplay between different
cues and strategies, language proficiency, cue hierarchies, and
the integration of lexico-semantic information. The studies
conducted on Spanish-English bilinguals, heritage speakers, and
late bilinguals highlight the variation in cue utilization and sentence
interpretation patterns compared to monolinguals. Building upon
these findings, the present study aims to investigate the cues
employed by bilingual Spanish-English speakers when agreement
and word-order cues are in competition. Additionally, the study
aims to explore the influence of proficiency on cue interpretation
RTs during sentence reading.

Research questions

To address these research objectives, the following research
questions and hypotheses are investigated based on CM and UCM
theory (Bates and MacWhinney, 1989; MacWhinney, 2022):

1. What cues do bilingual Spanish-English speakers use when
agreement and word-order cues are in competition with
each other? Do cues vary by language input (English
or Spanish sentences)?

2. How does
during sentence reading?

proficiency affect cue interpretation RTs

Hypotheses

A. In English and Spanish, subject-verb-object (SVO) sentences
will elicit faster RTs.

B. OVS sentences in English will elicit slower RTs, but
participants will still overwhelmingly choose the traditional
SVO word-order subject.

C. Participants that score higher on measures related to
proficiency (the Lexical Test for Advanced Learners of
English [LexTALE], the Lexical Test for Advanced Learners
of English-Spanish [LexTALE-ESP], the Bilingual Language
Profile [BLP], and Flanker) will elicit faster RTs to the Spanish
OVS sentences than those with lower proficiency.

D. Participants of higher proficiency will choose the verb-
agreeing subject (second noun) significantly more than those
of lower proficiency on the OVS Spanish sentences.

Methods

Stimuli

To investigate what cues Spanish-English bilinguals use in
both languages, the two strongest cues in the target languages,
word order and verb agreement (Reyes and Hernandez, 2006),
were manipulated in sentences constructed to control for weaker
cues such as animacy. While English only marks the accusative
via word order and pronouns, Spanish marks the accusative on
animate nouns via the accusative/personal a (Bruge and Brugger,
1996); this is called DOM. DOM is used with animate, specific
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TABLE 1 Stimuli sample.

10.3389/flang.2024.1370569

TABLE 2 Participant demographics.

Example sentence n (32) %
English SVO The faucet drips water. Gender
English OVS Sunlight absorb the solar panels. Male 18 56.25
Spanish SVO El tornado destruye el pueblo. Female 13 40.63
Spanish OVS Los tractores fabrica la factoria. Non-binary 1 3.13
This table shows examples of the sentences in each of the four conditions. SVO, subject-verb— Education
object; OVS, object-verb-subject.
Less than high 0 0
school
« w : «“ » HS Degree/GED 7 21.88
references (“men” as in mankind vs. “men” as in those men over egree/
there; Brugeé and Brugger, 1996). Bates and MacWhinney (1989) Some College 6 18.75
listed the Spanish accusative a as the strongest cue for Spanish College Degree (BA, 14 43.75
before verb agreement. Research that compares DOM production BS)
in monolinguals and heritage speakers found that monolinguals Some graduate 1 313
hardly ever omit the DOM for an animate, specific reference, school
but adult heritage speakers had significant rates of omission, Masters 4 125
averaging about 20% (Montrul and Sinchez-Walker, 2013). This
) o . PhD/MD/JD 0 0
also was mediated by individual factors; some heritage speakers
were omitting all the time, and some were using the marker all the Household Income
time, largely due to language exposure and birth order (Montrul $0-$19,999 2 6.25
and Sanchez-Walker, 2013). While heritage speakers do not seem $20,000-$49,999 10 3125
to use the DOM cue to indicate an animate, specific direct object as
. . . L $50,000-$89,999 10 31.25
much as monolingual speakers, it is still a salient cue. To limit the
ability of participants to use a separate lexical cue to signal the direct $90,000-$129,999 6 18.75
object, the stimuli consisted of only inanimate nouns. This choice $130,000-$149,000 1 3.13
i i 1 2022
contrasts with the studies cond.uct.ed by Cope a.nd (2022) and Reyes $150,000+ 5 625
and Herndndez (2006) that similarly used simple sentences but
animate nouns and chose to leave off DOM even when it would Prefer not to answer ! 313

be ungrammatical.

Testing various word orders, despite ungrammaticality, is a
common paradigm in the literature to see what cues are in use when
word order is varied. While all six word orders were used in Reyes
and Herndndez (2006) study, this study will only focus on OVS
and SVO word orders as most other word orders are not viable
in either language. Nava (2007), Isabelli (2021), and Copeland
(2022) all used a (O)VS word order in their studies on Spanish.
Although an OVS order is valid in Spanish, it usually occurs with
preverbal object pronouns (Nava, 2007; Isabelli, 2021). To keep the
languages comparable, we will present SVO and OVS sentences
both in Spanish and English, despite OVS not being a viable word
order in English. Therefore, the stimuli, as sampled in Table 1 and
presented in detail in Appendix A, are composed of present-tense
SVO and OVS sentences in English and Spanish. The 80 unique
sentences were split between the languages with 40 sentences in
English and 40 sentences in Spanish. Among these, 20 sentences
followed the SVO word order, while the other 20 sentences followed
the OVS word order in both languages.

