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Abstract

Existing research shows that identical cognates are read more quickly than noncognates. However, most
studies focused on words presented in isolation or embedded in sentences. To address this gap, our
exploratory eye-tracking study is the first to investigate the processing of cognates and noncognates in
English subtitles. First, we tested whether cognates differ from noncognates in terms of word processing.
Second, we explored whether gradual changes in the amount of cross-linguistic overlap predict cognate
processing (and potentially learning). We recorded the eye movements of 35 L1-Polish adult participants
with high L2-English proficiency while they watched videos with English subtitles displayed at three
different speeds. The mixed-model analyses showed that cognates and noncognates are processed for
longer in slower subtitles than in faster subtitles. Also, we found no difference in processing between
cognates and noncognates. However, more similar cognates were processed longer than less similar
cognates, except for identical cognates (e.g., Polish/English “minus”), which were processed the fastest.
The discussion addresses several implications for L2 lexical learning via audiovisual materials and makes
some recommendations for future research.
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Introduction

In today’s digital age, many people watch audiovisual (AV) materials such as TV shows and movies, and
their potential for second language (L2) learning has not gone unnoticed by researchers. Studies have
demonstrated the effectiveness of AV materials to L2 vocabulary learning (Vanderplank, 2010; Montero
Perez, 2022), especially through subtitles (e.g., Mufioz et al., 2023; Neuman & Koskinen, 1992; Peters,
2019). Subtitles may be either in the same language as the video (i.e., captions) or may be a translation into
another language, typically viewers’ L1. Other research has explored subtitle processing using eye-tracking
technology (e.g., Liao et al., 2021; Szarkowska & Gerber-Moron, 2018). Interestingly, only few studies to
date (e.g., Montero Perez et al., 2015; Wang & Pellicer-Sanchez, 2022) have used eye tracking to better
understand the processes underlying the lexical learning yielded by subtitled AV input. Still, none of them
has considered the role of cognates—words that share orthographic and semantic similarities across
languages (Otwinowska et al., 2020)—or subtitle speed on lexical processing and learning.

To address these gaps, our study uses eye-tracking technology to investigate how L1-Polish advanced
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learners of L2-English process cognates and noncognates when watching videos with L2-English subtitles
(i.e., captions') at three different speeds: 12 characters per second (cps), 20 cps, and 28 cps. As the speed
of subtitles is increasing (Szarkowska & Bogucka, 2019), we explore how speed affects such processing
and, consequently, the amount of vocabulary learning yielded by AV materials.

Literature Review

Cognate and Noncognate Processing

Cognitive processing is strongly related to lexical learning (Craik & Lockhart, 1972), forming the basis for
many theories in Second Language Acquisition (SLA) research (Schmitt & Rodgers, 2020). However, most
studies on cognate and noncognate processing have been conducted in fields such as psycholinguistics, with
isolated words and with advanced bilinguals (see Lijewska, 2020 for a review). These studies demonstrate
that cognates are processed faster than noncognates, which is called the cognate facilitation effect (Duyck
et al., 2007; Van Assche et al., 2011).

Cognate facilitation may depend on the degree of cross-linguistic similarity between the L1-L2 cognate
forms (Lijewska, 2020). This effect is pronounced among identical cognates (e.g., Polish and English
“chaos”; Duyck et al., 2007). Nevertheless, nonidentical cognates may even prompt cognate inhibition (i.e.,
slower processing; Comesaifia et al., 2015). Below, we explore the effects of cross-linguistic activation in
more naturalistic contexts as measured by eye-tracking technology.

Eye-tracking Research on Cognate and Noncognate Processing in Reading

Eye movements are assumed to be related to cognitive processing (Holmqvist et al., 2011). Thus, more and
longer fixations (i.e., stationary periods of eye focus on a certain area of interest [AOI]) represent higher
cognitive engagement (Godfroid, 2020), which may enhance lexical learning (Godfroid et al., 2013; Winke
et al., 2013). Fixation durations, measured in milliseconds, and fixation counts are, in different forms,
commonly used in SLA to measure cognitive processing. The sum of all fixation durations on an AOI (e.g.,
a word) when it is first read is known as gaze duration (GD). The sum of all fixation durations on a word,
including re-readings (i.e., revisits), is known as total reading time (TRT), whereas the sum of all fixations
is known as fixation count (FC). Eye-tracking measures may be divided into early measures (e.g., GD),
which tap into the initial stages of processing (e.g., word recognition); and /ate measures (e.g., TRT and
FC), which reflect discourse-level and likely more conscious and/or effortful processing (e.g., contextual
lexical integration/inferencing; see Godfroid, 2020, for more details and for an up-to-date list of eye-
tracking measures used in SLA). SLA studies using eye tracking typically report multiple measures
(Godfroid, 2020; Von der Malsburg & Angele, 2017) to provide a more comprehensive picture of
processing, as some effects may only occur early or late in the reading process (Godfroid, 2020, p. 208).

Almost all eye-tracking research on (non)cognate processing explored the reading of short sentences.
Shorter processing times (i.e., cognate facilitation) were found for identical cognates relative to
noncognates (Bosma & Nota, 2020; Duyck et al., 2007; Libben & Titone, 2009); however, no difference
was found between nonidentical cognates and noncognates (Bosma & Nota, 2020). Palma et al. (2020)
showed that only when the majority of cognates are identical, processing is shorter for cognates than for
noncognates (see also Arana et al., 2020). Van Assche et al. (2011) adopted a slightly different approach.
They compared cognates to noncognates and investigated the effect of cross-linguistic similarity on cognate
processing. They found that higher levels of cross-linguistic similarity increased cognate facilitation.
However, a closer look at the results {see-p—98) shows that the effect holds only for identical cognates,
which supports previous research (Bosma & Nota, 2020; Duyck et al., 2007; Libben & Titone, 2009).
Furthermore, Bultena et al. (2014) demonstrated that higher cross-linguistic overlap may result in cognate
inhibition among highly proficient L2 learners (a target group similar to the one in the current study).

Our interpretation of Van Assche et al.’s (2011) findings seems to be confirmed by Schwartz and Tarin’s
(2021) naturalistic study. They also explored the gradual effect of cross-linguistic similarity on cognate
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processing, but only with nonidentical cognates. The results signaled a quadratic (U-shaped) effect: An
increase in cross-linguistic overlap from a low to a middle point yielded cognate facilitation (shorter
processing); an increase in cross-linguistic overlap from the middle to a high point, but not identical, yielded
cognate inhibition. This interesting effect will be explored in the current study.

Similarly to other experimental studies, eye-tracking research on (non)cognate processing finds
considerable evidence of identical-cognate facilitation and nonidentical-cognate inhibition. Uafertanately;
No eye-tracking research has explored cognate processing in subtitled audiovisual (AV) material, which is
addressed in the current study and explored below.

