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Abstract

Correctly spelling an English word requires a high-quality orthographic representation. When
faced with spelling a complex word without a high-quality representation, spellers often rely
on other knowledge sources (e.g., incomplete stored orthographic forms, phonological to
orthographic relationships) to spell it. For bilinguals, another potentially facilitative source
is knowledge of a word’s lexical and sublexical representations in another language. In the cur-
rent study we considered simultaneous effects of word-level (e.g., frequency, cognate status)
and person-level (e.g., English spelling skill, prompting, bilingual status) predictors on college
students’ complex English word spelling. Monolinguals (English; n = 42) significantly outper-
formed bilinguals (Spanish and English; n = 76) on non-cognate spelling; no group differences
emerged for cognate spelling accuracy. Within bilinguals, significantly higher spelling per-
formance on cognates compared to non-cognates suggests cognate facilitation, with no
prompting effects. Findings expand an interdisciplinary framework of understanding bilin-
guals’ activation and use of cross-linguistic representations in spelling.

Introduction

A growing number of individuals in the United States are tasked with learning to read and
write in more than one language. In recent years, there has been increasing interest in explor-
ing important questions about the structure and availability of orthographic and phonological
representations across languages in bilingual individuals. Behavioral evidence suggests that lin-
guistic knowledge from one language can be useful for acquiring and recalling word represen-
tations in another language (see Kaushanskaya & Marian, 2009; Poepsel & Weiss, 2016). For
instance, the study of cross-linguistic activation during cognate processing indicates that bilin-
guals’ language production and comprehension is language non-selective (see De Groot, 2011)
and that cognates (i.e., words that are semantically, orthographically, and sometimes phono-
logically similar) are processed more quickly at the lexical level compared to non-cognates (see
Lijewska, 2020). However, questions remain regarding the circumstances in which activation of
sublexical units can facilitate or interfere with performance on tasks such as word recognition
and spelling (Carrasco-Ortiz, Amengual & Gries, 2021; Martin & Nozari, 2021). In the current
study we explored whether sublexical information from Spanish spelling can, and if so under
what circumstances, aid the spelling of complex English cognate words in heritage speaking
Spanish–English bilingual college students. To expand on the literature that has focused on
cross-linguistic activation at the lexical level, we tested the likelihood of facilitation from trans-
parent Spanish orthography-to-phonology relations in bilinguals’ spelling of English words
containing inconsistent orthography-to-phonology relations. Results are intended to shed
light on how the quality of a lexical representation in one language of proficiency is impacted
by sublexical representations in another language of proficiency that shares orthographic,
phonological, and semantic features (e.g., cognates).

Sublexical representations in Spanish and English

To explore the possibility of cross-linguistic facilitation in isolated word spelling, we consider
how the ease of establishing orthographic representations in alphabetic languages varies as a
function of orthographic depth. Orthographic depth refers to the consistency of correspon-
dences between graphemes (written letters) and their corresponding phonemes (spoken
sounds) within a language (see Frost, Katz & Bentin, 1987; Seymour, Aro & Erskine, 2003;
Ziegler & Goswami, 2005). In a deep orthography like English, the complexity of
orthographic-phonological relations increases as words get longer and contain multiple

https://doi.org/10.1017/S1366728923000093 Published online by Cambridge University Press

https://www.cambridge.org/bil
https://doi.org/10.1017/S1366728923000093
https://doi.org/10.1017/S1366728923000093
mailto:vrigobon@fcrr.org
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
https://orcid.org/0000-0002-7089-1764
https://orcid.org/0000-0002-2809-1608
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1366728923000093&domain=pdf
https://doi.org/10.1017/S1366728923000093


syllables. Polysyllabic English words, both mono- and polymor-
phemic, are often more difficult to read and spell due to the
added complexity of orthographic-phonological relations asso-
ciated with complex syllable boundaries (Perry, Ziegler & Zorzi,
2010), word stress and vowel reduction (Ševa, Monaghan &
Arciuli, 2009), vowel pronunciation ambiguities (Venezky,
1999), larger and more complex grapheme-phoneme units
(Berninger, 1994), and morphological complexity (Carlisle &
Stone, 2005; Nagy, Berninger & Abbott, 2006). Spanish, however,
is a shallow orthography with highly consistent relationships that
map graphemes directly onto phonemes with few exceptions and
very little ambiguity at larger grain sizes. For example, in the
Spanish word “casa” (“house” in English), one distinct mapping
between each letter and its sound makes “casa” a completely
transparent word. Compared to shallow orthographies, word
reading and spelling acquisition in deep orthographies develop
more slowly (Seymour et al., 2003), involve the formation of
orthography-to-phonology connections at multiple grain sizes
(Ziegler & Goswami, 2005), and require the establishment of
representations for many “exception” words that never become
fully decodable based on common grapheme-phoneme corre-
spondences (GPCs; Frost et al., 1987). Thus, establishing fully spe-
cified word-specific representations takes longer in English, and
there is likely greater variation in the quality of representations
across individuals learning to read and spell in English (Perfetti,
1991, 1992; Seymour, 1997), including problems with spelling
complex and infrequent English words, that persist into adult-
hood (Bosman & Van Orden, 1997; Burt & Fury, 2000).

According to Perfetti (1991, 1992, 1997), a fully specified
orthographic representation in the reader’s lexicon should develop
over time with experiences leading to incremental increases in the
representation’s precision (i.e., the specific letters associated with
that word) and redundancy (i.e., multiple stored phonological
representations for a single word). With higher quality word
representations comes a stronger relationship between a printed
word and its spoken form, allowing for faster and more accurate
reading and spelling (Perfetti & Hart, 2002). In the absence of
fully specified representations, individuals often rely on other
sources of information (e.g., phonology-to-orthography relation-
ships) to aid in word spelling. However, in English, resorting to
traditional phonology-to-orthography relationships of various
sizes can still lead to error-filled spelling given the inconsistent
nature of the orthography (particularly for vowels and larger,
more complex, grapheme-phoneme units). While Perfetti (1997)
argues that only one set of precise grapheme-phoneme connec-
tions is required for BUILDING the orthographic representation of
a word, two sets of connections (e.g., /ɪnsepərəbəl/ and its
decoded form /ɪnsepareɪbəl/ for “inseparable”) provide a “safety
net” by adding important redundancy to the representation,
thus improving its lexical quality (see Perfetti & Hart, 2001,
2002), and boosting the probability of fluent word reading and
more accurate spelling over time. Although this hypothesis
focuses on redundant orthography-to-phonology relationships
within one language of proficiency (i.e., storage of a word’s mis-
pronunciation based on English decoding rules in addition to the
word’s correct pronunciation), the same concept of storing two or
more sets of orthography-to-phonology relationships for fluent
reading and spelling could apply cross-linguistically. Over time,
encounters with identical and non-identical cognates in spoken
conversation, reading, and writing can support the application
of linguistic knowledge, in this case sublexical
orthography-to-phonology relations, from Spanish to English to

