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Abstract: This manuscript addresses the phenomenon of masked priming in bilingual individuals.
We employed a lexical decision task with masked translation priming, which serves as a valuable tool
for elucidating the orthographic and lexical processes involved in the initial stages of reading. Our
study builds upon previous research conducted on monolingual masked priming, which consistently
demonstrates shifts in the response time (RT) distributions when comparing related and unrelated
primes. Within the framework of a diffusion model, we implemented two theoretical positions.
First, we posited that translation priming operates at the orthographic level, resulting in enhanced
efficiency during the encoding process. Second, we explored the possibility that translation priming
operates at the semantic level, influencing the accumulation of evidence during the lexical decision
task. Our findings indicate that translation priming elicits outcomes similar to those observed in
monolingual priming paradigms. Specifically, we observed that translation priming facilitation is
manifested as shifts in the RT distributions. We interpret these findings as suggesting that the benefits
derived from the encoding process are not specific to the accessed lexicon following brief stimulus
presentation.

Keywords: bilingualism; lexical access; masked priming; translation priming.

1. Introduction

A primary concern of bilingualism research has been to describe the interaction between the two
lexicons available to bilingual individuals. Hence, researchers have enthusiastically argued about how
one language might facilitate or inhibit the processing of the other language during the early moments
of reading. Adding to this literature, the present work aims to use state-of-the-art methodology to
explore the nature of lexical access in bilingual individuals. We do this by examining performance in a
lexical decision task with masked priming by two rather distinct types of bilinguals: sequential and
heritage speakers.

Lexical access can be understood, using the seminal Balota and Chumbley [1] description, as
mapping perceptual features to an internal representation of words. A common experimental
procedure to explore lexical access is the lexical decision task and its extension, the masked priming
procedure. Lexical decisions involve the presentation of strings of letters that can form words (e.g.,
DOCTOR) or non-words (e.g., DOTHIR). A particularly fruitful paradigm within lexical decisions is a
technique originally developed by Forster and Davis [2] called masked priming [see 3,4, for reviews].
Masked priming allows researchers to investigate orthographic, semantic, identity, and phonological
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effects in visual word recognition [3-6]. This technique typically includes a mask of characters (######)
that appears for about 500 ms followed by a prime that only lasts for 67 ms or less, which in turn is
followed by the target string of letters that participants are to make a lexical decision about (see Figure
1). The prime is a stimulus that could influence the response to the target [2], therefore, researchers
manipulate the relationship between primes and targets to explore mechanisms of interest. In this case,
our focus will be on translation priming.

Premask
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Translation vs
Unrelated
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rescate Target

500 ms

RANSOM Response

67 ms

Figure 1. Representation of the timing of the trials.

Translation priming refers to a setup in which the prime word, that is presented in one language,
is followed by the presentation of a target word in another language [7]. Due to the etymological roots
of words in the languages of interest (in our case Spanish and English), there can be different degrees
of orthographic overlap between the prime and the target [see 8, for an examination of the different
types of primes]; examples can be seen in Table 1. In this research we use four types of prime-TARGET
relationships: (1) identity cognate primes that share meaning and orthography with target words (e.g.,
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doctor - DOCTOR)!; (2) non-identity cognate primes that share meaning, and a similar orthography
with the target (e.g., sal - SALT); (3) non-cognate translation primes that do not share orthography
but do share meaning (e.g., silla - CHAIR); and (4) unrelated primes that do not share orthography
or meaning with the target (e.g., casa - PLAY).

Table 1. Type of primes used in this study.

Type of priming Prime  Target
Identity Cognate: Translation prime with an orthographically identical word doctor DOCTOR
Non-identity Cognate: Translation prime that are orthographically similar but not identical sal SALT

Non-cognate: Translation prime that are not orthographically similar silla  CHAIR
Unrelated: Non translation casa PLATE

Translation priming consistently yields faster response times to the targets relative to unrelated
primes, particularly for L1 primes and L2 targets [9-11]; and for proficient bilinguals in both directions
[12]. This is the case for identity (e.g., doctor-DOCTOR) and non-identity cognates (e.g., plato-PLATE),
which share orthographic and semantic representation [13]. More intriguingly, even words that are
not orthographically related, but are still translation pairs, such as caballo and HORSE, are thought to
activate shared semantic representations because of their conceptual relationship [8]; as is evident by
the facilitation of responses in these cases as well.