Cognate and Noncognate Learning through AV Material

A growing body of evidence demonstrates that watching AV material is conducive to lexical learning (see
reviews by Vanderplank, 2010; Montero Perez, 2022). In SLA, this has been shown via audio-only input
(e.g., Peters & Webb, 2018; Puimege & Peters, 2019b; Rodgers & Webb, 2020) and via a combination of
audio and reading L1/L2 subtitles (Fievez et al., 2020; Montero Perez et al., 2015; Mufoz et al., 2023;
Peters, 2019; Wang & Pellicer-Sanchez, 2022). Overall, watching videos with subtitles yields more lexical
learning than watching with audio only (e.g., Peters, 2019; Wang & Pellicer-Sanchez, 2022). These studies
also show that participant-, word-, and subtitle-related characteristics may affect learning. These include
L2 proficiency (Mufioz et al., 2023; Neuman & Koskinen, 1992), age (Puimége & Peters, 2019a), word
length and concreteness (Puimege & Peters, 2019a, 2019b), L2 word frequency (Peters, 2019; Wang &
Pellicer-Sanchez, 2022), number of word occurrences (Rodgers & Webb, 2020), and subtitle length (Silva
et al., 2022).

Only three AV studies have compared the learning of cognates and noncognates, with cognates being learnt
better in all cases (Fievez et al., 2020; Peters, 2019; Peters & Webb, 2018; see Montero Perez, 2022). Such
cognate advantage is also found in cross-sectional studies comparing the knowledge of these word types
across proficiency levels (Otwinowska & Szewczyk, 2019; Puimége & Peters, 2019a). Unfortunately, none
of these studies investigated the processing underlying such learning.

Two eye-tracking AV studies have attempted to link word processing to learning. Montero Perez et al.
(2015), exploring noncognate processing in captions, found that longer fixations increased the likelihood
of accurate word recognition. Similarly, Wang and Pellicer-Sanchez (2022) demonstrated that longer
processing enhanced learning of the noncognate keywords, but only when viewers read L2-subtitles in
English, not L1-subtitles in Chinese. In other words, it seems that lexical processing positively correlates
with learning when viewers watch AV material with L2-subtitles, as is the case in our study. Still, these
studies did not investigate cognates or explored the influence of L2-subtitle speed on lexical processing.

The Role of Speed on Subtitle Processing

Although watching videos with L1/L2 subtitles is conducive to learning, it may also place a burden on
viewers’ cognitive resources, as it forces multitasking in the form of fast attention shifts from text to video
(Kalyuga & Sweller, 2021). Thus, for subtitles to be more conducive to learning, they need to be easy to
process (e.g., by ensuring sufficient time to read). However, subtitle speed has been steadily increasing in
the last decades (Szarkowska & Gerber-Moron, 2018; Liao et al. 2021), and no study to date has explored
how speed affects cognate processing (and potentially learning).

Subtitle speed is typically measured in characters per second (cps). Faster subtitles (e.g., 20 cps) tend to
contain more text and warrant a quicker reading pace than slower subtitles, leaving viewers less time to
follow the corresponding images (Szarkowska & Gerber-Moroén, 2018). Currently, typical speeds range
between 12 and 20 cps (Diaz-Cintas & Remael, 2021), with streaming services such as Netflix using up to
20 cps for English subtitles in the US market (Netflix, 2021). Fast subtitle speeds are more demanding for
viewers, leading to more shallow processing, as indicated by shorter mean fixation durations, lower fixation
counts, more skipping, and less re-reading (Kruger et al., 2022; Szarkowska & Gerber-Moron, 2018; Liao
et al., 2021).
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Researching the impact of subtitle speed on (non)cognate processing is crucial for at least two reasons.
First, it may help create subtitles that are easy to read and thus more conducive to language learning.
Second, it may help promote better experimental control in future research. One case in point is Wang and
Pellicer-Sanchez’s (2022) investigation of the lexical learning potential of bilingual subtitles. Their
participants spent more time reading L1-Chinese (the first line) than L2-English (the second line), and the
researchers attributed this to “participants’ reliance on the L1 for better comprehension [since] the aim of
the activity was understanding the content” (p. 28). This is a logical explanation. However, it is also possible
that participants may have been unable to fully read the second line in L2-English: Bilingual subtitles—
effectively, one subtitle line per language—have higher speeds, in some cases exceeding 50 cps. The
authors did not acknowledge the confounding effect of subtitle speed, which could potentially inform future
research and help generate relevant practical implications. Such example illustrates the lack of an
interdisciplinary dialogue between the fields of SLA and AV translation, wherein subtitle speed is a well-
known variable. Our study is an attempt to motivate such dialogue.

Overall, existing eye-tracking research on (non)cognate processing has mostly explored the reading of
short, isolated sentences (see Schwartz & Tarin, 2021 for an exception). No study has investigated cognate
vs. noncognate processing in subtitles or considered the role of subtitle speed on the processing of these
word types. Our current study helps fill these gaps.

The Current Study

The current study investigates cognate and noncognate processing in subtitled videos using materials
developed by Liao et al. (2021). L1-Polish participants watched six excerpts (three without images) from a
BBC nature documentary in English. This paper focuses on the three excerpts with moving images. The
excerpts were presented with L2-English subtitles (i.e., captions, although we use “subtitles” in the paper
to avoid confusion. See footnote 1). We identified 21 cognates and 21 noncognates occurring in the English
subtitles at three different speeds: 12 cps, 20 cps, and 28 cps. All the keywords were known to the
participants. Since a within-subject design was used, all participants were exposed to all keywords and
speeds. We asked the following research questions:

RQ1: Are cognates embedded in L2-English subtitles processed faster or slower than noncognates? Is this
processing affected by different subtitle speeds?

RQ2: Does the degree of orthographic overlap predict cognate processing when controlling for L2-subtitle
speed? Are the results similar when only nonidentical cognates are considered?

Participants

Forty-two Polish participants, students or graduates of the University of Warsaw, were recruited using
social media channels and received a bookshop voucher as reimbursement. The final sample consisted of
35 participants (7 males, Mag. = 22.86, SD = 3.25, range = 18-31) because two participants were excluded
due to low data quality, three because of the high number of L2-subtitles skipped, and two due to dyslexia.
Participants’ proficiency in English was measured by the LexTALE (Lemhofer & Broersma, 2012; M =
79.84, SD = 10.51, range = 62.5-100), roughly corresponding to C1 in the Common European Frame for
Reference for Languages (CEFR; Council of Europe, 2001). All participants had normal or corrected vision
(n =24) and were accustomed to watching English-language AV material with subtitles (as assessed via a
questionnaire; see Procedure). See Appendix S1 online for participant-related data.

Instruments
Video Stimuli and L2-Subtitles

The experiment was designed and conducted in EyeLink’s Experiment Builder software. Areas of interest
(AOIs) were automatically generated around all individual words in each L2-subtitle by a custom-made
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Python script. All AOIs (including those around the keywords) lasted for as long as the subtitles were on
screen.