create a “boosting” effect for bilinguals’ sensitivity to mapping
individual English sounds onto English print when constructing
orthographic representations. This notion of a boosting effect in
English sublexical sensitivity and knowledge suggests that bilin-
guals should be able to draw upon consistent sublexical connec-
tions activated in Spanish to aid English word spelling, but
perhaps only for English words in which the sublexical connec-
tions are directly helpful (e.g., cognates; Perfetti & Hart, 2002).
Consider the example of the irregular English word “inseparable”,
an orthographically identical cognate in Spanish and English.
From a TRANSPARENCY standpoint each grapheme in the Spanish
translation equivalent “inseparable” only corresponds to one
phoneme, whereas each vowel grapheme in the English word cor-
responds to multiple phonemes, making the units in the Spanish
word more transparent. Similarly in terms of CONSISTENCY, each
“a” grapheme in the Spanish word corresponds to the same phon-
eme regardless of letter position, whereas each “a” grapheme in
the English word is unstressed, corresponding to two different
forms of the schwa /ə/ based on letter position, making the
units less consistent than the Spanish word. Following the lexical
quality hypothesis, we assume activation of Spanish sublexical
units will be advantageous for bilingual adults when asked to
spell irregular English words that are orthographically similar cog-
nates in Spanish and English (e.g., “inseparable”) and less advan-
tageous for spelling non-cognate words that activate less
overlapping cross-linguistic information. Additionally, this advan-
tage should not be present in monolingual adults’ cognate spelling
since they lack knowledge of spelling-sound relationships in
Spanish that could be activated and mapped onto English ortho-
graphic representations of cognates.

Range of cognate effects

There is substantial evidence that a bilingual individual’s two
languages are non-selectively activated in parallel when tasked
with producing or comprehending a word in one language
(De Groot, 2011; see Lijewska, 2020). Supporting evidence
includes several reports of the cognate facilitation effect: the dif-
ferential processing of cognates (words that are semantically
and orthographically identical like “inseparable” in Spanish and
English and near-identical words like “September” in English
and “septiembre” in Spanish) compared to non-cognates (e.g.,
“overwhelmed” in English and “abrumado” in Spanish) that
only share meaning across languages (Valente, Ferré, Soares,
Rato & Comesaña, 2018). The cognate facilitation effect has
been shown in word production (Colomé & Miozzo, 2010;
Costa, Caramazza & Sebastián-Gallés, 2000; Hoshino & Kroll,
2008; Kroll, Dietz & Green, 2000; Sadat, Martin, Magnuson,
Alario & Costa, 2016), as well as in visual and auditory word rec-
ognition, including lexical decision performance of bilingual
adults who have similar first language (L1) and second language
(L2) proficiency (Comesaña, Ferré, Romero, Guasch, Soares &
García-Chico, 2015) and those with higher L1 proficiency com-
pared to L2 (Dijkstra, Miwa, Brummelhuis, Sappelli & Baayen,
2010; Valente et al., 2018). These results also highlight how
person-level factors like L2 proficiency, language dominance,
and age of acquisition may moderate the size of observed cognate
effects (Comesaña, Bertin, Oliveira, Soares, Hernández & Casalis,
2018; Lijewska, 2020; Soares, Oliveira, Ferreira, Comesaña,
Macedo, Ferré & Fraga, 2019). For example, among bilinguals
who varied in Welsh and English dominance, Broersma, Carter
and Acheson (2016) report both facilitative and inhibitive cognate
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effects dependent on dominance and task demands. When tasked
with switching between languages to name pictures, facilitative
cognate effects were observed for Welsh-dominant and “equal-
dominance” bilinguals while inhibitive cognate effects were only
observed for English-dominant bilinguals when naming pictures
in Welsh. Even within the same task, cross-linguistic activation
occurs across different levels of processing, as shown by
Muscalu and Smiley’s (2019) results from bilinguals’ typed
word translations from L2 to L1 (see also Soares, Oliveira,
Ferreira, Comesaña, Macedo, Ferré, Acuña-Fariña,
Hernández-Cabrera & Fraga, 2019). Cognate facilitation was
only observed in response onset latencies for typed whole word
responses (i.e., lexical level), while spelling accuracy of cognates
was significantly lower compared to non-cognates (i.e., sublexical
inhibition). Similarly, Muylle, Van Assche and Hartsuiker (2022)
recently reported cognate facilitation in onset latencies for Dutch–
English bilinguals’ picture naming in both spoken and typewritten
modalities. Total latencies in the typewritten modality, however,
were longer for cognates with less cross-linguistic overlap, sug-
gesting that sublexical inhibition in typewritten production may
only be expected for orthographically non-identical cognates.

Given reports of cognate facilitation at the lexical level and
inhibition at the sublexical level for typewritten tasks, it is critical
to understand the roles of orthographic similarity (OS) and
phonological similarity (PS) of a given word and its translation
equivalent in cognate processing. Larger cognate facilitation
effects have been reported for orthographically identical cognates
compared to non-identical cognates in lexical decision (Comesaña
et al., 2015; Guasch, Ferré & Haro, 2017; Vanlangendonck,
Peeters, Rueschemeyer & Dijkstra, 2020), emphasizing OS effects
in cognate recognition (Dijkstra et al., 2010). Cognates with high
PS have also been shown to be facilitative of visual lexical decision
when accounting for OS (Comesaña et al., 2015; Comesaña,
Soares, Sánchez-Casas & Lima, 2012; Dijkstra et al., 2010) and
without considering OS (Dimitropoulou, Duñabeitia &
Carreiras, 2011). However, high PS was inhibitory in Dutch–
English bilinguals’ response latencies on a visual lexical decision
task composed of English cognates and homographs varying in
orthographic, phonological, and semantic overlap with Dutch
words (Dijkstra, Grainger & Van Heuven, 1999). Among
Spanish–English bilinguals, Carrasco-Ortiz et al. (2021) found
evidence of independent contributions from OS and PS to word
recognition latency. Facilitation was reported for cognates with
higher PS and lower OS and cognates with lower PS and higher
OS, but surprisingly, cognates with high PS and OS elicited slower
responses. In contrast, Comesaña et al. (2012) reported that
Portuguese–English bilinguals read higher PS cognates with
high OS more quickly than low PS cognates, but no PS effects
for cognates with low OS. Under the demands of both recognition
and production, Schwartz, Kroll and Diaz (2007) found that bilin-
guals’ word naming accuracy was facilitated for cognates when the
Spanish and English translation equivalents of the word were both
orthographically and phonologically similar, but response latency
was inhibited for naming words with low PS. These results reveal
a lack of consensus on expectations of cognate effects (i.e., inhib-
ition versus facilitation) in word recognition and naming when
accounting for a wide range of OS and PS in the cognate stimuli
selection. Relatedly, lack of evidence for a facilitation effect in
orthographically non-identical cognates compared to orthograph-
ically identical cognates suggests that the composition of stimuli
lists can influence the direction of OS and PS effects on word rec-
ognition (Arana, Oliveira, Fernandes, Soares & Comesaña, 2022;