Procedure
Thirty-five participants were recruited for the study via
Prolific.com, an online platform for participant recruitment. Three

participants who had acquired English later, that is, in middle
school or after the onset of puberty (in this case, 13-14 years old)
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Participant self-reported demographics based on categorical and ordinal options.

were excluded from the data analysis. In Tables 2, 3, it can be
seen that we had a diverse sample, with more males than females.
Participants were provided with monetary compensation for their
participation. Only computers, not tablets or mobile devices, were
allowed for this study. We set the participation criteria in Prolific as
participants who had acquired Spanish as a first language and were
fluent in both English and Spanish. Participants who were eligible,
and chose to participate, were directed to the Gorilla Experiment
Builder platform, where the experiment was conducted. Before to
participating, potential participants were screened and presented
with the following question in both English and Spanish: “Are you a
Spanish-English bilingual, whose first language was Spanish?” Only
those who met this criterion were eligible to proceed by saying
“Yes,” and those who responded “No” were redirected back to
Prolific. Table 3 summarizes the participants’ language background.
Study participants acquired Spanish at the same time or earlier than
they acquired English. Additionally, the majority of participants
received more education in English than in Spanish, suggesting that
they were in an English-dominant environment. Upon meeting the
eligibility criteria, participants were presented with a consent form
in English, which they were required to read and then provide their
informed consent before proceeding with the study. If they declined
consent, they were redirected back to Prolific.
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TABLE 3 Participant age and language acquisition age and education.

Age
Mean (SD) 33(9.29)
Range 19-57
English Acq. Age
Mean (SD) 3.5(2.42)
Range 0-9
Spanish Acq. Age
Mean (SD) 1.03 (0.82)
Range 0-3
English Ed. Years
Mean (SD) 11.94 (4.44)
Range 0-18
Spanish Ed. Years
Mean (SD) 5.47(4.82)
Range 0-18

Descriptive statistics of participant’s age at experimentation, age of language acquisition, and
years of language education. Acq., acquisition; ed., education.

The following instructions were then provided to participants
before their training task and both sections of the main task. “For
the following task, read the sentences and decide the subject of
the sentence. Once you have read the sentence press the SPACE
bar. First, you will see a fixation cross, after a few seconds it will
automatically advance to the next screen. On this next screen,
please click noun that you think was the subject of the sentence.”.
Below the English instructions, the same instructions were given
in Spanish. Prior to the main task, participants completed a
practice session that consisted of two practice items per each
of the four treatments. Participants were randomly assigned into
two groups: one group received the English block first, while
the other group received the Spanish block first. Following the
completion of their first block, participants then received the
block that they had not received initially, resulting in a total
of 80 sentences per participant. The order of completing these
tests was randomized to control for any potential order effects.
The task itself involved determining the subject of each sentence.
The stimuli were presented on a computer screen in the default
Gorilla font, Inter var ExtraLight 200 size 50 for the sentences
and size 60 for the choice selection as shown in Figure 1. The
participants were presented with a fixation cross (1,100 ms), the
sentence, a fixation cross (1,100 ms), and then the noun choices.
The participants could progress from the sentence-reading screen
via a press of the spacebar, and then, after a quick fixation
screen (1,100 ms), they were presented with the noun choices. The
sentences were randomized within each language. Following the

1 Minor grammatical errors were found in the English instructions of the
main task after administration of the study. However, we are confident that
this did not overly affect the participants as these errors were not found in
the Spanish instructions, which appeared right below the English instructions,

and they had eight practice trials before the main task.
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sentence processing task, the participants were offered a break
screen. When they were done with their break, they could continue
the rest of the study, which included three measures related to
language proficiency.

Measures

Language proficiency

The LexTALE (Lemhofer and Broersma, 2012) and the
LexTALE-ESP (Izura et al, 2014) were used as measures of
language proficiency. Both are measures of receptive vocabulary
and, as such, indirect measures of language proficiency. The
LexTALE is composed of 60 items in which the participant
must indicate whether a word is an actual word or a non-
word. It takes approximately 4min to complete (Lemhofer and
Broersma, 2012). Likewise, the LexTALE-ESP takes approximately
5min and has 90 test items. Both tests vary the frequency
based on the
phonotactics of the respective language. Both tests have been

of the words tested and created non-words

shown to be reliable measures of receptive vocabulary size,
which is positively correlated with proficiency (Lemhofer and
Broersma, 2012; Izura et al., 2014). The order of the proficiency
assessments was randomized to control for any potential
order effects.

BLP

Finally, participants were asked to give demographic data
on education, income, age, and occupation and complete the
BLP (Birdsong et al,, 2012). The BLP is a measure of language
dominance that is related to language proficiency and usage
(Bonvin et al., 2021). The BLP takes approximately 10 min to
complete and gathers information about language history, use,
proficiency, and attitudes for both languages (Birdsong et al,
2012). In the section on language history, participants self-
report when they started learning the language, how many
years of education received education in the language, and how
long they have been in a family or work environment with
the language on a scale of 0-204 years. The next section
asks participants to give a percentage of time that they use
each language in five different contexts. Then participants are
asked to indicate on a Likert scale their language abilities in
speaking, listening, reading, and writing. Finally, in a set of
four questions, participants indicate how much they identify
with statements about the language, culture, and being a native
speaker or not. These sections all have individual scoring metrics
and weights.

Flanker task

Language processing and prediction is related to domain-
general cognitive skills, such as working memory, attention, and
the like (Karaca et al,, 2021). Declines in cognitive skills associated
with aging also lead to declines in language processing and
prediction (Karaca et al., 2021). Much work has been done in the
field of psycholinguistics to link bilingualism with improvements
in cognitive skills, also called the “bilingual advantage” debate.
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Timeline of main task. Visualization of the experimental setup of the main task. RT, reaction time.