Participants watched three self-contained videos from the BBC documentary Planet Earth (Fothergill,
2006) without the soundtrack. Each video lasted 9-10 min. The audio was removed because identical L2-
subtitles were created for each speed condition (12, 20, and 28 cps), and the subtitles would otherwise not
be synchronized with the audio (see Liao et al., 2021, pp. 3-4). Subtitles in all clips were comparable
regarding number (80-84), word count (607-681 words), and readability scores (76.56-86.61). Readability
scores were calculated using the Flesch Reading Ease score in the Coh-Metrix tool (McNamara et al., 2014).
All subtitles were one-liners presented at the center-bottom of the screen. The conditions were
counterbalanced, and the order of presentation of the videos was randomized (see Appendix S4 for details).

Keywords
Choosing cognates and noncognates

Using the VocabProfile (Lextutor.ca; Cobb, 2023) to analyze the video scripts, we found all words among
the 6000 most common word families in English. This was reasonable given the high English proficiency
of our participants (C1). Then, we scrutinized the words for Polish-English cognates (nouns and adjectives)
which occurred only once across the videos®. Twenty-one Polish-English cognates were selected. Of the 21
cognates, 3 were identical (i.e., “chaos”, “system”, and “minus”) and 18 nonidentical (e.g., Polish
“specyficzny”, English “specific”’) with varying degrees of orthographic overlap (as measured by the
Levenshtein distance normalized for word length; range = .125 — .667). Next, we searched for 42 Polish-
English noncognates that would match the cognates by SUBTLEX-UK frequency (Van Heuven et al.,
2014), length in characters, part of speech, and concreteness in English (Brysbaert et al., 2014). See
Appendix S2 online for details.

Pretesting

The 63 keywords were pretested to ensure they were known to participants®. Forty-one Polish participants
with age (M = 21, SD = 0.9, range = 20-24) and English proficiency (LexTALE; M = 84.43, SD = 8.59,
range = 61.25-100) comparable to the participants of the main study took part in the pretest. The test
comprised 21 cognates, 42 matched noncognates, and 21 plausible cognate-like nonwords (see Appendix
S2) created by using the Wuggy software (Keuleers & Brysbaert, 2010). Word-presentation was
randomized. Participants were asked if they knew the words, and if so, they provided a Polish translation
of the words and rated their confidence in translations (1: I'm not sure at all to 6: I'm completely sure).
Confidence ratings and nonwords were used to control for guessing. Words were deemed guessed (thus
unknown) when the translation was incorrect or was correct with confidence ratings 1-3. Following Silva
and Otwinowska (2019), participants who guessed 10% or more nonwords were excluded from the analysis.
A keyword was considered eligible for the main study (i.e., known) if correctly translated by at least 90%
of the participants. The pretest was independently scored by two highly trained Polish native speakers
(authors of this paper) with strong interrater reliability (Cohen’s k£ = .872). See Appendix S3 online for
pretest results. Thirteen keywords were considered unknown (all noncognates) and were thus excluded.

Keywords Chosen for Main Analysis

Twenty-one noncognates, picked among the remaining 29 noncognates, were matched with the cognates.
Thus, the final pool consisted of 42 keywords (21 noncognates) known to most participants in the pretest
(M =97.9%, SD =2.27, range = 91.24-100%), with cognates and noncognates matched statistically for part
of speech (identically; 15 nouns, 6 adjectives), SUBTLEX-UK frequency (p = 0.91), length (identically),
and concreteness (p = 0.88) (see Appendix A). All keywords occurred in mid-subtitle position (to avoid
idiosyncratic behavior, e.g., wrap-up effects) and only once across the videos (see Appendix S4 for keyword
distribution across the videos). Only one keyword appeared in each target subtitle. Four keywords (three
noncognates) were supported by imagery (they occurred up to 5 seconds before/after appearing in the video;
see Neuman & Koskinen, 1992; Peters, 2019). Following statistical modelling, none of these words were
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flagged as potential outliers. See Appendix A for cognate-noncognate comparison and Appendix S2 online
for all keyword details.

Procedure

The experiment was approved by the ethics committee of the University of Warsaw. Upon arrival in our
laboratory, participants signed informed consent forms and completed a questionnaire regarding their
subtitling-related preferences and habits. Then, they took the LexTALE (Lemhofer & Broersma, 2012) to
assess their proficiency in English. Before data collection, participants were told that they would watch
videos with L2-English subtitles, with an eye tracker recording their eye movements, and that some time
would be spent training the machine to better recognize their eyes. Participants were also told that they
would be later asked some comprehension questions to ensure that they paid attention to the content of the
clips during the experiment. Instructions were provided in English, and participants were given time to ask
questions if needed.

Eye-movements were monitored using an EyeLink 1000 Plus eye tracker. A 9-point calibration was
performed as per manufacturer’s recommendations. Data were recorded binocularly at a 1000 Hz sampling
rate. A chinrest was used to minimize head movements, with participants sitting at approximately 80 cm
from a 16:9 HD monitor screen (1920 x 1080 resolution), such that each subtitle letter subtended ~0.32° of
the visual angle. Accuracy was checked in a drift check step before each video, and the eye tracker was
prompted to recalibrate if calibration error was above 2° (degrees of the visual angle). As the experiment
took place in a single session lasting approximately 2 hours, two 5-minute breaks were included to minimize
participant fatigue, during which participants could stand up and stretch, and after which the tracker was
always recalibrated.

Data Processing and Analysis

To calculate individual fixations from raw data samples, the default EyeLink algorithm for remote tracking
in chinrest mode was used (instantaneous velocity threshold: 30 deg/sec; acceleration threshold: 8000
deg/sec). As per manufacturer’s recommendations, we only retained participant data where average
calibration error was below 0.5° and maximum error was under 1°.

Three dependent variables were investigated in this exploratory study: Gaze Duration (GD; the sum of all
fixations when the AOl—the keyword—was first fixated), Total Reading Time (TRT; the sum of all
fixation durations), and Fixation Count (FC; total number of fixations). These measures were chosen as
they tap into different stages of processing (GD, early stages; TRT and FC, later stages) and because they
have repeatedly produced useful results (e.g., Duyck et al., 2007; Libben & Titone, 2009; Van Assche et
al., 2011). In the statistical analysis, following recommendations by Von der Malsburg and Angele (2017;
see also Bosma & Nota, 2020; Palma et al., 2020), we controlled for multiple comparisons using a
Bonferroni correction. Thus, only p values below 0.017 (0.05/3) were deemed statistically significant.
Linear mixed-effect models (LMMs) were run for GD and TTR, and generalized LMMs (GLMMs) for FC
(assuming an inverse Gaussian distribution). Step-by-step modelling was performed following current
recommended guidelines (see Appendix S5 for details). All analyses were conducted using IBM SPSS
version 29.