1.1. Masked Priming as savings.

To explain masked translation priming, we have found it useful to consider the models of masked
priming in the monolingual literature. An influential account is that masked identity prime words have
an encoding advantage over unrelated primes because of how they activate letter representation at an
abstract level. This explanation, termed the savings account [3] was implemented within a perceptual
accumulation framework by Gomez et al. [14] and Gomez and Perea [6]. The main insight is that
activation of letter representation for the target occurs upon exposure to the prime, providing savings
in the letter encoding process [3,5].

The savings hypothesis has not been a focus with translation masking priming; however, some
adaptation of the idea is in order considering that facilitation from cognate primes is higher than
from non-cognate primes. This evidence suggests that the savings account would apply to translation
priming. This facilitation has been noted as evidence of the non-selective nature of bilinguals when
accessing the lexicon [8].

1.2. Cross-language Inhibitory effects

While the facilitation effects of masked translation priming are quite robust and not in question,
it must be noted that switching from one language to another comes at a processing cost. This
observation has yielded a vibrant literature exploring the generality vs. specificity of cognitive control
for bilinguals [15-17]. Perhaps the dominant view, until recently, has been that the reason for inhibition
in code switching is external to the mechanisms that are specific to language and that the cost is
due to executive control factors, such as those that are related to decision making in laboratory tasks
[15,17-19].

The inhibition that takes place in language switching comprehension for bilinguals has been
found to be asymmetrical in that the cost for the switch from L1 into L2 is greater, while in language
switching production, the cost is greater switching from L2 into L1 [16,18]. In the present work, we
aim to explore if evidence of inhibition can be uncovered within translation masked priming. To do so,

1 We use the term identity instead of identical to convey that the letter case of the prime and target is different, so strictly

speaking, the two stimuli are not identical
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we use distributional analyses interpreted under the framework of evidence accumulation models.
Hence, an explanation of such models and their relationship with masked priming is in order.

1.3. Perceptual Accumulation Models

In the last two decades, perceptual accumulation models have been useful tools to understand
performance in two choice tasks. Although some researchers [e.g., 17] have used this type of model to
explore issues related to bilingualism, the bulk of the work has been in a monolingual context.

Of particular relevance to this research is the work done with the drift-diffusion model [20] to
account for word /non-word decisions [lexical decision task 21,22]. The drift-diffusion model (DDM
from now on), assumes that tokens of evidence are accumulated over time towards either the “word”
or the “non-word” decision boundaries. This evidence accumulation is stochastic, meaning that it
does not always go in the same direction, and once it hits the decision boundary, a motor response is
initiated (e.g., pressing the button for the “word” response).

For the purposes of this research, there are two parameters of the model that are most relevant:
1. The drift rate parameter, which is the rate at which evidence is accumulated (Ratcliff et al., 2004
showed that variables such as word frequency can be accounted for by this parameter; unmasked
priming also affects this parameter). 2. The T, parameter, which represents the encoding time (i.e., the
time taken to transform the sensory information into lexical information) and response execution (the
“e” in T,, stands for encoding and the “r” in T, stands for response execution).

A major advantage of the model is that these two parameters account for quite different patterns
of data. Differences in the drift rate yield effects in the accuracy rate, and also change the shape of the
RT distribution. On the other hand, changes in the T, parameter produce a shift in the distribution
with negligible changes in accuracy. Importantly for this research, the model-based analyses indicate
an encoding advantage of identity primes [5,6,14]. This is captured by the T,, parameter and yields
equal effects across all quantiles of the RT distribution.

While the diffusion model is not a model of lexical access, and certainly not a model of
bilingualism, we find it useful ? to implement two theoretical positions about masked priming. These
two plausible competing implementations within the drift diffusion model were proposed by Gomez
et al. [14]. In one implementation of the model, the T., parameter is thought to be affected by the
priming effect. In the competing implementation of the model, the drift rate parameter is thought to be
affected by the priming effect [6,23]. These implementations within the model assume that RTs are a
result of the sum of the three processes: encoding, evidence accumulation, and response execution. The
encoding and response execution are captured by the T, parameter, and the evidence accumulation
is described principally by the drift rate, which is the average rate of evidence accumulation. The
difference in RTs from identity and unrelated masked primes have been accounted for by a change
in the T,, parameter (encoding time and response execution), while there are no differences in the
drift rate parameter [5,14]. Ong et al. [17] used the diffusion model to explain the drift rate and the
non-decision time in their study and found both parameters to be impacted, which revealed a hybrid
interpretation in that the cost is due to both language switching and interference in task switching from
previous trials. The task switch cost is consistent with interference from trial to trial task switching
[19], and language switch costs when considering the RT distribution shows an effect on both the drift
rate and T,, parameters [17].