Dijkstra et al., 2010). For example, Comesaña et al. (2015) report
bilinguals’ faster reaction times to orthographically identical and
non-identical cognates compared to non-cognates in a Spanish
lexical decision task, but when identical cognates were excluded,
cognate inhibition and PS effects emerged, suggesting that identi-
cal and non-identical cognates of alphabetic orthographies are
represented and processed differently, with stronger PS effects
on processing of non-identical cognates with lower OS.

Despite the breadth of cognate processing studies that have
examined various factors (i.e., participants’ language history,
task type, stimuli list composition) that influence the likelihood
of cognate facilitation and inhibition effects, the mechanism for
facilitative L1 activation in the recall and written production of
L2 word representations is still not clearly understood, particu-
larly in a context that requires both recognition of phonological
representations and recall of orthographic representations in
one language (i.e., English spelling). The Bilingual Interactive
Activation+ model (BIA+; Dijkstra et al., 2010; Dijkstra & Van
Heuven, 2002; Lam & Dijkstra, 2010; Van Hell, 2002) proposes
that through non-selective lexical access and bottom-up process-
ing, a given letter string automatically and subconsciously acti-
vates orthographically similar candidates, which then activate
sublexical units and their corresponding phonological representa-
tions, followed by activation of orthographic and phonological
representations at the lexical level, leading to faster recognition
of cognates relative to non-cognates, regardless of the partici-
pants’ expectations for language(s) of use in the task. Given the
assumption that auditory word recognition follows a similar
flow of activation as visual word recognition (Dijkstra & Van
Heuven, 2002), this model is appropriate for considering cognate
effects in the context of hearing a word before being asked to spell
it in the same language. The contrastive analysis perspective
assumes the possibility of cognate facilitation effects via conscious
recognition of structural similarities between L1 and L2. When a
learner recognizes similar features (e.g., phonological forms,
orthographic forms, and cognates) across languages, formation
of L2 representations can be facilitated (see Verhoeven, 2017),
leading to easier storage and recall of lexical representations in
an L2 that is closer to the L1 than a language that has a very dif-
ferent structure (Connor, 1996; Odlin, 1989). Taken together with
supporting evidence of the cognate facilitation effect in other
tasks and the concept of redundancy from the lexical quality
hypothesis (Perfetti & Hart, 2002), the BIA+ model and contrast-
ive analysis perspective suggest that the amount and type (phono-
logical or orthographic) of cross-linguistic overlap between
translation equivalents of a word should impact the extent to
which activation of L1 sublexical and lexical representations facil-
itates L2 English spelling accuracy. Based on these frameworks,
however, it remains unclear whether activation of L1 sublexical
representations will result in facilitated or inhibited L2 word spel-
ling and if the likelihood of facilitated spelling hinges on con-
scious and effortful recognition of structural similarities
between a cognate’s translation equivalents.

Complex word considerations

Features of the words and the speller’s background experience in
reading and spelling ability (in both languages for bilinguals) are
critical to explaining a person’s likelihood of representing a word’s
spelling with high quality. Adults need to be presented with chal-
lenging stimuli that balance frequency and familiarity to test the
quality and activation of orthographic representations (i.e., the
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complex words to be spelled) for cognates and non-cognates. For
this reason, the current study defines complex English words in
the dependent spelling task as polysyllabic low frequency irregular
words that most participants would likely recognize in their spo-
ken forms (i.e., adequate familiarity) but seldom encountered in
text (i.e., low frequency) prior to study participation. In addition
to each person’s item-specific familiarity with the words from the
dependent spelling task, we tested each person’s item-specific set
for variability (SfV), which is the process of recognizing a word
from its mispronunciation (based on English decoding rules)
and correctly pronouncing it (see Gibson & Levin, 1975;
Tunmer & Chapman, 2012; Venezky, 1999). SfV has been
shown to be an important item-level predictor of irregular word
reading accuracy in monolingual children (Steacy, Wade-
Woolley, Rueckl, Pugh, Elliott & Compton, 2019; Tunmer &
Chapman, 2012), as well as a general predictor of regular word
reading in bilingual children (Elbro, de Jong, Houter & Nielsen,
2012), suggesting that this may be an important skill to consider
in the recall of orthographic representations required for spelling
of complex English words. Including these item-level measures of
familiarity and SfV, the frequency of the target spelling words,
and general English literacy skills (e.g., nonword reading, word
reading, spelling, vocabulary) allows for interpreting the signifi-
cant contributions of other relevant person-level variables (e.g.,
bilingual status) and word-level variables (e.g., cognate status)
to spelling accuracy.

The current study

In the current study, we examined whether bilinguals show cog-
nate facilitation effects in spelling accuracy of complex English
words, and further whether prompting of the potential for cross-
linguistic similarities in sublexical units influences spelling per-
formance. To accomplish this, we assessed English word spelling
performance in a sample of undergraduate students, including
monolingual (English only) and bilingual participants (Spanish
and English) who vary in acquisition history and dominance.
We examined the role of word-level predictors (e.g., frequency,
length, and cognate status) and person-level predictors (e.g., bilin-
gual status, general English spelling and decoding, Spanish and
English word reading, English vocabulary, prompting, and set
for variability) in predicting item-level spelling performance of
complex English words, including cognates ranging in OS and
PS. We focused on spelling performance because spelling is
considered a purer measure of an individual’s orthographic repre-
sentational quality of a word compared to reading (Perfetti, 1997).
Echoing Anthony, Solari, Williams, Schoger, Zhang, Branum-
Martin and Francis’ (2009) methodological concerns with
analytic approaches used in early bilingual research, our statistical
approach explored individual differences using item-response
based crossed random-effects models, which allow item-level vari-
ance in spelling accuracy to be partitioned between individual
participants and words, permitting important person-by-word
interactions to be explored.