Factors were treatment coded and all covariates were standardized (centered and scaled). The dependent
variables GD and TRT and relevant covariates (e.g., word length, L2-English word frequency, and
concreteness; L2-English proficiency and subtitle length) were log transformed to meet the assumption of
normality (z score < 2), homogeneity of variance (Levene test p > 0.05), and linearity (see Appendix 5 for
all covariates and rationale for their inclusion). After removal of seven participants (see Participants) and
the exclusion of all individual fixations under 60 ms and above 800 ms (Liao et al., 2021), the final dataset
consisted of 734 datapoints. Final model diagnostics were computed using standardized residuals and
empirical best linear unbiased predictors (eBLUPS; see Appendices S6.1-S6.3 for model diagnostics).
When possible’, the models were validated using a 95% 1000-sample bias-corrected and accelerated
bootstrap. When not, a sensitivity analysis was conducted by removing keywords flagged as potential
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outliers by eBLUPS. If results changed, the results without the potential outliers are reported.
Results

We report the bootstrapped results. Bootstrapping confirmed original results, unless otherwise stated. As
expected, the descriptive statistics (see Table 1) show that gaze duration (GD), total reading time (TRT),
and fixation count (FC) overall decrease as L2-subtitle speed increases, meaning that at faster speeds
participants have less time to read the subtitles. Also, when all cognates are considered, they tend to be
fixated longer than noncognates, with nonidentical cognates being fixated the longest. Nonidentical

cognates also had the largest number of fixation counts.

Table 1

Descriptive statistics for gaze duration (GD), total reading time (TRT), and fixation count (FC).

GD TRT FC
Word type Speed Mean (SD) Mean (SD) Mean (SD)
Noncognates 12 cps 251.62 (120.67) 367.21 (200.71) 1.94 (1.01)
20 cps 248.49 (116.37) 300.85 (129.65) 1.55 (.66)
28 cps 224.83 (99.19) 246.68 (101.29) 1.41 (.67)
Mean: 241.85 (112.89) 311.13 (154.81) 1.57(.88)
All cognates 12 cps 268.89 (137.63) 382.68 (225.99) 1.92 (1.07)
20 cps 246.15 (111.47) 308.60 (138.96) 1.62(.82)
28 cps 230.97 (109.03) 266.89 (118.10) 1.49 (.69)
Mean: 249.09 (121.16) 320.73 (175.46) 1.55(.97)
Nonidentical cognates 12 cps 278.47 (141.48) 400.28 (232.30) 1.77 (1.11)
20 cps 255.75 (112.45) 325.17 (138.03) 1.70 (.85)
28 cps 237.34 (112.03) 276.92 (120.25) 1.53 (.71)
Mean: 257.69 (123.99) 335.69 (179.377) 1.63 (.992)

Note. GD and TRT were log transformed, but raw values are reported here for clarity.

Overall Effect of Cognateness

RQ1 asked whether known cognates (identical and nonidentical) embedded in L2-English subtitles are
processed faster or slower than noncognates, and if this processing is affected by different subtitle speeds.
To answer this question, the final models included Cognateness (cognates vs. noncognates), Speed (12, 20,
and 28 cps), the Cognateness*Speed interaction, and Word Length in characters as a covariate. Several
other covariates were explored; however, they did not improve fit or change results, so they were excluded
in favor of more power (see Appendix B for final models and Appendix S5 for modelling details). See
Figure 1 for the results.

Results for GD showed no statistically significant difference for Speed (ps = .279-.596), for Cognateness
(p =.523), and for the Cognateness*Speed interaction (ps = .961-.992). The TRT analysis also revealed no
Cognateness (p = .537) and Cognateness*Speed effects (ps = .467—.550), or a difference in processing
between 28 and 20 cps (b = -.086, SE = .054, ¢t = -1.606, p = .109). Nevertheless, TRT was higher for 12
than for 20 cps (b =.180, SE = .06, t =2.979, p = .003). Results for FC show a similar trend: FC was higher
for 12 than for 20 cps (b = .214, SE = .058, ¢ = 3.677, p < .001) but nothing else was significant (ps
= .433-.907). To explore the cognate effect further and increase power, we re-ran all analyses using only
Cognateness and Word Length. Cognateness remained nonsignificant for GD (p = .245), TRT (p = .805),
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and FC (p = .586).

Figure 1
Comparison Cognates vs. Noncognates at Different Speeds
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In summary, a cognate facilitation effect was not detected either by early (GD) or late measures (TRT, FC).
Regarding Speed, viewers exhibited longer reading times and fixated more on keywords in slower L2-
subtitles (12 cps) than in faster (20 cps) L2-subtitles, but only in late measures. This indicates that when
viewers had more time (at 12 cps), they spent more time reading and possibly re-visited the keywords
(cognates and noncognates alike).

Graded Effects of Orthographic Overlap

RQ2 asked whether the cognate degree of orthographic overlap predicts cognate processing when
controlling for L2-subtitle speed and whether the results are similar when only nonidentical cognates are
considered. To answer RQ2, the final models included Speed, normalized Levenshtein Distance (nLD;
linear, quadratic and cubic polynomials) as a measure of orthographic overlap (0 = no overlap; 1 = total
overlap)’, and Word Length as a covariate. As before and for similar reasons, other covariates were
considered but are not included in the final models (see Appendix S5 for details). Table 1 shows that
nonidentical cognates are generally processed longer and fixated more than when all cognates are
considered together, and the mixed-model results support this conclusion.

Gaze Duration: All Cognates vs. Nonidentical Cognates

When all cognates were considered, no difference was found for Speed (ps = .194-.536). However, a
statistically significant effect was found for nLD (b = -.685, SE = .143, ¢t = 3.135, p < .001); nLD? (b =
1.674, SE = 379, t = -2.960, p < .001); and nLD?* (b = -1.026, SE = .266, ¢ = 2.668, p < .001), indicating a
cubic relationship between orthographic similarity and GD. As shown in Figure 2a, the most dissimilar
cognate (nLD = .33; keyword “critical”) is processed longer than many other nonidentical cognates; then,
processing increases as cross-linguistic similarity increases (nLDs = .44—.88), followed by a sudden drop
in processing time for identical cognates (nLD = 1). This suggests that, barring the most dissimilar cognate
and identical cognates, early processing times increase with increases in orthographic overlap.