Meta-analyses of over 100 studies have found significant differences
in bilingual performance on cognitive tasks targeting executive
functions when compared to monolinguals (Grundy, 2020;
Ware et al, 2020). It is widely reported that bilinguals have
increased inhibitory control due to consistently suppressing the
activation of the unnecessary language(s) (Luk et al, 2011).
Additionally, research suggests that higher proficiency and usage
of both languages is associated with higher inhibitory control,
as demonstrated by higher accuracy and faster response time on
incongruent trials on the Flanker task (Luk et al., 2011). Critics
against the bilingual advantage in executive functions cite a lack
of control of matched socio-economic status (SES) participants,
however, in a study on low-SES bilinguals (Thomas-Sunesson et al.,
2018), a difference in inhibitory control was still found between
more balanced participants and more asymmetrical participants.
Specifically, Spanish-English heritage children who were more
balanced in their language proficiency received more benefit to
their inhibitory control than participants who were more proficient
in one language over the other (Thomas-Sunesson et al., 2018).
It is worth noting, however, that Ware et al. (2020) meta-analysis
did not find a significant effect of the Flanker task, but such an
effect was found for a similar task, the Attentional Network Task.
In this study, the Flanker task was used as a measure of inhibitory
control and an indirect measure of proficiency. Participants were
required to complete a Flanker task of 150 trials, which consisted
of 50 iterations per neutral (- - > - -), congruent (> > > >
>), and non-congruent (< < > < <) items. Before the Flanker
task, participants received instructions and completed a nine-item
practice session. The participants were instructed to press “F” if
the center arrow was pointing to the left or “J” if the center arrow
was pointing to the right. After a set of 50 trials, participants
were given a break and then given three practice trials that were
not scored.

Frontiersin Language Sciences

Results

Statistical analyses

All analyses were conducted in R (v4.2.3; R Core Team, 2023).
Linear mixed-effects (LME) regression and generalized linear
mixed-effects models (GLMMs) were fitted using the Ime4 and
ImerTest packages (Bates et al., 2015; Kuznetsova et al., 2017).
The statistical results were written with the help of the report
package (Makowski et al., 2023). RTs were clustered and centered by
language and word order. The four clusters were averaged and then
the cluster mean was subtracted from the value. A constant value
was then added to allow for a log transformation to be performed
on the cluster-centered RTs. The LexTALE and LexTALE-ESP were
scored via the averaged percentage correct method indicated by
Lemhofer and Broersma (2012) and then were z-scored to have
comparable scales in data analysis. The BLP was scored according
to traditional scoring methods (Birdsong et al., 2012) and then
standardized. The Flanker task was scored by taking the RTs of
the correct congruent trials from the correct incongruent trials
for an interference RT. Then the interference RT was scaled to
have a mean of 0 and a standard deviation of 1. In the following
models, LME p-values were computed using a Wald ¢-distribution
approximation and GLMM p-values were computed using a Wald
z-distribution approximation. The models can be compared side
by side in Table 4. Figures 2, 3 and Table 4 were created using
the following packages: ggpubr, ggplot2, and tidyverse (Wickham,
2016; Wickham et al., 2019; Kassambara, 2023).

Subject choice selection models
To address the first research question regarding which cues
participants were attending to, we fitted two GLMM or logistic
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TABLE 4 Model comparison for subject choice and reaction time.

SP-Subject Choice = EN-Subject Choice SP-Sentence RT EN-Sentence RT SP-Choice RT EN-Choice RT
Predictors Odds CI fo) Odds CI fo) Estimates Cl Estimates ClI P Estimates Cl Estimates Cl
ratios ratios

(Intercept) 0.12 [0.07, <0.001 0.05 [0.03, <0.001 8.15 [7.98, <0.001 7.94 [7.81, <0.001 7.35 [7.23, <0.001 7.38 [7.30, <0.001
0.20] 0.09] 8.32] 8.08] 7.46) 7.47]

OVS 13.33 [9.67, <0.001 36.62 [24.66, <0.001 —0.17 [—0.30, 0.005 —0.01 [—0.11,] 0.858 —0.65 [—0.72, <0.001 —0.06 [—0.11, 0.017
18.38] 54.39] —0.05] 0.09] —0.58] —0.01]

LexTALE 1.07 [0.65, 0.786 0.66 [0.42, 0.078 —0.16 [—0.33, 0.072 —0.17 [-0.31,] 0.017 —0.19 [—0.30, 0.001 —0.12 [—0.20, 0.006
1.77] 1.05] 0.01] —0.03] —0.08] —0.03]

LexTALE-ESP 1.13 [0.67, 0.658 1.45 [0.90, 0.128 0.05 [—0.13, 0.560 0.09 [—0.06,| 0.229 —0.06 [—0.18, 0.301 0.01 [—0.08, 0.847
1.90] 2.34] 0.23] 0.23] 0.06] 0.09]

BLP 0.74 [0.44, 0.262 0.92 [0.57, 0.736 0.25 0.07 - 0.007 0.12 [—0.02,| 0.099 0.11 [—0.01, 0.062 0.11 [0.02, 0.015
1.25] 1.49] 0.43 0.27] 0.23] 0.19]

Flanker 0.84 [0.51, 0.507 0.99 [0.62, 0.960 —0.06 [—0.23, 0.534 0.02 [-0.12,| 0.736 0.01 [—o0.10, 0.833 —0.04 [—0.12, | 0.368
1.40] 1.57] 0.12] 0.17] 0.13] 0.05]