We predicted that bilingual participants would a) show higher
English spelling accuracy of complex cognate words compared to
monolinguals and b) demonstrate this cognate facilitation effect
regardless of whether they are prompted to consider Spanish spel-
ling. This second prediction was tested to replicate an important
assumption of the BIA+ model in the context of spelling complex
words (outside of direct translation demands) that rely on
precise sublexical information: participants’ expectations of the

language(s) used in a task should not influence the likelihood
of cross-linguistic facilitation. Given the difference in demands
of a spelling task compared to other language production and
recognition tasks (Bosman & Van Orden, 1997; Muylle et al.,
2022), no specific predictions for cognate type (identical vs
non-identical) or direction of OS and PS effects on spelling
accuracy were proposed in the current study. Ultimately, this
study aimed to provide a unique perspective in understanding
how a bilingual adult’s activated representations (i.e., ortho-
graphic and phonological, lexical and/or sublexical) and
word reading skills in both English and Spanish may potentially
facilitate accurate spelling of complex English words (i.e., whole
word orthographic representations), regardless of receiving the
instruction to actively consider each word’s sublexical units in
Spanish.

Methods

Participants

Over the course of nine months, data were collected from 120
undergraduate students in the psychology subject pool of a
large public university in the Southeast region of the U.S. Prior
to the study’s initiation, ethical approval was obtained from the
university’s ethics committee for human subject research, in com-
pliance with the U.S. Federal Policy for the Protection of Human
Subjects. Individual consent was obtained in person for each par-
ticipant before the first study session began. Bilingual participants
were randomly assigned to either receive prompting or no
prompting for thinking about the Spanish spelling of the complex
English words before attempting to spell them in the dependent
spelling task. A monolingual comparison group was recruited
for contrast purposes. Participating subjects completed two separ-
ate one-hour sessions and were compensated with extra credit for
selected courses.

Demographic data for 115 participants are presented in
Table 11, and person-level descriptive statistics for the full sample
are displayed in Table 2. Hispanic/Latino student populations
were intentionally oversampled to recruit eligible bilinguals with
Spanish and English fluency. Between prompted bilingual,
unprompted bilingual, and monolingual groups, there were no
significant group differences on any independent measures of
English oral vocabulary, word reading, or standardized spelling.
The participants’ ages ranged from 18 to 25 years. Monolingual
participants self-identified as primarily English-speaking with
no fluency in or prolonged exposure to Spanish. Bilingual partici-
pants self-identified as fluent in both Spanish and English with no
fluency in or significant exposure to a third language. They were
also required to reach a minimum proficiency on the Woodcock-
Muñoz Language Survey III (Woodcock, Alvarado, Ruef &
Schrank, 2017) Spanish word identification task (> 45 out of 70
words correctly read, equivalent to reading proficiency at 8
years of age). The heterogeneity of the sample of mainly heritage
Spanish speakers (i.e., informal L1 learners of Spanish language
with less developed Spanish literacy skills) is reflected in the
wide range of Spanish word reading scores and the majority
reporting English dominance with primarily Spanish home lan-
guage exposure. Two participants’ data were removed from the
final set of analyses due to their reports of trilingual fluency in

1Demographic data were missing for 3 participants on ethnicity, gender, race, and/or
home and dominant languages and therefore not included in final analyses.
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Russian and Slovenian (see Hoshino & Kroll, 2008, for evidence of
cross-script cognate facilitation effects).

Procedures

Participants were assessed on reading, spelling, word familiarity,
oral vocabulary, and set for variability (SfV) performance across
two 30–40 minute sessions. In the first testing session, SfV was
administered first, followed by English and Spanish familiarity,
standardized English spelling, English word reading, English
reading fluency, and Spanish word reading (bilinguals only).
In the second testing session (at least 3 days after the first
session), dependent spelling was administered first, followed by
English oral vocabulary and the online demographics
survey. All tasks were taken from pre-existing standardized
tests, except for the SfV and familiarity tasks, which were
adapted from measures used by Steacy et al. (2019) and
Kearns, Rogers, Koriakin and Al Ghanem (2016). Raw total
scores for each Woodcock-Johnson III (Schrank, 2005) measure

were used in the main analyses, as well as raw total scores
for the Woodcock-Muñoz Language Survey III (Woodcock
et al., 2017) Spanish word identification task in an exploratory
analysis.

Dependent measure

Spelling
The spelling task consisted of 40 English words; 20 cognates and
20 matched non-cognates (see Appendix). The 20 cognates were
chosen from NTC’s Dictionary of Spanish Cognates (Nash,
1997) for having identical (i.e., no difference in spelling) or
near identical (i.e., 1–3 letters different) spellings between
Spanish and English translation equivalents. The 20 non-cognates
were selected from the English Lexicon Project (Balota, Yap,
Hutchison, Cortese, Kessler, Loftis & Treiman, 2007) and
matched to the cognates in length, frequency, number of mor-
phemes and phonemes, lexical decision reaction time, and reading
accuracy. After study completion, two items that were originally

Table 1. Demographic characteristics of participants.

Variable
Full sample
N = 115*

Monolingual
n = 40*

Bilingual
n = 75*

Chi square
tests of independence

Age (Years) M = 19.57
SD = 3.07

M = 19.50
SD = 1.30

M = 19.60
SD = 3.69

Sex (%) χ2 (4) = 5.96

Female 63.48 65.00 36.00 p = .202

Male 35.65 35.00 62.67

No answer 0.87 – 1.33

Ethnicity (%) χ2 (2) = 76.76

Hispanic/Latino 68.70 10.00 100.00 p < .001

Non-Hispanic/Latino 31.30 90.00 –

Home Language (%)

Spanish 46.09 – 70.67

English 44.34 100.00 14.67

Both 9.57 – 10.66

Other – – 4.00

Dominant Language (%)