Nonetheless, when only nonidentical cognates are considered, the cubic and quadratic effects disappear
(see Figure 2b). Only nLLD (the linear effect) is significant (b =.075, SE = .03, t =-1.537, p = .015). Speed
remained nonsignificant (ps = .16—.86). Importantly, nLD was originally nonsignificant (p = .145), but this
changed after bootstrapping. We take this as weak evidence of a linear relationship between nLD and GD
(early processing) when identical cognates are excluded from the analysis.
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Figure 2
Orthographic Similarity Influence on Gaze duration
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Total reading time: All Cognates vs. Nonidentical Cognates

The results for TRT with all cognates replicate the results for GD. After Bonferroni correction (only p
< .017 is considered significant), the effect for Speed became nonsignificant (ps = .024—.041). A cubic
effect was also found in TRT, as illustrated in Figure 3a: nLD (b =-.832, SE =.397, t = 3.391, p <.001);
nLD2 (b= 1.885, SE=.397,t=-2.968, p <.001); and nLD3 (b =-1.084, SE = .271,t=2.510, p <.001).

Similarly to GD, the TRT analyses showed that, when identical cognates were excluded, only the linear
effect of nLD was statistically significant: b = .121, SE = .03, t = -2.440, p < .001 (see Figure 3b). Also
here, the pre-bootstrapping results were nonsignificant after correcting for multiple comparisons (p =.027),
again possibly indicating a weak effect of nLD on TRT (late processing). Regarding Speed, the results
found shorter TRT for 28 cps than for 20 cps (b =-.163, SE = .07, t = -2.459, p = .013) but no difference
was found between 12 and 20 cps (p = .141).

Fixation Count: All Cognates vs. Nonidentical Cognates

The results for FC (late processing) showed a higher number of fixations for 12 cps than for 20 cps (b
=.185, SE = .07, t = 2.850, p = .005), but no difference was registered between 28 and 20 cps (p = .498). A
quadratic effect was found for cross-linguistic similarity (see Figure 4a): nLD (b =.325, SE =.09, t =3.758,
p=.003); nLD2 (b =-.309, SE = .08, t = -3.644, p = .003). That is, the number of fixations increased with
higher cross-linguistic similarity (nLD = .33—.88) but dropped significantly for identical cognates (nLD =
1).

When identical cognates were removed (see Figure 4b), differences in Speed disappeared (ps = .045—.161)
together with the quadratic effect. Here, even the linear nLD-FC relationship became nonsignificant after
correcting for multiple comparisons (b = .125, SE = .06, t = -2.253, p = .039). This nonsignificant
relationship appears to support our suggestion (see results for GD and TRT above) that only a weak linear
relationship may exist between orthographic overlap and cognate processing when only nonidentical
cognates are explored.



10 Language Learning & Technology

Figure 3
Orthographic Similarity Influence on Total Reading Time
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Figure 4
Orthographic Similarity Influence on Fixation Count
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To summarize, we found compelling evidence that when identical and nonidentical cognates are analyzed
together, the relationship between orthographic overlap and early (GD) and late (TRT and FC) processing
is not linear. The results showed either a quadratic effect—in FC, and because of identical cognates—or a
cubic effect—in GD and TRT, because of identical cognates and one keyword (i.e., “critical””’). When only
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nonidentical cognates were analyzed, the results showed only a weak positive linear relationship between
cross-linguistic similarity and different stages of processing.

Discussion

Lexical processing is strongly linked to lexical learning (Craik & Lockhart, 1972; Schmitt & Rodgers,
2020), as shown by SLA eye-tracking studies investigating reading (Godfroid et al., 2013) and audiovisual
(AV) material (Montero Perez et al., 2015; Wang & Pellicer-Sanchez, 2022). However, no study has
investigated cognate processing in AV materials. Our study addressed this gap by firstly comparing the
processing of known cognates (identical and nonidentical) and noncognates embedded in L2-English
subtitles. Additionally, we measured how speed affects word processing. We discuss our findings below.

The Effect of L2-Subtitle Speed and Cognateness on Cognitive Processing

Both cognates and noncognates were processed longer in slower (12 cps) than in faster (20 cps) L2-subtitles,
as registered by late measures—i.e., total reading time (TRT) and fixation count (FC)—but not by gaze
duration (GD), an early measure. These results show that viewers fixate on both word types for a similar
amount of time during first-pass reading across speeds, but only slower subtitles allow viewers sufficient
time to re-read. Thus, slower subtitles may be more conducive to lexical learning than faster subtitles, as
longer processing indicates more cognitive engagement with the keywords (Holmqvist et al., 2011), which
facilitates lexical acquisition (Godfroid, 2020). No difference in processing time was found between 28-
cps and 20-cps subtitles for cognates and noncognates, suggesting that 20-cps and 28-cps subtitles were
similarly demanding for our participants. Nevertheless, 28-cps subtitles may be too fast (Kruger et al., 2022;
Liao et al., 2021; Szarkowska & Gerber-Mordn, 2018), and viewers may fail to read the subtitles in full
and/or look at the moving images, which may hinder vocabulary learning (Peters, 2019). These findings
illustrate how subtitle speed—a common variable in AVT but largely ignored in SLA research—may affect
lexical processing and learning, thus creating a much-needed connection between these two fields.
Importantly, our study used only known L2 words. Thus, further research on L2-subtitle speed should
explore its impact on the learning of unknown L2 vocabulary.

Notwithstanding subtitle speed, we found no difference in processing between cognates and noncognates.
This is likely because most of our cognates were nonidentical (84%), which are often processed similarly
to noncognates, at least among participants with advanced L2 proficiency (Bosma & Nota, 2020; Comesafia
et al., 2015; Duyck et al., 2007; Libben & Titone, 2009). This lends support to previous eye-tracking
research (Palma et al., 2020; Schwartz & Tarin, 2021). Schwartz and Tarin (2021), also investigating high-
proficiency bilinguals, and employing stimuli with 82% of nonidentical cognates, found slightly higher
processing for cognates than for noncognates in one out of the five eye-tracking measures considered.
However, the difference was at threshold (p = 0.05), and the researchers did not control for multiple
comparisons, critically inflating false positive rates (Von der Malsburg & Angele, 2017).

Indeed, for cognate facilitation to occur, it seems that a minimum proportion of identical cognates must be
present, which would then prime viewers/readers and result in a generalized facilitation effect. However,
the exact minimum proportion needed remains unknown (Comesafia et al., 2015). Recently, Arana et al.
(2022) explored this proportion and concluded that between 12% and 25% of identical cognates must be
among the stimuli to prompt cognate facilitation effects (the researchers also investigated advanced English
learners). Importantly, Arana et al. (2022) focused on isolated words, but in more naturalistic reading such
as subtitles, identical cognates may occur further apart, possibly reducing priming effects. In practice, this
may mean that cognate facilitation is unlikely with AV materials, since such high proportion of identical
cognates rarely occurs in authentic videos.