Random effects

o? 3.29 3.29 0.59 0.49 0.45 0.20

T00 1.77 Participant 1.42 participant 0.21 participant 0.13 participant 0.09 participant 0.05 participant

m 0.07 Participant. WordOrder 0.03 Participant. WordOrder

o1 0.55 participant 0.64 participant

ICC 0.35 0.30 0.34 0.27 0.16 0.20

N 32 Participant 32 Participant 32 Participant 32 Participant 32 Participant 32 Participant

Marginal 0.267/0.523 0.433/0.604 0.088/0.400 0.059/0.313 0.227/0.352 0.097/0.275

R?/Conditional

RZ

AlICc 1,239.669 1,062.428 3,097.127 2,861.800 2,700.100 1,656.903

The “SP-Subject Choice” and “EN-Subject Choice” models are generalized linear mixed models (GLMM), whereas the remaining models are linear mixed effects models (LME). The bold values are statistically significant results. SP, Spanish; EN, English; RT, reaction
time; OVS, object-verb-subject; LexTALE, Lexical Test for Advanced Learners of English; LexTALE-SP, Lexical Test for Advanced Learners of English-Spanish; BLP, Bilingual Language Profile; ICC, Intraclass correlation; AICc, Akaike information criterion-corrected.
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mixed models, one for each language (estimated using ML and
BOBYQA optimizer), to predict subject choice with word order,
LexTALE score, LexTALE-ESP score, BLP score, and Flanker
Interference RT with the following R code: subject choice ~ word
order 4+ LexTALE score + LexTALE-ESP score + BLP score +
Flanker Interference RT. The models included ParticipantID as a
random effect (code: ~1 | ParticipantID)?.

Spanish

The model’s total explanatory power is substantial (conditional
R? = 0.52), and the part related to the fixed effects alone (marginal
R?) is 0.27. The model’s intercept, corresponding to word order =
SVO, LexTALE score = 0, LexTALE-ESP score = 0, BLP score =
0, and Flanker Interference RT = 0, is at —2.13 (95% CI [—2.66,
—1.60], p < 0.001). The effect of word order OVS is statistically
significant and positive (beta = 2.59, 95% CI [2.27,2.91], p < 0.001;
Std. beta = 1.30, 95% CI [1.14, 1.46]). In the OVS condition, there
is a 2.59 log-odds likelihood or 93.02% probability of choosing the
second noun or the verb-agreeing noun. The effect of LexTALE
score is statistically non-significant and positive (beta = 0.07, 95%
CI [—0.43,0.57], p = 0.786; Std. beta = 0.07, 95% CI [—0.43, 0.57]).
The effect of LexTALE-ESP score is statistically non-significant
and positive (beta = 0.12, 95% CI [—0.40, 0.64], p = 0.658; Std.
beta = 0.12, 95% CI [—0.40, 0.64]). The effect of BLP score is
statistically non-significant and negative (beta = —0.30, 95% CI
[—0.83, 0.23], p = 0.262; Std. beta = —0.30, 95% CI [—0.83,
0.23]). LexTALE, LexTALE-ESP, and BLP scores are not significant
predictors in choosing the subject of the sentence. The effect of
Flanker Interference RT is statistically non-significant and negative
(beta = —0.17, 95% CI [—0.68, 0.33], p = 0.507; Std. beta = —0.17,
95% CI [—0.68, 0.33]).

English

The model’s total explanatory power is substantial (conditional
R? = 0.60), and the part related to the fixed effects alone (marginal
R?) is 0.43. The model’s intercept, corresponding to word order =
SVO, LexTALE score = 0, LexTALE-ESP score = 0, BLP score =
0, and Flanker Interference RT = 0, is at —2.97 (95% CI [—3.50,
—2.43], p < 0.001). The effect of word order OVS is statistically
significant and positive (beta = 3.60, 95% CI [3.21, 4.00], p <
0.001; Std. beta = 1.80, 95% CI [1.60, 2.00]). In the OVS condition,
there is a 3.60 log-odds likelihood or 97.3% probability of choosing
the second noun. The effect of LexTALE score is statistically non-
significant and negative (beta = —0.41, 95% CI [—0.87, 0.05], p
= 0.078; Std. beta = —0.41, 95% CI [—0.87, 0.05]). The effect
of LexTALE-ESP score is statistically non-significant and positive
(beta = 0.37, 95% CI [—0.11, 0.85], p = 0.128; Std. beta = 0.37,
95% CI [—0.11, 0.85]). The effect of BLP score is statistically non-
significant and negative (beta = —0.08, 95% CI [—0.56, 0.40], p
= 0.736; Std. beta = —0.08, 95% CI [—0.56, 0.40]). The effect of
Flanker Interference RT is statistically non-significant and negative
(beta = —0.01, 95% CI [—0.47, 0.45], p = 0.960; Std. beta =
—0.01, 95% CI [—0.47, 0.45]). Like with Spanish choice selection,
LexTALE, LexTALE-ESP, BLP scores, and Flanker Interference RT
are not significant predictors.

2 logit(n;) = Bo + B1 x WordOrderOVS; + B, x LexTALE; +B; x LexTALE-
ESP; +B4 x BLP; + Bs x Flanker; + ujj;.
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RT models

To answer our second research question about whether
proficiency affected RTs, we fitted four linear mixed models, one
for each language by both sentence or choice reading (estimated
using REML and nloptwrap optimizer), to predict RT with word
order, LexTALE score, LexTALE-ESP score, BLP score, and Flanker
Interference RT (code: RT ~ word order + LexTALE score +
LexTALE-ESP score + BLP score + Flanker Interference RT). The
sentence RT models included word order as random effects (code:
~1 + word order | ParticipantID)®. This model, which allowed
for the possible variation between word order and participant, fit
the data significantly better than the model that did not contain
a random slope. The subject choice selection RT models included
ParticipantID as a random effect (code: ~1 | ParticipantID)*.