Spanish 15.65 – 24.00

English 84.35 100.00 76.00

Race (%) χ2 (12) = 15.38

American Indian/Alaskan Native 0.87 – 1.33 p = .22

Asian 1.74 5.00 –

Black/African American 1.74 5.00 –

Caucasian 81.74 87.50 78.67

Multiracial 3.48 2.50 4.00

No answer 6.10 – 9.33

Other 4.35 – 6.67

Note. *Demographic data is only reported for 115 participants (instead of the full sample of 118 participants) due to incomplete survey responses from three participants (2 monolingual, 1
bilingual) on the relevant variables.
M and SD are used to represent mean and standard deviation, respectively.
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coded as non-cognates were determined to be more comparable
in orthographic similarity between Spanish and English transla-
tion equivalents to other cognates (range = .70–1.00) compared
to non-cognates (range = 0−.50); therefore, the words were
recoded as cognates and the final spelling list consisted of 22 cog-
nates (7 identical, 15 near identical) and 18 non-cognates.
Between cognates and non-cognates, only number of syllables
was significantly different ( p = .02) while all other lexical features
were not significantly different ( p > .05; see Table 2). The admin-
istration procedures for the spelling task were adapted from the
Woodcock-Johnson III (Schrank, 2005) standardized spelling
task, in which participants heard each word read aloud on a
recording, used in a sentence, and then repeated in isolation
before being asked to spell it on paper. Cronbach’s alpha was .92.

Independent word-level measures

Cognate status
This is a dichotomous categorization of the 40 spelling words as
non-cognate (0) or cognate (1) based only on orthographic and

semantic overlap between Spanish and English translation
equivalents.

Frequency
The 40 spelling words’ log-transformed HAL frequency values,
based on the Hyperspace Analogue to Language corpus, were
taken from the English Lexicon Project (Balota et al., 2007).
The corpus consists of approximately 131 million words gathered
from 3,000 newsgroups during 1995. The log transformed HAL
frequency reported for the 40 spelling words ranges from 4.52
to 8.34.

Orthographic similarity (OS)
This measure of spelling (i.e., orthographic) overlap between the
40 English spelling words and their Spanish translation equiva-
lents was calculated with normalized Damerau-Levenshtein dis-
tance (NDLD) values on a scale of 0 to 1 (0 = no operations
required to match spelling across language). Values were reverse
coded to represent similarity values with higher values indicating
higher similarity rather than distance.

Table 2. Descriptive statistics of person and word-level variables by group.

Prompted Bilingual
(n = 38)

Unprompted Bilingual
(n = 38)

Monolingual
(n = 42)

F(2, 115) pM SD M SD M SD

Outcome variable

Dependent spelling 23.23 6.82 22.05 6.52 23.81 6.52 0.87 .42

Person-level variables

Standardized spelling 51.18 3.36 50.53 3.57 50.77 3.65 .17 .85

Oral vocabulary 30.18 5.61 28.32 4.93 31.53 3.13 3.85 .12

Decoding (PDE) 55.31 7.65 51.61 8.95 55.00 7.73 2.58 .08

English familiarity 30.03 5.26 28.63 4.72 30.81 4.55 1.29 .28

SfV (Total) 23.36 5.73 21.74 5.02 24.05 5.61 1.56 .22

Spanish familiarity 15.26 2.43 15.03 2.62 5.21 3.90 155.20 <.001

Spanish reading (AE) 16.87 4.41 16.88 4.38 – –

Spanish word reading 63.49 4.97 61.95 5.52 – –

Cognate
(n = 22)

Non-cognate
(n = 18)

F(1, 40) p

Word-level variables M SD M SD

Length 9.68 1.99 9.72 2.02 <.01 .95

LD reaction time (s) 808.30 97.60 775.90 89.26 1.17 .29

LD reading accuracy .86 .14 0.87 0.14 .05 .83

Log HAL frequency 6.25 1.04 6.31 1.17 .02 .88

Morphemes 2.09 .75 2.44 1.15 1.37 .25

OS .29 .08 .23 .15 288.70 <.001

Phonemes 8.59 1.84 8.06 1.83 .84 .37

PS .29 .08 .06 .07 91.80 <.001

Syllables 3.59 .91 2.89 .90 5.96 .02

Note. M and SD are used to represent mean and standard deviation, respectively. ANOVA Bonferroni correction was conducted to correct for multiple comparisons at the person level
(3 groups) and word level (2 groups).
OS = orthographic similarity; PDE= phonemic decoding efficiency subtest from the TOWRE-2 (Torgesen et al., 2012); SfV = Set for Variability; AE = age equivalent scores; HAL = Hyperspace
Analogue to Language corpus; LD = lexical decision (based on data available from the English Lexicon Project, Balota et al., 2007); PS = phonological similarity.
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Number of morphemes
This measures the number of morphemes in each word based on
data from the English Lexicon Project (Balota et al., 2007). The
range reported for the 40 spelling words is 1 to 4 morphemes.

Phonological similarity (PS)
This measure of pronunciation overlap between the 40 English
spelling words and their Spanish translation equivalents was cal-
culated by transcribing the word pairs to International Phonetic
Alphabet (completed by an experienced speech language patholo-
gist, with consideration of the mainstream Spanish dialect of
Latin American Spanish and mainstream English dialect of
General American English). After converting the IPA forms to
SAMPA2, NDLD values on a scale of 0 to 1 were calculated for
each pair of words and reverse coded to represent similarity values
ranging from 0 to 0.46 with higher values indicating higher
similarity.

Word length
This measures the number of letters in each of the 40 spelling
words, ranging from 6 to 13 letters.

Independent person-level measures

Bilingual status
This is a dichotomous categorization of participants as monolin-
gual (0; English only) or bilingual (1; Spanish and English) based
on participants’ self-identification of being monolingual or bilin-
gual and (for bilinguals only) reading more than 45/70 words cor-
rectly on the Woodcock-Muñoz Language Survey III (Woodcock
et al., 2017) Spanish word identification task.

Prompting
Half of the bilingual participants (n = 38) were randomly assigned
to receive an additional instruction before hearing the first spel-
ling word (i.e., “think of the words in Spanish prior to attempting
to spell them”). The unprompted bilinguals (n = 38) and mono-
linguals (n = 42) did not hear this additional instruction.

English and Spanish familiarity
These measures were adapted from Kearns et al.’s (2016) measure
to include the complete list of 40 spelling words and 5 foil words,
and a list of the Spanish translation equivalents of the same 45
words. After hearing a recording of each English word in isola-
tion, participants provided a yes/no response for whether the
word sounded familiar or not (based on having heard or encoun-
tered the word in text prior to the testing session). Following the
same instructions, the Spanish list was presented to all partici-
pants to account for any Spanish exposure that monolingual par-
ticipants may have had prior to the study and proxy for bilingual
participants’ Spanish vocabulary. Cronbach’s alpha was .79 for
English familiarity3.