Therefore, viewers with high L2 proficiency may process cognates and noncognates embedded in L2-
subtitles to a similar extent. So how to explain existing research findings demonstrating that cognates are
easier to learn when watching videos than noncognates? One possibility is that the three existing relevant
AV studies (Fievez et al., 2020; Peters, 2019; Peters & Webb, 2018) explored viewers with intermediate
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L2 proficiency. These viewers find L2 videos cognitively demanding, in which case the formal-semantic
similarity makes cognates easier to acquire than noncognates. This formal-semantic similarity may increase
salience and prompt contextual inferencing, enhancing processing and learning (especially since accurate
inferencing is more likely with cognates than with noncognates).

Another possibility is that researchers have failed to control for cognate guessing, thus inflating cognate
scores (see Otwinowska et al., 2020). Control measures that have been employed include the use of an “I
don’t know” option in multiple-choice tests (Fievez et al., 2020; Peters & Webb, 2018) and nonwords in
form-recognition (yes/no) tests (Peters, 2019). These measures are general, and may not be suitable for
cognates. Notably, these three studies employed meaning-recall tests (L2-keyword provided; L1-translation
or definition required), but did not control for guessing or instructed participants to avoid answering when
uncertain, possibly even motivating guessing. For instance, using meaning-recall tests with similar
conditions, Puimége and Peters (2019a) found that cognates were 157 times more likely to be known than
noncognates. Statistically, this means that cognates had a 99.37% chance of being known. Essentially, all
cognates were known (a ceiling effect). In other words, it is possible that cognates are not better known
than noncognates, but rather that test measurements inflate cognate scores. Future studies could investigate
this possibility.

The Graded Effect of Orthographic Overlap on Processing

We found no effect of orthographic overlap in processing between speeds for GD. This shows that cognates
are processed similarly across speeds when first read, from more distant cognates (e.g., L1-Polish
“krytyczyny”, L2-English “critical”) to identical cognates (e.g., “minus”). As for late measures, more
fixations on all cognates were found at 12 cps than 20 cps (TRT found similar results, but they became
nonsignificant after correcting for multiple comparisons); however, this difference disappeared when
identical cognates were removed. Therefore, after controlling for cross-linguistic similarity, nonidentical
cognates are generally processed longer at 12 cps than 20 cps. This corroborates findings comparing all
cognates to noncognates (see section above) and may indicate the higher learning potential afforded by 12-
cps relative to 20-cps subtitles. Nevertheless, controlling for cross-linguistic similarity, TRT was slightly
lower (at threshold) at 28 cps than 20 cps with all cognates and significantly lower at 28 than 20 cps with
only nonidentical cognates. This reinforces the hypothesis proposed above that 28 cps may be too fast for
viewers, leading to more shallow processing and potentially less learning.

Furthermore, when all cognates were included in the analyses, we found non-linear effects for GD, TRT,
and FC (Figures 2a, 3a, and 4a). However, our results were mainly driven by identical cognates, which
caused a clear drop in processing. This again corroborates previous findings that identical cognates are
processed faster than nonidentical cognates (e.g., Bosma & Nota, 2020; Libben & Titone, 2009; Duyck et
al., 2007). Without identical cognates (Figures 2b, 3b, and 4b), the positive relationship between cross-
linguistic similarity and processing became linear—for GD and TRT—or disappeared (FC). This may
indicate a weak relationship between the orthographic overlap of nonidentical cognates and processing (and
potentially learning), which supports previous research (Van Assche et al., 2011).

Schwartz and Tarin (2021) found a quadratic curve when exploring only nonidentical cognates, in contrast
to the linear relationship in our study. Their quadratic curve was caused by one cognate with low
orthographic overlap (i.e., English “student”, Spanish “estudiante”; nLD° = 0.4), and so was ours (English
“critical”, Polish “krytyczyny”; nLD = .33). However, in our study the quadratic effect disappeared without
identical cognates. Thus, it seems that if a quadratic effect exists, it is weak. Such weak effects seem likely
given that the keyword “critical” did not attract more fixations than the other nonidentical cognates in FC
(Figure 4a). Therefore, to better explore this issue, future studies should incorporate in their design a larger
number of lexical items with low orthographic overlap.

Regarding lexical acquisition, we are unaware of any study exploring the relationship between orthographic
overlap and cognate learning. Otwinowska and Szewczyk’s (2019) cross-sectional study measured the
knowledge (not learning) of nonidentical cognates and noncognates. The researchers found no relationship
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between cross-linguistic similarity and cognate knowledge with high-proficiency learners (as in our study).
This may be because they measured general knowledge of cognates, whereas we explored cognate
processing in L2-subtitles. Irrespective of the reason, these results reinforce our findings that if a
relationship between cognate orthographic overlap and learning exists, it is weak, at least for advanced
English learners.

We would like to suggest the following tentative conclusions. Identical cognates may be considered
“cognate outliers”, as only these cognates seem to yield a facilitation effect. When only nonidentical
cognates are considered, cognitive processing tends to increase slightly with higher orthographic overlap
(see Bultena et al., 2014; Schwartz & Tarin, 2021 for similar results). This may be owing to the “perceptual
confusion that might occur for cognates that are highly similar but have small-grained, nuanced differences
in their specific spelling” (Schwartz & Tarin, 2021, p. 889). It remains to be seen if such perceptual
confusion and the ensuing increase in processing facilitate cognate learning—as viewers engage longer
with the cognates—or hinders lexical acquisition, due to an increase in cognitive load. This would be an
interesting path to explore in future vocabulary-learning studies.

Our study has some limitations. First, we explored the processing of known words only. It is possible that
unknown words are processed differently. Also, because we investigated known L2 words, we could not
measure learning and hence directly explore its relationship with processing. Second, our participants
watched videos without sound, which may have affected processing. Third, we explored only advanced L2-
English learners, and results may change with lower-proficiency participants. Finally, our keywords
included only one cognate with low orthographic overlap, and these words may be processed differently
than more similar cognates. Altogether, more research on L2 cognate and noncognate learning via AV
materials is needed.

Conclusions and Practical Implications

This study explored how known cognates and noncognates are processed in L2-English subtitles, and how
subtitle speed affects such processing. The keywords in 12-cps subtitles were processed for longer than
those in 20-cps and 28-cps subtitles. Given that longer processing predicts higher lexical learning, slower
subtitles may be more conducive to vocabulary acquisition. Still, slow subtitles may involve excessive text
reduction, which increases audio-subtitle mismatches and may exclude words that could otherwise be
learnt. Thus, we suggest that teachers and learners avoid subtitles that are too slow (for more proficient
learners), but also too fast (above 20 cps), as they may lead to more shallow processing and potentially less
learning. Ideally, teachers should select videos with subtitle speeds that match learners’ abilities. For
example, auto-generated subtitles, available in platforms such as YouTube, tend to be fast, and should
therefore be avoided with all but the most advanced learners.