Sentence RT models
Spanish

The overall model explained 40% of the variation in participant
responses (conditional R> = 0.40) and the part related to the
fixed effects alone (marginal R?) is of 0.09. The model’s intercept,
corresponding to word order SVO, LexTALE score = 0,
LexTALE-ESP score = 0, BLP score = 0, and Flanker Interference
RT =0, is at 8.15 (95% CI [7.98, 8.32], t(1270) = 94.50, p < 0.001).
Within this model, the effect of word order OVS is statistically
significant and negative (beta = —0.17, 95% CI [—0.30, —0.05],
ta70) = —2.79, p = 0.005; Std. beta = —0.09, 95% CI [—0.15,
—0.03]). Thus, the OVS word order predicts faster RTs in reading
Spanish sentences. As seen in Figure 2, the Spanish OVS condition

had a much wider range of RTs than any of the other conditions.
The effect of LexTALE score is nearly statistically significant and
negative (beta = —0.16, 95% CI [—0.33, 0.01], (1 270) = —1.80,
p = 0.072; Std. beta = —0.16, 95% CI [—0.34, 0.01]). The effect
of LexTALE-ESP score is statistically non-significant and positive
(beta = 0.05, 95% CI [—0.13, 0.23], t(12709) = 0.58, p = 0.560;
Std. beta = 0.06, 95% CI [—0.13, 0.24]). The effect of BLP score
is statistically significant and positive (beta = 0.25, 95% CI [0.07,
0.43], t(1270) = 2.72, p = 0.007; Std. beta = 0.26, 95% CI [0.07,
0.44]). Participants who are more English-dominant are slower at
reading Spanish sentences. The effect of Flanker Interference RT
is statistically non-significant and negative (beta = —0.06, 95% CI
[—0.23, 0.12], £(1270) = —0.62, p = 0.534; Std. beta = —0.06, 95%
CI [—0.24, 0.12]).

English

The model’s total explanatory power is substantial (conditional
R? =0.31), and the part related to the fixed effects alone (marginal
R?) is 0.06. The model’s intercept, corresponding to word order
= SVO, LexTALE score = 0, LexTALE-ESP score = 0, BLP score
= 0, and Flanker Interference RT = 0, is at 7.94 (95% CI [7.81,
8.08], £(1,270) = 115.08, p < 0.001). The effect of word order OVS
is statistically non-significant and negative (beta = —8.93e-03, 95%

3 Sentence RT; = By + B1 x WordOrderOVS; + B, x LexTALE; + B3 x
LexTALE-ESP; + B4 x BLP; 4+ 5 x Flanker; + (ug; + uy; x WordOrder;) + ¢;.

4 Subject Choice RT; = B¢ + B1 x WordOrderOVS; + B, x LexTALE; + B3 x
LexTALE-ESP; + B4 x BLP; + 5 x Flanker; + uj;) + €;.
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CI [—0.11,0.09], £(1.270) = —0.18, p = 0.858; Std. beta = —5.35¢-03,
95% CI [—0.06, 0.05]). Unlike with the Spanish condition, the OVS
word order is not significantly different from the SVO word order.
Examining Figure 2, the similarities in the distribution of the RTs
to the English sentences between the two word orders can be seen.
The effect of LexTALE score is statistically significant and negative
(beta = —0.17, 95% CI [—0.31, —0.03], (1 270) = —2.38, p =0.017;
Std. beta = —0.20, 95% CI [—0.37, —0.04]). The effect of LexTALE-
ESP score is statistically non-significant and positive (beta = 0.09,
95% CI [—0.06, 0.23], t(1270) = 1.20, p = 0.229; Std. beta = 0.11,
95% CI [—0.07, 0.28]). Thus, for the English sentences, English
vocabulary size or proficiency predicts faster RTs, and Spanish
vocabulary size or proficiency is not a significant predictor. The
effect of BLP score is non-significant and positive (beta = 0.12, 95%
CI [—0.02, 0.27], (1 270y = 1.65, p = 0.099; Std. beta = 0.15, 95% CI
[—0.03, 0.32]). This pattern is similar to the Spanish model but not
quite significant, BLP slows the RTs, but to a lesser degree. As the
BLP increases by one level, RT also increases. Finally, the effect of
Flanker Interference RT is statistically non-significant and positive
(beta = 0.02, 95% CI [—0.12, 0.17], t(1 270) = 0.34, p = 0.736; Std.
beta = 0.03, 95% CI [—0.14, 0.20]).

Subject choice RT models

Spanish

The model’s total explanatory power is substantial (conditional
R? = 0.35) and the part related to the fixed effects alone (marginal
R?) is 0.23. The models intercept, corresponding to word order
= SVO, LexTALE score = 0, LexTALE-ESP score = 0, BLP score
= 0, and Flanker Interference RT = 0, is at 7 7.35 (95% CI
[7.23, 7.46], tl1272) = 126.33, p < 0.001). The effect of word
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order OVS is statistically significant and negative, predicting
faster RTs in choosing a subject (beta = —0.65, 95% CI [—0.72,
—0.58], t[1,272) = —17.39, p < 0.001; Std. beta = —0.40, 95% CI
[—0.44, —0.35]). In Figure 3, log RTs appear on the x-axis. It is
evident the OVS distribution of RTs is skewed slightly to the left
compared to the SVO distribution. The effect of LexTALE score
is statistically significant and negative (beta = —0.19, 95% CI
[—0.30, —0.08], £{1272) = —3.28, p = 0.001; Std. beta = —0.23,
95% CI [—0.36, —0.09]). The effect of LexTALE-ESP score is
statistically non-significant and negative (beta = —0.06, 95% CI
[—0.18, 0.06], t{1272) = —1.03, p = 0.301; Std. beta = —0.08,
95% CI [—0.22, 0.07]). The sentence-reading RTs, when choosing
a subject in Spanish, increased LexTALE score predicts faster
RTs, but LexTALE-ESP scores do not. The effect of BLP score is
nearly statistically significant and positive (beta = 0.11, 95% CI
[—5.75e-03, 0.23], t[1272) = 1.87, p = 0.062; Std. beta = 0.14,
95% CI [—7.02e-03, 0.28]). The effect of Flanker Interference RT
is statistically non-significant and positive (beta = 0.01, 95% CI
[—0.10, 0.13], t[1,272] = 0.21, p = 0.833; Std. beta = 0.01, 95% CI
[—0.12, 0.15]).