Oral vocabulary
The Woodcock-Johnson III (Schrank, 2005) English vocabulary
subtest required participants to identify pictures with single

word descriptions for up to 44 items. The authors report split-half
reliability of .81.

Word and nonword reading fluency
The English reading fluency tasks were the sight word efficiency
(for real words) and phonological decoding efficiency
(for nonwords) subtests from the TOWRE-2 (Torgesen,
Wagner & Rashotte, 2012). Participants were asked to read a
list of 108 sight words and a list of 66 nonwords as quickly and
accurately as possible within the span of 45s for each list. The
authors report an alternate forms reliability of .91 for sight
word efficiency and .92 for phonemic decoding efficiency.

Set for variability (SfV) mispronunciation task
Based on the work of Tunmer and Chapman (1998, 2012) and
Steacy et al. (2019) with elementary-aged students, SfV was eval-
uated by participants’ ability to derive the correct pronunciation
from spoken English words that are “mispronounced” based on
decoding rules, as if they were regular words or partially decoded
(e.g., /brikfəst/ for / brεkfəst/). This is an experimental measure
aimed at capturing adult participants’ phonological flexibility
and the strength of lexical representations for the 40 spelling
words. Cronbach’s alpha was .90.

Standardized spelling
The Woodcock-Johnson III (Schrank, 2005) spelling subtest was
used to measure general spelling ability of increasingly difficult
English words (N = 59) appropriate for the sample’s specific age
range. The authors report split-half reliability of .90.

Word identification
The word identification subtests from the Woodcock-Johnson III
(Schrank, 2005) were used to measure their ability to read 76
words across difficulty levels in English. Only self-identified bilin-
gual participants completed the Spanish word identification subtest
of the Woodcock-Muñoz Language Survey III (Woodcock et al.,
2017) to confirm that they had an appropriate minimum Spanish
proficiency to be considered “bilingual” for this study. This subtest
helped highlight a small group of students who had self-identified as
bilingual based on some high school or undergraduate course
experience with oral and written comprehension, but who displayed
very low reading proficiency. For those who did not reach a min-
imum proficiency on the test (> 45 out of 70 words correctly
read, equivalent to reading proficiency at 8 years of age), testing
was discontinued and their data was not included in the final sam-
ple. The authors report split-half reliability of .94 for the English
subtest and .95 for the Spanish subtest.

Fidelity

A fidelity-of-implementation checklist was developed based on
the testing scripts for the Woodcock-Johnson III (Schrank,
2005), Woodcock-Muñoz Language Survey III (Woodcock et al.,
2017), Test of Word Reading Efficiency 2 (TOWRE-2; Torgesen
et al., 2012), and researcher-created scripts for the remaining
measures. Graduate and undergraduate assistants were trained
to administer testing sessions with fidelity, including weekly train-
ing sessions over the course of two months, after which each
research assistant was required to practice administering each
measure to either the primary investigator or the trainer.
Finally, research assistants completed mock test administration
sessions with the trainer, who gave targeted feedback in the rare

2We transformed double characters that represented a single consonant sound in the
SAMPA transcription into single unique characters (e.g., dZ for the /dʒ/ phoneme in “dis-
couraging” transformed to 9 in the final SAMPA transcription).

3Cronbach’s alpha is not reported for the Spanish familiarity task here due to our lack
of item-level data available for this task.
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event that fidelity of implementation was less than 80%.
Subsequently, research assistants were asked to practice more
and required to complete another mock testing session with fidel-
ity above 80%. During the data collection period, the trainer met
with assistants after their first testing sessions to address any
unplanned complications with subjects and answer questions.
Fidelity estimates were maintained at >80% across participants
in these preliminary trials to ensure greater confidence in fidelity
over the course of data collection.

All testing sessions were audio-recorded and, following the com-
pletion of each data collection period (three total), 15% of the record-
ings were randomly selected for fidelity checks of test administration.
All tests were triple-scored by three team members and double-
entered; a separate researcher was asked to resolve any discrepancies
between each set of scores and entries. The REDCap (Research elec-
tronic data capture) tool hosted at Vanderbilt University (Harris,
Taylor, Thielke, Payne, Gonzalez & Conde, 2009) was used to enter
and manage data throughout the study period.

Data Analysis

Item-response based crossed random-effects models were used to
account for the roles of person-level, word-level, and item-specific
predictors of complex word spelling variance while identifying
significant interactions between person- and word-level predic-
tors. These cross-classified models were used to predict the parti-
cipants’ spelling accuracy of the specific word (e.g., “macabre”)
coded as a dichotomous response (correct or incorrect) using
person-level (e.g., bilingual vs. monolingual status, prompted vs.
non-prompted, vocabulary total score), word-level (e.g., fre-
quency, length, cognate vs. non-cognate status), item-specific pre-
dictors (e.g., indivudal response to a specific word on the SfV
mispronunciation task – correctly identifying “macabre” from
/mækʌbɜː/), and interactions (e.g., bilingual status by cognate sta-
tus). Modeling these random effects simultaneously decreases the

probability of unbiased estimates, which may have been more
problematic with separate analyses at only the person or item
level due to “ignored dependencies” within the data (Gilbert,
Compton & Kearns, 2011).

These analyses were conducted using a binomial distribution
with a logit link, available through the glmer function (Bates &
Maechler, 2009) in the lme4 package from R programming
(R Development Core Team, 2012). All continuous person- and
word-level predictors were grand mean-centered to aid in inter-
preting the intercept and coefficients.

Results

Word-level descriptive statistics for cognates and non-cognates are
presented in Table 2 along with zero-order correlations for word
features in Table 3. Only orthographic and phonological similarity
were significantly correlated with cognate status at .94 and .84,
respectively, confirming that the three measures are capturing a
similar lexical feature of “cognateness.” Additionally, person-level
descriptive statistics are presented in Table 2 along with zero-order
correlations for person features in Table 3. The only person-level
predictors that were significantly correlated with bilingual status
were Spanish familiarity (.85) and oral vocabulary (−.21), but
prompted bilinguals, unprompted bilinguals, and monolinguals
did not significantly differ by group in oral vocabulary ( p = .12).
All person-level predictors apart from bilingual status were signifi-
cantly correlated with standardized spelling, including a small asso-
ciation with Spanish familiarity (.06), moderate associations with
oral vocabulary (.34), English decoding (.43), and English familiarity
(.54), and the largest association with set for variability (.68).