In a monolingual setting, the differences in RTs between the identity and unrelated prime
conditions reflect a shift rather than a change in shape in the distributions. This has been interpreted
as support for the savings account hypothesis [3,6,14,24]. Briefly stated, the savings account refers to a
head start in the orthographic processes due to the prime. It is important to note that this account does
not pertain to a head start in the evidence accumulation process.

2 "All models are wrong, but some are useful. -George Box"
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The main question in this work is if translation priming yields similar effects (a shift in the RT
distribution) as monolingual identity priming. To address this question, we will explore the masked
translation priming effects using cognate and non-cognate translations as prime-TARGET pairs.

1.3.1. Overview of the Experiments.

Bilingualism is a complex phenomenon, and a taxonomy of bilingualism is not simple because
factors such as fluency, timing of acquisition, and others come into play. In bilingualism research, it is
common to say that “no two bilinguals are the same” [e.g., 25]. In the present study, we compare two
different types of bilinguals: sequential bilinguals and heritage speakers.

In Experiment 1, we used participants who can be described as sequential bilinguals [26] that
speak English as a second language. Their first language is Spanish, and they live in Spanish-speaking
countries. These participants fluently read and write in their first language. We collected the data from
this group through the online system prolific.com.

In Experiment 2, on the other hand, we used participants who can be described as heritage
speakers of Spanish. A heritage speaker is defined as someone who learned a language from birth that
is not the dominant language in the country where they live; hence, they are considered a linguistic
minority [27]. In our study, the participants in Experiment 2 are Spanish heritage speakers who learned
Spanish at home but live in Southern California, where English is the dominant language, and they
attend university where English is the only language of instruction. As is the case with many heritage
speakers, their fluency in Spanish varies, and some might not be able to speak it fluently, but we
ensured that they can understand it (see Methods Section).

We found the comparison of translation priming effects in these two groups of theoretical interest
because the sequential bilingual subjects have well-formed lexical representations and orthographic
processing of Spanish words in a way that heritage speakers do not.

2. Experiment 1
2.1. Methods

2.1.1. Participants

Sixty-two participants were recruited (30 self-reported females, 32 self-reported males) with a
mean age of 27.0 years (SD=9.7, age range=19-73 years) via the online platform Prolific Academia
(http:/ /prolific.ac).

With this sample size, we obtained 13,268 observations in the critical comparison (translation
vs. unrelated primes), which is in line with Brysbaert and Stevens [28] for small-sized effects. We
used Prolific Academia’s filtering functions with the following criteria: a gender-balanced panel,
participants whose first language is Spanish, participants who report both their country of origin and
their country of residence as a Spanish-speaking country (we defined Spanish-speaking as Spain and
all countries in Latin America except for Brazil), and self-reported proficiency in English. Note that we
filtered for participants with more than 75% accuracy in the lexical decision task, which was performed
in English. This filtering process removed four participants from the analyses.

2.1.2. Materials

Target items

Angele et al. [5] demonstrated that the online studies over the Prolific platform can yield good
quality masked priming data. The targets for the lexical decision tasks were the same as those used by
Angele et al. [5], which were as follows: 215 six-letter English words from the English Lexicon Project
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[29], with mean Zip frequency [30] of 3.8 (range 1.9-5.5), and mean OLD20 [31] of 2.1 (range 1.4-3) .
We also selected 239 matched, orthographically legal (in English) six-letter non-words.

The reason for the slight discrepancy between the number of words and non-words was that we
wanted to utilize as many of the Angele et al. (2022) items as possible, which consisted of 240 words
and 240 non-words. However, one non-word was eliminated as it created a Spanish word, and 25
words were removed because we could not find a single-word equivalent translation (e.g., to convey
the English word “fumble” in Spanish, one would say “dejar caer”).

Primes

For each word target, we created a translation prime (e.g., hilo for the target THREAD) and an
unrelated prime (e.g., viajar); the unrelated prime was a translation prime for another word from the
list. For the non-word targets, we also used words in Spanish from the list as primes. The Appendix
contains a list of the target items, and all counterbalanced lists can be found in the online repository.