English

The model’s total explanatory power is substantial (conditional
R? = 0.28) and the part related to the fixed effects alone (marginal
R?) is 0.10. The model’s intercept, corresponding to word order
= SVO, LexTALE score = 0, LexTALE-ESP score = 0, BLP score
= 0, and Flanker Interference RT = 0, is at 7.38 (95% CI [7.30,
7.47], t1,272) = 173.75, p < 0.001). The effect of word order OVS is
statistically significant and predicted faster RTs (beta = —0.06, 95%
CI [—0.11, —0.01], £{1 272 = —2.40, p = 0.017; Std. beta = —0.06,
95% CI [—0.11, —0.01]). This relationship is seen in Figure 4 where
the OVS RTs distribution is shifted to the left in comparison to the
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SVO RTs. The effect of LexTALE score is statistically significant and
negative (beta = —0.12, 95% CI [—0.20, —0.03], t1,272) = —2.75,
p = 0.006; Std. beta = —0.23, 95% CI [—0.39, —0.06]). Greater
English vocabulary size leads to faster RTs in English sentences.
The effect of LexTALE-ESP score is statistically non-significant and
positive (beta = 8.48¢-03, 95% CI [—0.08, 0.09], t[1,272] = 0.19, p
=0.847; Std. beta = 0.02, 95% CI [—0.15, 0.19]). Here we see a
similar pattern to the Spanish choice RT results: LexTALE scores
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predict faster RTs in choosing a subject in English sentences, but
LexTALE-ESP scores do not. The effect of BLP score is statistically
significant and positive (beta = 0.11, 95% CI [0.02, 0.19], t[1,272] =
2.43, p = 0.015; Std. beta = 0.21, 95% CI [0.04, 0.38]). Increases
toward English dominance lead to slower RTs in English sentences.
The effect of Flanker Interference RT is statistically non-significant
and negative (beta = —0.04, 95% CI [—0.12, 0.05], ¢[1,272] = —0.90,
p = 0.368; Std. beta = —0.08, 95% CI [—0.24, 0.09]).
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Discussion

To understand how Spanish-English heritage speakers have
integrated two of the strongest cues in their languages, we analyzed
RT for sentence reading and choice selection and looked at the
difference in the binary subject choice in both English and Spanish.
To answer our first research question about which cue is being
used when the two cues are in competition, we ran two GLMM
models to look at which noun the participants would pick in
each language. Generally, we predicted that if participants were
utilizing the word-order cue, they would choose the first noun
significantly more than the second noun in the OVS conditions.
In contrast, if they were using the agreement cue, they would pick
the second noun more in the OVS Spanish condition. However,
these predictions—along with their corresponding proficiency
predictions—were not observed.

For the English OVS sentences, participants selected the second
noun the majority of the time. Our prediction assumed that even
with an amalgamation of cues from both languages, participants in
the English condition would still default to choosing the first noun.
However, participants appeared to be more evenly split in their
processing of the OVS word order than their processing of the SVO
word order. In the English OVS condition, the distinction between
third-person singular and third-person plural verb agreement is
only that of one character (-s). Therefore, participants could have
mentally corrected for, skipped, or thought that the -s was a
mistake. This could have easily happened in sentences such as
“Colors changes the traffic light.” A little less than half of the OVS
English sentences had a third-person plural as the subject to balance
the -s deletion; however, mental correction could still be happening.
If participants are mentally correcting the OVS sentences to, for
example, “Colors change the traffic light,” participants would need
to be suspending semantic plausibility but would be relying on
English’s strong word-order cue. This could account for a small
percentage of participants choosing the first noun as the subject in
the OVS condition, with this sentence being the most likely culprit
as colors can change. For this first example, participants would not
know they have misprocessed the OVS sentence until they read the
second noun. If most of the OVS sentences were similar, perhaps
the OVS condition would have been slower. This mistake is less
likely to happen for OVS sentences such as “The pants smooths the
iron,” because pants do not smooth. Sentences like these, where the
participant knows that the first noun is not the agent of the verb
immediately upon reading the verb, are much more frequent in the
stimuli. Thus, participants may be using other cues than syntactic
cues to complete the task.