Our findings also show no difference in processing between cognates and noncognates, irrespective of
speed, which indicates that both word types may have similar chances of being acquired. On the other hand,
the cross-linguistic similarity of cognates may mean that less processing is needed for acquisition to occur.
Even so, learners may not automatically consider L2 cognates as equivalent to L1 words, so teachers should
raise awareness of cross-linguistic similarities to promote learning (see Otwinowska et al., 2020 for a
discussion). Regardless of processing, and assuming that cognates are generally better known than
noncognates (e.g., Puimege & Peters, 2019b), the presence of cognates in AV input may facilitate
contextual comprehension, and thus lexical inferencing and learning.

Finally, we found that, except for identical cognates, higher cognate orthographic overlap increases
processing across all speeds. This means that more similar cognates may be slightly easier to learn than less
similar cognates. Identical cognates may be easy to acquire because their quick processing may alleviate
cognitive load, thus facilitating acquisition. Still, the role of cognate orthographic overlap in L2 lexical
learning remains to be empirically explored in the context of AV materials.
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Notes

1. We decided to use “subtitles” (or “L2-subtitles”) in the paper to avoid confusion. The term “captions”,
often preferred in L2-acquisition research, may also be used to refer to subtitles specifically designed
for the deaf and hard of hearing, which include sound effects and speaker identification markers that
are not typically included in L2-subtitles for fully-hearing viewers.

2. We were unable to find many cognates that occurred more than once. Thus, we decided not to include
them to avoid biasing the results.

3. To measure learning, we would need to find a sufficient number of unknown cognates. This proved
challenging with advanced proficiency participants.

4. InIBM SPSS, it is not possible to bootstrap GLMMSs for models with the R matrix.

5. We inverted the original nLD scale to make the results more directly comparable with previous related
research (Arana et al., 2022; Duyck et al., 2007; Schwartz & Tarin, 2021; Van Assche, 2011).

6. The reader is reminded that nLD is reflected so identical cognates = 1.
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Appendix A. Descriptive statistics for keywords

Cognates Noncognates p value Cohen’s d
(n=21) (n=21) 95% CI
M (SD) M (SD)
Log_Frequency 4.48 (0.48) 4.49 (0.56) 0.91 0.035
[-.640, .570]
Length 7.1 (2.07) 7.1 (2.07) 1.00 0
[-.605, .605]
Concreteness 3.21 (1.09) 3.17 (.92) 0.88 0.046
[-.559, .651]
Part of Speech 15 nouns; 6 adjectives 15 nouns; 6 adjectives - -

Appendix B. Final models

Final Models:

In all models, noncognates and 20 cps were the reference categories for Cognateness and Speed,
respectively.

Cognateness as a Factor and Speed:

1) Gaze duration (AIC: 875.92; Pseudo-R? marginal: 0.024, conditional: 0.217)
Random Effects

Estimate SE Wald Z p value 95% CI
Residual 17 .01 16.82 .000 [.15,.20]
Intercept Participants .01 .01 2.42 .015 [.01, .03]
Intercept Items .02 .01 2.90 .004 [.01, .04]
Age | Items slope .01 .00 1.58 114 [.00, .02]
Fixed Effects for GD
Estimate Bias SE t pvalue BCa95% CI

Intercept 5.39 .00 .04 98.56 <.000 [5.32,5.47]
Speed 12vs.20cps .03 -.00 .06 .56 .596 [-.09, .15]
Speed 28vs.20cps -.07 .00 .06 -1.16 279 [-.18, .065]
Cognateness .03 .00 .05 44 523 [-.07, .14]
Word_Length .06 .00 .02 2.08 .001 [.03, .09]
Speed=12cps*Cognateness -.00 -.00 .08 -.01 .992 [-.14, .14]

Speed=28cps*Cognateness -.00 -.01 .08 -.05 961 [-.16, .12]
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2) Total reading time (AIC: 893.03; Pseudo-R? marginal: 0.091, conditional: 0.235)

OBS: Bootstrapped not conducted. Thus, sensitivity analysis conducted by removing “chaos”,

“system”, “nature”, and “brief” (flagged as potential outliers by eBLUPS). Results did not change,
so results with full dataset reported.

Random Effects

Estimate SE Wald Z p value 95% CI
Residuals 12cps 25 .02 10.11 <.001 [.21, .31]
Residuals 28cps .16 .02 9.81 <.001 [.13,.19]
Residuals 20cps .16 .02 9.78 <.001 [.13,.19]
Intercept Participants .01 .00 2.02 .043 [.00, .03]
Intercept Items .02 .01 2.95 .003 [.01, .05]
Fixed Effects for TRT

Estimate SE t pvalue  95% CI

Intercept 5.59 .05 105.88 <.001 [5.49,5.70]
Speed 12vs.20cps 18 .06 2.98 .003 [.06, .30]
Speed_28vs.20cps -.09 .05 -1.61 .109 [-.19,.02]
Cognateness .04 .07 .62 537 [-.01, .19]
Word Length .10 .03 3.43 .001 [.04, .16]
Speed=12cps*Cognateness -.05 .09 -.60 .550 [-.22,.12]
Speed=28cps*Cognateness -.06 .08 -73 467 [-.21, .10]

3) Fixation count (AICc: 863.65; Pseudo-R? marginal: 0.101, conditional: 0.192)

OBS.: Bootstrapped not conducted. Thus, sensitivity analysis conducted by removing “lava”,
“system”, “nature”, “attack”, and “marathon” (flagged as potential outliers by eBLUPS). Results

did not change, so results with full dataset reported.

Random Effects

Estimate SE Wald Z p value 95% CI
Residual A1 .00 17.40 .000 [.10, .13]
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Intercept Participants .00 .00 1.16 245 [.00, .02]
Intercept Items .00 .00 31 758 [.00, .71]
Cognateness | Items slope .03 .01 2.10 .036 [.01, .08]
Fixed Effects for FC
Estimate SE t p value 95% CI
Intercept 42 .040 10.47 <.001 [.34, .50]
Speed 12vs.20cps 21 .058 3.68 <.001 [.10, .33]
Speed 28vs.20cps -.01 .055 -12 907 [-.11,.10]
Cognateness .01 .069 17 .863 [-.12,.15]
Word Length 12 .023 5.19 <.001 [.07, .16]
Speed=12cps*Cognateness -.06 .083 -.68 497 [-.22, .11]
Speed=28cps*Cognateness -.06 .079 =78 433 [-.22,.09]

Levels of Cross-linguistic Similarity (nLD) with All Cognates:

1) Gaze duration (AIC: 418.75; Pseudo-R? marginal: 0.09; conditional: 0.301)

Random Effects

Estimate SE Wald Z p value 95% CI
Residual 15 .01 11.54 <.001 [.13,.18]
Intercept Participants .02 .01 1.91 .056 [.01, .04]
Intercept Items .02 .01 1.73 .084 [.00, .05]
Age | Items slope .01 .01 1.79 .073 [.00, .05]

Fixed Effects nLD (all cognates) for GD

Estimate Bias SE t pvalue BCa95% CI
Intercept 5.42 .01 .04 101.89  <.001 [5.34, 5.53]
Speed 12vs.20cps .03 -.01 .05 .59 .536 [-.05, .09]
Speed 28vs.20cps -.08 -.01 .05 -1.31 .194 [-.18,.00]
Word Length .07 .00 .02 1.84 .003 [.02,.12]
nL.D* -.68 -.01 .14 3.13 <.001 (.42, .93]
nLD? 1.67 .01 38 -2.96 <.001 [-2.47, -.86]

nLD’ -1.03 -.01 .26 2.67 <.001 [.52, 1.55]
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Note. Word_length prior to bootstrapping was nonsignificant (p = .085).