2.1.3. Procedure

We performed a masked priming procedure with the following structure: a pre mask (########)
was presented for 500 ms, then a prime that was a word in Spanish was presented for 67 ms, which
was followed by the presentation of a TARGET string of letters (see Figure 1). After the presentation of
the TARGET, participants then decided if the string of letters represented an English word by pressing
z for non-word and m for word for their response. The trial timed out after 2 seconds, and such trials
were not used for the analyses presented below. The experiment took about 15 minutes.

2.1.4. Data analysis

The data inclusion/exclusion plan was as follows: we pre-planned for 60 participants with the
features described above. Given that the participants reported Spanish to be their first language
and that they were located in Spanish-speaking countries, no Spanish test was administered. The
criterion for using the data was 75% correct overall performance, which was achieved by all but four
participants. Since the trial timed out at 2 seconds, we decided not to set cutoffs for the RTs.

The data analysis plan was as follows:

We first examined whether there was evidence for a masked priming effect on the RT and, if so, in
which direction. We used Bayes Factors as our tool for statistical inference; then, we generated delta
plots for the latency data; to conclude, we interpreted these results within the evidence accumulation
framework.

2.2. Results

Table 2 shows the mean RT and the mean accuracy for all the types of stimuli. As can be seen,
the high accuracy across all the conditions indicate that participants were able to carry out the task
accurately and with RTs in line with other published data. Numerically, the priming effects are evident;
and the sizes of the priming effects reflect the level of similarity between the primes and the targets: 61
ms for identity primes, 35 ms for cognates, and 9 ms for non-cognates (all faster compared to unrelated

controls).
Table 2. Summary of findings from Experiment 1.
Translation Prime Unrelated Control Difference
Unrelated -Translation
Type of translation prime Mean RT Mean Accurarcy Mean RT Mean Accurarcy RT Accuracy
Identity Cognate 643 941 714 .958 61 017
Non-identity Cognate 695 929 730 .907 35 -.022

Non-cognate 732 .867 741 .861 9 -.006
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The inferential method employed in this study was Bayes Factors, which provide a quantitative
measure of the evidence supporting one model over another [32]. Specifically, our aim was to assess
whether there is empirical support for a priming effect on response time (RT). For this purpose, three
models were considered: (i) a null model (Mj) assuming the absence of a priming effect, included for
completeness; (ii) a main effect only model (M,;) assuming a priming effect but no interaction with
the type of translation prime (cognate vs non-cognate); and (iii) a full model (M;) that includes an
interaction term between the type of translation and priming effects.

Based on the computed Bayes Factors (BFs) in this study, we can conclude that the null model,
positing the absence of a priming effect, can be rejected. The BF for the main effect model relative to the
null model was 5 x 107, indicating substantially stronger evidence in favor of the former. However,
the comparison between the full model and the main effect model is more relevant to the research
question at hand. The BF for the full model relative to the main effect model was 65, indicating that
the full model is 65 times more supported by the data than the main effects model.

2.3. Distributional Analyses

In cognitive psychology, there is a long tradition of analyzing latency data with methods that go
beyond the mean RT. In order to investigate the priming effects associated with translation priming,
we conducted a comparative analysis of the empirical reaction time (RT) distributions. Specifically, we
utilized delta plots to characterize the differences in latency distributions. It is important to note that
this method lacks established inferential properties, thus our subsequent discussion focuses exclusively
on qualitative effects.

Delta plots are a commonly utilized tool for visualizing the temporal evolution of a latency effect,
such as identity priming or task effects [33,34]. The construction of delta plots involves the following
steps:

The first step in constructing delta plots involves obtaining the reaction times (RTs) for correct
responses at specified quantiles (e.g., .1, .3, .5, .7 and .9) for each participant in the conditions being
compared. In the second step, the RTs obtained in the first step are averaged across participants, which
are also referred to as vincentiles in the RT literature [35]. In the third step, the average RT between
the two conditions is computed for each quantile in the vincentiles. The differences between these
averages, the delta, are then calculated while preserving the sign. Finally, in the fourth step, a plot is
created where each quantile is represented by a point, with the averages plotted on the x-axis and the
delta on the y-axis.

It is important to note that delta plots, as described above, are based on residual quantiles (i.e.,
the RTs at quantiles in condition A minus condition B). This makes them useful for providing insight
into the temporal dynamics of an effect, particularly when viewed through the lens of process models.
For instance, a flat line at y = 50ms would indicate a 50-ms shift in the RT distributions, which may
suggest faster encoding times in evidence accumulation models (see Gomez et al., 2013 for an example
of such an interpretation in the standard masked priming technique). On the other hand, an ascending
function would suggest that the effect grows for slower responses, which could be interpreted as a
difference in the rate of evidence accumulation.