Indeed, based on the UCM (MacWhinney, 2013, 2022) and
the findings from Mahowald et al. (2023), there could be two
interpretations of this result. When recruiting for this study, we
specifically looked for Spanish heritage speakers, or speakers that
had learned Spanish first in the home. Thus, for these participants,
Spanish was their first language, although, likely due to external
factors and influences, the majority of participants are more
proficient and dominant in English (LexTALE M = 89.65%, BLP-
English M = 185.7/218) than Spanish (LexTALE-ESP M = 67.76%,
BLP-Spanish M = 151.65/218). Therefore, what we see in this
context is likely forward transfer, not amalgamation. Participants
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may be using the L1 Spanish agreement cues on L2 English
OVS sentences. However, the results from the Spanish GLMM do
not correspond well to this explanation. In the Spanish sentence
condition, there was a 93% (compared to the 97.3%) probability
of participants selecting the second noun in the OVS word order.
For forward transfer to be the most probable explanation, we would
expect to see at least the same or higher likelihood of choosing the
agreeing noun in Spanish over English. Thus, the agreement cue,
which is stronger in Spanish than in English (Reyes and Herndndez,
2006), does not appear to provide a strong explanation for these
results. For the same reason, we do not favor a differentiation
explanation. If there had been a differentiation of cues, we would
have expected that in the English OVS condition, our participants
would have chosen the first noun, corresponding to English’s strong
word-order cue.

Mahowald et al. (2023) suggest that IA-IA sentences, like those
used in this study, are less likely to be reversible. Despite word-
order shifts, IA-IA sentences are limited in how thematic roles can
be assigned due to semantic relationships, such as some IA nouns
being more agentive. Thus, participants who have more knowledge
of English semantics are more likely to pick the correct subject
according to the semantics of the words in the sentence than they
can in Spanish, due to lower Spanish proficiency. This accounts
for the higher probability of choosing the second noun, or the
agreeing subject, in English (at 97.3%), in comparison to Spanish
(at 93%). While this seems to be a more sensible explanation of
the data, further studies are needed to test this explanation fully.
We propose future studies to test this: first, testing IA-IA sentences
in different word orders or using words in lemma forms and not
in sentence structure as in Mahowald et al. (2023) to lessen the
effect of syntax or, second, including more proficiency measures
specifically targeting semantic knowledge in both languages, since
the LexTALE-ESP might not be a sufficiently precise enough tool
for our purposes.

Nevertheless, this lexico-semantic-based conclusion is also
supported by the good-enough processing model (Ferreira et al.,
2002; Ferreira, 2003; Karimi and Ferreira, 2016). While typical
readings of sentences may trigger the first-noun-as-agent heuristic,
the first nouns of these OVS sentences are not typical agents
or subjects in sentences. In this study, participants could have
begun a semantic reading of the sentence, merely reading for
meaning and plausibility, and picked the appropriate noun from
that analysis. However, if we accept this position, we would be
assuming, based on the results of this study, that reading for
a semantic representation is faster than reading for a syntactic
representation. This is supported in electroencephalogram (EEG)
studies that show lexical conflicts are triggered at the N400 before
P600 syntactic conflicts (Frenzel et al., 2011). Frenzel et al. (2011)
found that the N400 was specifically induced when there were
violations in assigning the actor thematic role, but it also was not as
large with inanimate nouns. Furthermore, work with IA-IA longer
sentences and eye tracking to examine the reading patterns of
Spanish-English bilinguals would address this issue more directly,
or in EEG, to examine the N400 response to IA-IA actor violations.

From these GLMMs, we can also test our hypothesis on
whether participants with higher Spanish proficiency would choose
the verb-agreeing noun. While there was an overall increased
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likelihood of choosing the second noun, or the agreeing noun, in
the OVS word order, proficiency did not have a significant effect on
the choice of nouns in either language. Because proficiency was not
significant in these models, the hypothesis is not supported. As seen
in studies on late bilinguals (Isabelli, 2021; Copeland, 2022), we
would have expected to see at least proficiency, if not dominance,
to play a role if subject choice were due to forward transfer. Neither
variable significantly predicted word selection. However, the claim
that results are due to the inherent nature of IA-IA sentences
and possible good-enough processing cannot fully be supported
without further studies.

To answer Research Question 2 regarding the impact of
proficiency on RTs, we performed two sets of LMEs, with cluster-
centered, log-transformed RTs. In the LMEs for sentence RTs,
we found that the participants read the Spanish OVS sentences
faster. Forward transfer of the Spanish agreement cue can explain
these results as well as the prior studies showing IA-IA sentences
are less reversible. Although with either of these, we expected
the RTs to be similar across word-order conditions, not faster
in the OVS condition in Spanish. Our expectation was the
agreement would reduce RTs in the OVS condition to be on par
with those in the SVO condition, considering the OVS is not
a typical word order in Spanish. Previous research has found
that, in comparison to Spanish monolinguals, Spanish-English
bilinguals tend to prefer SV constructions to VS constructions
(Nava, 2007), the forward-transfer explanation for the faster
OVS RTs is not strongly supported. If TA-IA sentences being
less reversible were the only explanation, we would expect
slower RTs in the OVS condition, as participants reread the
sentences upon realizing they had misprocessed. However, if
we were seeing a differentiation of cues, we would expect that
the OVS word order would be much slower in English as
it is a non-canonical word order and participants would not
know they had misprocessed the sentence until they had read
the verb or the second noun. However, the word-order RTs
in English were not significantly different, leading us to seek
another explanation.

In these sentence RT LMEs, we also see that an increase
in English proficiency leads to a decrease in reading time in
English and a near-significant decrease in reading time in Spanish.
While this result makes sense in the English condition, this
pattern was not expected in the Spanish condition. Paired with
the result that an increase in a BLP score, associated with English
dominance, corresponds to a significant increase in RTs in the
Spanish sentences, the picture here is quite complex. We consider
two interpretations for this pattern of results. First, this pattern
could be due to the participants’ less than fluent levels of Spanish
proficiency (LexTALE-ESP M = 67.76%). If the participants had
more of a range or higher proficiency scores, it is possible we would
have seen Spanish proficiency have a significant effect on RT. In
general, with these measures, there can be a ceiling effect. While
that does not seem to be the case with the LexTALE-ESP, it could be
the case with the LexTALE where the average score was quite high
(M = 89.65%). These issues could account for the lack of power
in the models for the measures related to proficiency. Increasing
the participant pool size could increase the range of proficiency
scores. Additionally, having a more in-depth proficiency measure
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to better tease out differences between participants in future studies
seems necessary.