*nLD increase = increase in similarity.

2) Total reading time (AIC: 461.23; Pseudo-R? marginal: .149, conditional: .291)

Random Effects

Estimate SE Wald Z p value 95% CI
Residual .19 .02 11.90 <.001 [.16, .22]
Intercept Participants .02 .01 1.90 .058 [.01,.0.5]
Intercept Items .02 .01 1.76 .079 [.01, 06]

Fixed effects nL.D (all cognates) for TRT
Estimate Bias SE t pvalue BCa95% CI

Intercept 5.63 -.00 .04 97.74 <.001 [5.56,5.70]
Speed 12vs.20cps A3 -.00 .06 2.14 .041 [.02, .24]
Speed 28vs.20cps -.13 .00 .06 -2.19 .024 [-.26, -.01]
Word_Length .08 .00 .03 1.84 .005 [.02, .14]
nL.D* -.83 -.00 15 3.39 <.001 [.54, 1.11]
nLD? 1.88 .01 40 -2.97 <.001 [-2.67,-1.02]
nLD? -1.08 -.01 27 251 <.001 [.55, 1.60]

Note. Word_length prior to bootstrapping was nonsignificant (p = .085).

*nLD increase = increase in similarity.

3) Fixation count (AICc: 382.54; Pseudo-R? marginal: .125, conditional: .158)

OBS. Bootstrapped not conducted. Thus, sensitivity analysis conducted by removing “nature”,
“attack”, and “marathon” (flagged as potential outliers by eBLUPS). Results changed, so results

of the sensitivity analysis are reported.

Random Effects

Estimate SE Wald Z p value 95% CI
Residual 12 .01 10.94 <.001 [.10, .14]
Intercept Participants .00 .01 .503 .615 [.00, .17]
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Intercept Items .00 .01 .68 497 [00, .07]

Fixed effects nl.D (all cognates) for FC

Estimate SE t p value 95% CI
Intercept 40 (433" .05 (.057)" 8.38 <.001 (<.001)* [.31,.50]
Speed 12vs.20cps A8 ((151) .06 (.060) 2.85 .005 (.013) [.06, .31]
Speed 28vs.20cps -.04 (-.058) .06 (.059) -.68 498 (.325) [-.17,.08]
Word Length .05 (.085) .03 (.047) 1.71 .108 (.093) [-.01, .12]
nLDP 32 (.257) .09 (.133) 3.76 .003 (.071) [.14, .51]
nLD? -31(-.286) .08(.130) -3.64 .003 (.042) [-.49, -.13]

“Results prior to sensitivity analysis reported in brackets for estimate, SEs, and ps.

®nLD increase = increase in similarity.

Levels of Cross-linguistic Similarity (nL D) Nonidentical Cognates Only:

1) Gaze duration (AIC: 364.06; Pseudo-R? marginal: 0.038, conditional: 0.309)

Random Effects

Estimate SE Wald Z p value 95% CI
Residual 15 .01 10.67 <.001 [.12,.18]
Intercept Participants .02 .01 2.18 .029 [.01, .06]
Intercept Items .02 .01 1.76 .078 [.01, .05]
Age | Items slope .02 .01 1.75 .080 [.01,.05]

Fixed Effects nLLD (nonidentical cognates) for GD

Estimate Bias SE t p value BCa 95% CI
Intercept 5.48 .004 .04 (.06)" 90.76 <.001 (<.001)* [5.40, 5.58]
Speed 12vs.20cps 011 -.012 .06 (.06) 18 .860 (.857) [-.10, .09]
Speed 28vs.20cps -.09 -.003 .06 (.06) -1.41 .160 (.161) [-.11,.02]
Word_Length 071 .001 .02 (.04) 1.78 .003 (.096) [.02,.12]
nLD® .075 .000 .03 (.05) -1.54 .015 (.145) [-.14, -.01]

“Bootstrapping changed results for nLD and Word Length. Original results in brackets for SEs and ps.

®nLD increase = increase in similarity.
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2) Total reading time (AIC: 403.96; Pseudo-R? marginal: .094, conditional: .244)

Random Effects

Estimate SE Wald Z p value 95% CI
Residual .19 .02 11.01 <.001 [.16, .22]
Intercept Participants .02 .01 1.98 .048 [.01, .06]
Intercept Items .02 .01 1.54 123 [.00, .06]

Fixed Effects nLD (Nonidentical Cognates) for TRT

Estimate Bias SE t p value BCa 95% CI
Intercept 5.73 005 .04 (.06)" 92.86 <.001 (<.001)* [5.63, 5.83]
Speed 12vs.20cps .10 -.01 .07 (.07) 1.58 141 (.116) [-.01, .18]
Speed 28vs.20cps -.16 002 .07 (.07) -2.46 .013 (.015) [-.29, -.04]
Word Length .08 -.001 .03 (.05) 1.91 .007 (.076) [.02,.13]
nLD® 121 .000 .03 (.04) -2.44 <.001 (.027) [-.19, -.06]

“Bootstrapping changed results for nLD and Word Length. Original results in brackets for SEs and ps.

®nLD increase = increase in similarity.

3) Fixation count (AICc: 406.29; Pseudo-R? marginal: 0.84, conditional: 0.201)

OBS:. Bootstrapped not conducted. Thus, sensitivity analysis conducted by removing “attack” (flagged as
potential outlier by eBLUPS). Results did not change, so results with full dataset reported.

Random Effects

Estimate SE Wald Z p value 95% CI
Residual A2 .01 11.01 <.001 [.098, .140]
Intercept Participants .007 .008 .88 .380 [.001., .065]
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Intercept Items .02 .013 1.77 .076 [.007., .068]
Fixed Effects nLLD (Nonidentical Cognates) for FC

Estimate SE t p value 95% CI
Intercept .52 .062 8.398 <.001 [.39, .64]
Speed 12vs.20cps 13 .066 2.013 .045 [.00, .26]
Speed 28vs.20cps -.09 .064 -1.404 161 [-.22, .04]
Word_ Length .08 .045 1.796 .093 [-.01, .18]
nLD? 12 .055 -2.253 .039 [-.24, -.01]

2nLD increase = increase in similarity.
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