As previously noted, delta plots require the comparison of two conditions. In our examination
translation priming, it is logical to conduct distinct comparisons for each type of translation, which are
presented in separate lines. Specifically, we focus on the difference between the translation primes
and their controls for cognate and non-cognate translations. Importantly, given the small number of
identity translation primes (doctor - DOCTOR) in the materials, we collapse the identity and non-identity
cognates into the “cognate” category.

As can be seen in Figure 2, the delta plots for both cognate and non-cognate translation primes are
straight horizontal lines. Recall that these plots are constructed by calculating the difference between
the translation primes and their controls at the .1, .3, .5, .7 and .9 quantiles; hence, the graph shows two
lines.
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Figure 2. Delta plot for Experiment 1.

Most importantly, the delta plot from this experiment has the same main feature as delta plots
found by Gomez and Perea [6] and Angele et al. [5]: a flat line. This is consistent with the assumption
that the encoding process benefits from a head start in the encoding process.

3. Experiment 2

Would the masked priming effect be qualitatively similar in sequential bilinguals as in heritage
speakers that have little to no exposure to written Spanish (the language of the prime). To explore
this question, we recruited heritage speakers of Spanish form Southern California (particularly, the
Coachella Valley).

3.1. Method

The materials and trial structure was identical to Experiment 1.

3.1.1. Participants

Twenty two participants from the California State University, Palm Desert Campus community
took part in this Experiment. We recruited via flyers and word of mouth for bilingual students. The
Palm Desert Campus serves a large number of first generation Americans and DACA recipients; hence,
there is a large proportion of Spanish-English bilingual students.

To include the participants in the analyses, we established five criteria: (1) In the language history
survey, they must indicate that either Spanish was their first language, or that they were simultaneously
exposed to English and Spanish; (2) In the language history survey, they must indicate in at least one
category of activities (a. Do math; b. Dream; c. Express affection; d. Swear; e. Watch TV; {. Read;
g. Write; h. Speak at home) that their preferred language is Spanish; (3) Their score in the Spanish
vocabulary test was above 52/90; (4) Their score in the Boston naming test was above 24/60; (5) Their
accuracy in the lexical decision task was above 75%.

Following these guidelines, none of the 22 participants were removed.


https://doi.org/10.20944/preprints202306.0839.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 d0i:10.20944/preprints202306.0839.v1

90f13

3.1.2. Procedure

Upon arrival, participants were greeted in Spanish and were given the consent form. To assess
their experience and proficiency in Spanish, we used three tools: (1) a language history survey, (2) a
Spanish vocabulary test that was administered on paper, in which they had to indicate if a string of
letters that looked Spanish was indeed a word; and (3) the Boston naming test which consists of a
series of pictures that participants were asked to name in Spanish as quickly and accurately as possible.

The procedure of the masked translation priming experiment was the same as that of Experiment
1 (see Figure 1).

The total time it took to complete the Spanish proficiency/experience and the lexical decision
experiment ranged between 30 and 45 minutes. Upon completion of the entire study, the participants
were thanked and given a 15 dollar gift card.

3.1.3. Data analysis

The data inclusion/exclusion plan was as follows: we pre-planned for 20 participants with the language
history described above. Like in Experiment 1, the criterion to use the data was 75% correct overall
performance, which was achieved by all participants. Given that the trial timed out at 2 seconds, we
decided not to set cutoffs for the RTs.

The data analysis plan was as follows: 1. We first examined if there was evidence for a masked
priming effect on the RT, and if so, in which direction. We did this using Bayes Factors as our tool for
statistical inference; 2. We drew delta plots and conditional accuracy functions for the latency data; 3.
We interpret these results within the evidence accumulation framework.

3.2. Results

Table 3 shows the mean RT and the mean accuracy for all the types of stimuli.

As can be seen, the high accuracy across all the conditions indicate that participants were able
to carry out the task accurately and with RTs in line with other published data. Numerically, the
priming effects are evident; and the sizes of the priming effects were 21 ms for identity primes, 29 ms
for cognates, and 12 ms for non-cognates (all faster compared to unrelated controls).