Unconditional model

A series of crossed random-effects models (see Table 4) were run
to decompose and model item-level spelling variance associated

Table 3. Person & word-level feature correlations in the full sample (N = 118).

Person-level variables M SD 1 2 3 4 5 6

1. Bilingual Status – –

2. Standardized Spelling 50.79 3.53 .001

3. Oral Vocabulary 30.19 4.78 −.21* .34**

4. Decoding (PDE) 53.95 8.35 −.10 .43** .14

5. English Familiarity 29.97 4.92 −.11 .54** .55** .26*

6. Spanish Familiarity 11.52 5.72 .85** .06* −.21* −.12 .07

7. SfV (Total) 23.06 5.62 −.12 .68* .57** .49** .73** .01

Word-level variables M SD 1 2 3 4 5

1. Cognate Status – –

2. Orthographic Similarity .59 .35 .94**

3. Log HAL Frequency 6.28 1.09 −.03 .07

4. Length 9.70 1.98 −.02 .06 .26

5. Morphemes 2.25 .95 −.19 −.12 .30 .57**

6. Phonological Similarity .19 .14 .84** .84** −.08 .17 −.05

Note. M and SD are used to represent mean and standard deviation, respectively.
* indicates p < .05. ** indicates p < .001.
Bilingual status is coded as 0 for monolingual, 1 for bilingual. Cognate status is coded as 0 for non-cognate, 1 for cognate.
PDE = phonemic decoding efficiency; SfV = set for variability.
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Table 4. Fixed effects predicting probability of correct word spelling responses on dependent spelling task.

Main effects model (N = 118) Main interaction model (N = 118) Interaction OS model (N = 118) Interaction PS model (N = 118)

Fixed effects Est. SE z p Est. SE z p Est. SE z p Est. SE z p

Intercept .27 .32 .85 .40 −.58 .32 −1.81 .07 −.45 .42 −1.06 .29 −.43 .37 −1.18 .24

Person-by-word factorsa

SfV – – – – .59 .11 5.55 <.001 .59 .11 5.55 <.001 .59 .11 5.51 <.001

English Familiarity – – – – .91 .12 7.36 <.001 .91 .12 7.36 <.001 .91 .12 7.40 <.001

Bilingual x Cognate – – – – .54 .16 3.33 <.001 – – – – – – – –

Bilingual x OS – – – – – – – – .72 .24 3.02 <.01 – – – –

Bilingual x PS – – – – – – – – – – – – 1.61 .59 2.74 .01

Person factorsb

Bilingual −.08 .10 −.74 .46 −.40 .14 −2.87 <.01 −.53 .18 −2.97 <.01 −.41 .15 −2,63 .30

Decoding (PDE) .01 .01 2.08 .04 .02 .01 2.20 .03 .02 .01 2.20 .03 .02 .01 2.19 .03

English Familiarity .01 .01 .41 .68 −.02 .02 −1.10 .27 −.02 .02 −1.10 .27 −.02 .02 −1.13 .26

Oral Vocabulary .02 .01 1.45 .15 .02 .01 1.60 .11 .02 .01 1.59 .11 .02 .01 1.57 .12

SfV .07 .02 4.45 <.001 .06 .02 3.29 .001 .06 .02 3.29 <.001 .06 .02 3.32 <.001

Spelling .15 .02 7.93 <.001 .16 .02 7.99 <.001 .16 .02 7.99 <.001 .16 .02 8.00 <.001

Word factorsc

Cognate .64 .42 1.53 .13 .31 .40 0.77 .44 – – – – – – – –

Length .03 .13 .26 .79 −.07 .12 −0.60 .55 −.07 .13 −.57 .57 −.08 .13 −.62 .53

Log HAL Frequency 1.01 .20 5.08 <.001 .86 .19 4.61 <.001 .85 .19 4.43 <.001 .88 .19 4.58 <.001

Morphemes −.04 .27 −.14 .88 −.07 .25 −0.26 .77 −.11 .26 −.41 .68 −.12 .26 −.48 .63

OS – – – – – – – – .08 .59 .13 .89 – – – –

PS – – – – – – – – – – – – .18 1.53 .12 .91

Intercepts Variance Variance
Explained

Variance Variance
Explained

Variance Variance
Explained

Variance Variance
Explained

Person .10 91.22% .10 91.07% .10 91.18% .10 91.07%

Word 1.58 44.99% 1.36 51.50% 1.43 50.08% 1.44 49.88%

Note. Each of the predictors and respective estimates represent the results from predicting probability of word spelling accuracy from all variables simultaneously (i.e., in the presence of all other word- and person-level predictors in the model).
Est. = parameter estimate; SE = standard error; SfV = set for variability; PDE = phonemic decoding efficiency; OS = orthographic similarity; PS = phonological similarity; Morphemes = number of morphemes.
aPerson-by-word factors include item-specific performance and interactions of person- and word-level variables; bPerson factors represent aggregate performance by the individual on the measure, except for bilingual status, which is coded as 0 for
monolingual, 1 for bilingual. cWord factors represent fixed characteristics of each specific word on the dependent spelling measure.
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Table 5. Fixed effects predicting bilinguals’ probability of correct word spelling responses on dependent spelling task.

Prompting model (n = 76) OS Prompting model (n = 76) PS Prompting model (n = 76)
Spanish Reading model

(n = 76)

Fixed effects Est. SE z p Est. SE z p Est. SE z p Est. SE z p

Intercept −.95 .32 −2.97 <.01 −.95 .42 −2.26 .02 −.82 .37 −2.20 .03 −.92 .32 −2.89 <.01

Person-by-word
factorsa

SfV (Item-Level) .49 .13 3.72 <.001 .49 .13 3.72 <.01 .49 .13 3.71 <.001 .49 .13 3.68 <.001

English Familiarity 1.00 .15 6.49 <.001 .99 .15 6.48 <.001 .99 .15 6.47 <.001 .10 .15 6.50 <.001

Person factorsb

Prompting −.11 .12 −.88 .38 −.11 .12 −.88 .38 −.11 .12 −.88 .38 −.17 .12 −1.37 .17

Spelling .17 .02 6.78 <.001 .17 .02 6.78 <.001 .17 .02 6.78 <.001 .16 .02 6.89 <.001