Another interpretation could be that having higher proficiency
and/or literacy in one of the known languages when the languages
are closely related (as Spanish and English are) is all that is necessary
for interpreting sentences as simple as these. This view is supported
by Karaca et al. (2024), who found that literacy and writing
skills in either of their participants’ languages helped with cue
prediction. This could account for finding that the LexTALE, which
measured the language of formal education for these participants,
was a marginally significant predictor of RT rather than the
LexTALE-ESP. Although the sentences were simple, the higher
effect of English proficiency on the reading component of this
study could be attributable to the amount of formal education
in the Spanish language. Many participants did not have formal
education in their heritage language and might have been forced
to rely on their English proficiency or literacy. These claims,
however, require further testing to be verified. Further studies could
look at specifically testing participant biliteracy, including years of
education in each language in the models, presenting auditory-
only stimuli, and comparing unrelated languages. Transforming
the study into an auditory-only study or testing literacy could
control for the language-education factor. Additionally, because
Spanish and English are related languages, there are a substantial
number of cognates, and the grammars are similar. Thus, testing
two unrelated languages could limit how much influence English
proficiency has on the other language’s RTs. It could also reduce
the influence of shared literacy skills, especially in the case of
shared orthographies, and cognates. However, the hypothesis of
higher proficient participants being faster at processing Spanish
OVS sentences is not supported because proficiency did not have a
significant impact on RTs. Such explanations would require further
study or additional analysis from a non-frequentist framework.

Finally, results from the choice RT LMEs are worth considering.
In these models, similar outcomes were observed. In both
languages, we found a decrease in RT in the OVS condition
choices. This mirrors our previous analysis of forward transfer
or interference with IA-IA sentences or good-enough processing.
BLP English dominance leads to slower RT, but an increase in
English proficiency leads to faster RTs in both languages. Our
participants were not balanced bilinguals. In proficiency and
dominance, they favored English. The participants who were
more English-dominant were slower at choosing a subject as
they were less able to harness the agreement cue from Spanish.
However, it could be that proficiency in English was helpful in
selecting the subject. LexTALE is considered an indirect measure
of proficiency, under the assumption that a higher vocabulary size,
what LexTALE is truly measuring, is correlated with an increase
in language proficiency (Lemhofer and Broersma, 2012; Bonvin
et al., 2021). Looking past its use as a quick proficiency measure,
we could interpret the findings as participants with a larger English
vocabulary size are faster in an exercise with simple sentences by
relying on the pure semantics of the words rather than extraneous
context clues. Or the significance of the LexTALE in these models
might be highlighting that bilinguals might be more apt to rely
on semantic representations rather than syntactic, especially in
unfamiliar or difficult syntactic constructions (Ferreira, 2003; Lim
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and Christianson, 2013; Karimi and Ferreira, 2016). When we
look at our other measures related to proficiency, the Flanker
task was never a significant factor in our statistical models. The
Flanker and LexTALE (r = 0.22, p > 2.2e-16) are poorly correlated
for our participants, even more so for the LexTALE-ESP (r =
—0.063, p = 2.8e-06). The absence of significant effects in the
Flanker task may be attributed to the imbalance in bilingualism
among our participants, who exhibited greater dominance and
proficiency in English. This observation aligns with the findings of
Thomas-Sunesson et al. (2018), who reported a more pronounced
Flanker effect among balanced bilinguals. These results suggest the
measures related to language proficiency utilized in this study may
not be adequate to yield precise information about proficiency for
this research context, although they are widely used in language
research. To investigate this possibility further, including a separate
measure of proficiency and the LexTALE to purely test vocabulary
size may be appropriate. Finally, investigating heritage bilinguals
from a good-enough-processing perspective more directly could
reveal more clearly how cues are integrated between languages with
the awareness of bilingual reliance on semantic processing.

Conclusion

While this study was intended to further our understanding
of bilingual sentence processing in the view of the UCM, due to
study design and stimuli, little evidence was found corresponding
to past UCM findings. According to the CM and applied studies,
animacy is a weak cue in English and Spanish, in comparison to
word order and agreement (Bates and MacWhinney, 1989; Pham
and Ebert, 2016). However, this study suggests that the animate
quality of nouns and their semantic features can prevent higher
order cues from impacting how a sentence is processed. Thus,
while our participants were not shown to be sensitive to the
stimuli as a function of language proficiency or dominance, they
do seem to be sensitive to animacy’s interaction with semantics
in simple sentences. Additionally, our results demonstrate that
when reading Spanish sentences and choosing subjects, the non-
canonical word order predicted faster RTs, due to reliance on
lexico-semantics as supported by vocabulary size in English, rather
than due to the syntactic frame. Overall, these findings lend support
to the good-enough processing model proposed by Ferreira et al.
(2002). However, it is not clear whether the shift to a good-enough
processing for OVS sentences is faster for bilinguals because they do
not have to search for cues supporting their syntactic representation
or if it is because these bilinguals had better vocabulary than
syntactic acquisition. Additional studies are necessary to tease
out the relationship between inter-sentential cues and superseding
factors of semantics.
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