Table 3. Summary of findings from Experiment 2

Translation Prime Unrelated Control Difference
Unrelated -Translation
Type of translation prime Mean RT Mean Accurarcy Mean RT Mean Accurarcy RT Accuracy
Identity Cognate 675 .980 696 .957 21 -.023
Non-identity Cognate 687 944 716 .924 29 -.020
Non-cognate 687 .940 699 .943 12 .003

To compare the data from this experiment to that from Experiment 1, we summarized the average
reaction time (RT) for correct responses and the overall accuracy per participant. The data from this
experiment is quite similar to that from Experiment 1. The participants in the present experiment
were slightly faster overall, with a mean decrease of 16 milliseconds (ms). However, the Bayes factor
supports the null model with a value of BFy; = 3.11.

Regarding accuracy, the participants in this study demonstrated slightly higher accuracy
compared to Experiment 1, with an increase of 0.037. In this case, the Bayes factor favors the alternative
model with a value of BFjg = 3.72.

Like in Experiment 1, we considered three models: (i) a null model (My) that posits the absence
of a priming effect, included for the sake of completeness; (ii) a main effect only model (M,;) that
assumes the presence of a priming effect but no interaction with the type of translation prime (cognate
vs non-cognate); and (iii) a full model (M;) that includes an interaction term between the type of
translation and priming effects.
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Based on the computed Bayes Factors (BFs) in this study, we can conclude that the null model,
which suggests the absence of a priming effect, should be rejected. The BF for the main effect model
compared to the null model was 3, indicating some evidence in favor of the former. However, the
comparison between the full model and the main effect model is more relevant to the present research
question. The BF for the main effect model relative to the full model was 4021, indicating evidence

against an interaction.

3.3. Distributional Analyses

As can be seen in Figure 3, the delta plots for both cognate and non-cognate translation primes
exhibit differences. The delta plot for cognate primes shows a similar pattern to the other delta plots
observed in Experiment 1, characterized by a flat line. In contrast, the noncognate line displays distinct
behavior relative to other masked priming studies, as it increases over time.

Experiment 2 Prime Type Comparison: Unrelated — Translation

Type of translation prime cognate —e— non-cognate

60 -
40
S
g8
) . - —o
A 20

0 —

I I I I
600 700 800 900

Latency (ms)
Figure 3. Delta plot for Experiment 2.

In contrast with Experiment 1, only the delta plot for the cognates has the same main feature as
delta plots found by Gomez and Perea [6] and Angele ef al. [5]: a flat line. The non-cognates do not
show facilitation at the early quantiles; importantly, given the lack of support for the interaction in the
Bayes Factors, the difference in the delta plot can be suggestive at best.

4. Discussion

This study aimed to investigate the nature of lexical access in bilingual individuals through a
masked priming lexical decision task. The research focused on translation priming and explored the
effects of cognate and non-cognate translation primes in Spanish and targets in English. We found that
the fastest RTs were for identity cognates and the slowest for unrelated primes. This phenomenon has
been discussed in previous literature as facilitation [15-19]. We interpret this finding within an evidence
accumulation account. The evidence gathered in these two experiments warrants considering the
application of the savings hypothesis [3] to translation priming. This explanation has been prominent
in the monolingual literature, explaining the encoding advantage that related orthographic and/or
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semantic primes have on the cognitive processing of targets. We found evidence of savings in bilingual
priming, particularly in sequential bilinguals who are more sensitive to the prime as they are more
fluent in Spanish reading. Overall, the more similar the target that the participant is responding to
with the prime, the greater advantage they have because lexical entry has already begun [3,5], even
breaking language barriers.

Although we found that both the sequential bilinguals and the heritage speakers show translation
priming effects, and that the shapes of the delta plots are not that different, we find the two populations
to be of interest for future research. Our research only focused on cognitive functions that are involved
when these two populations are primed with one word in Spanish, then their perception of the target
string of letters that were English words or imitated English words. There are other implementations
within this paradigm that would be useful for us to examine, such as a comparison of a Spanish word
or English word priming a target string of letters that the participant would decide if the target is an
English word or Spanish word.

Overall, the findings of this study provide insights into the nature of lexical access in bilingual
individuals. By examining translation priming effects and applying perceptual accumulation models,
the study contributes to our understanding of the interaction between languages in bilinguals. The
results support the savings account hypothesis, demonstrate cross-language facilitation effects, and
provide evidence for the encoding advantage of identity primes. These findings have implications for
theories of bilingual language processing and can guide future research in this field. It is important
to note that the present study focused on sequential bilinguals and heritage speakers of Spanish,
highlighting the variability in bilingual populations and the need for further investigations with
diverse bilingual samples.
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