Oral Vocabulary .02 .02 1.26 .21 .02 .02 1.26 .21 .02 .02 1.27 .21 .03 .02 1.88 .06

Decoding (PDE) .01 .01 1.75 .08 .01 .01 1.75 .08 .01 .01 1.75 .08 .01 .01 1.76 .18

English Familiarity −.03 .02 −1.60 .11 −.03 .02 −1.60 .11 −.03 .02 −1.60 .11 −.03 .02 −1.65 .10

SfV (Total) .07 .02 3.21 <.01 .07 .02 3.21 <.01 .07 .02 3.22 <.01 .06 .02 2.66 .01

Spanish Reading – – – – – – – – – – – – .03 .01 2.49 .01

Word factorsc

Cognate .87 .39 2.24 .02 – – – – – – – – .87 .39 2.23 .03

Length −.08 .12 −0.68 .50 −.08 .13 −.65 .51 −.10 .13 −.75 .46 −.08 .12 −.67 .50

Log HAL Frequency .85 .19 4.56 <.001 .83 .19 4.30 <.001 .88 .19 4.53 <.001 .85 .19 4.55 <.001

Morphemes −.05 .25 −0.19 .85 −.09 .26 −.35 .72 −.12 .26 −.44 .66 −.05 .25 −.19 .85

OS – – – – .81 .57 1.41 .16 – – – – – – – –

PS – – – – – – – – 1.87 1.49 1.26 .21 – – – –

Intercepts Variance Variance
Explained

Variance Variance
Explained

Variance Variance
Explained

Variance Variance
Explained

Person .10 91.53% .10 91.42% .10 91.53% .07 93.44%

Word 1.30 55.63% 1.41 52.08% 1.43 51.51% 1.31 55.46%

Note. Each of the predictors and respective estimates represent the results from predicting probability of word spelling accuracy from all variables simultaneously (i.e., in the presence of all other word- and person-level predictors in the model).
Est. = parameter estimate; SE = standard error; SfV = set for variability; PDE = phonemic decoding efficiency; OS = orthographic similarity; PS = phonological similarity; Morphemes = number of morphemes.
aPerson-by-word factors include item-specific performance and interactions of person- and word-level variables; bPerson factors represent aggregate performance by the individual on the measure, except for bilingual status, which is coded as 0 for
monolingual, 1 for bilingual. cWord factors represent fixed characteristics of each specific word on the dependent spelling measure.
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with persons and words for all participants (N = 118).
Probabilities were calculated based on logit estimates from each
respective model. The unconditional model intercept indicated
that the average probability of a correct response across words
and participants on the target spelling task was .64. Variance esti-
mates at the person-level (1.12) and word-level (2.87) suggested
that there was significant variance to be explained at both levels
in subsequent models.

Main effects models

All person- and word-level predictors were entered into the mod-
els simultaneously to predict item-level spelling performance (see
Table 4). Across all words, controlling for person-level variables
(bilingual status and total scores for English spelling, vocabulary,
decoding, familiarity, set for variability [SfV]) and word-level
variables (cognate status, frequency, length, number of mor-
phemes), bilinguals and monolinguals did not differ in the likeli-
hood of correctly spelling a word. At the person level, significant
contributions from total SfV, standardized English spelling, and
English decoding indicated that participants had a higher likeli-
hood of spelling accuracy if they were generally better at being
flexible with phonological representations of English words,
English spelling, and English decoding. At the word level, only
frequency significantly predicted item-level spelling accuracy,
indicating that higher frequency words were more likely to be

spelled correctly, regardless of length, number of morphemes,
or cognate status.

An additional set of models estimated the contribution of
each predictor alone in predicting the probability of correct spel-
ling (see supplemental Table S1). In the presence of no other
predictors in each respective model, all person-level variables
significantly predicted item-level spelling accuracy ( p < .001),
except for bilingual status and Spanish familiarity, indicating
that in isolation, neither of these factors significantly accounted
for variance in participants’ spelling accuracy. At the word
level, only frequency significantly predicted item-level spelling
accuracy.

Main interaction model

The main interaction model was run with the full sample
(N = 118) to investigate the specific relationship between the par-
ticipant’s bilingual status and a word’s cognate status (i.e., the
bilingual by cognate interaction term) in predicting item-level
spelling performance, while controlling for other item-specific,
person-level, and word-level variables (see Table 4). The signifi-
cant crossover interaction (see Figure 1) indicates that bilinguals
had a significantly higher probability of correctly spelling cog-
nates compared to non-cognates. Analysis of the simple slopes
in the main interaction model revealed that across groups, how-
ever, bilinguals did not significantly differ from monolinguals in

Fig. 1. Interaction of bilingual status and cognate status in dependent spelling task.
Note. Error bars represent 95% confidence intervals.
On the x-axis, 0 = non-cognate, 1 = cognate. In the legend, 0 = monolingual, 1 = bilingual.
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likelihood of spelling cognates accurately, which does not support
our first hypothesis that bilinguals would outperform monolin-
guals in cognate spelling accuracy. The interaction also shows
that monolinguals had a significantly higher probability of cor-
rectly spelling non-cognates compared to bilinguals, suggesting
that the significant (negative) main effect of bilingual status on
spelling accuracy in this model may have been driven by signifi-
cant group differences in non-cognate spelling. This model
accounted for 91.07% of person-level variance and 51.50% of
word-level variance in spelling accuracy. To probe the likelihood
of identical cognates driving this cognate effect in bilingual
spelling, we ran a separate model with 7 identical cognates
excluded, leaving only 19 non-cognates and 14 non-identical cog-
nates. Interaction results (γ = .49, z = 2.72, p = .01) replicated the
significant cognate status by bilingual status interaction effect
reported for the whole sample of 40 words, with bilinguals
exhibiting a higher likelihood of accurate non-identical cognate
spelling compared to non-cognates and monolinguals showing a
smaller difference in likelihood of correct spelling between non-
identical cognates and non-cognates.

As expected, the significant effects of English standardized
spelling and decoding indicated that participants with higher
English spelling and decoding performance had a slightly higher
probability of accurate spelling across words on the target spelling
task. Interestingly, SfV performance significantly predicted item-
level spelling accuracy at both the person and item levels, indicat-
ing that a) participants with generally more flexible phonological
representations of English target spelling words had a higher
probability of accurately spelling each target word and b) an indi-
vidual who correctly identified and pronounced a specific target
word after hearing its mispronunciation had a probability of .51
of accurately spelling that word (compared to a .24 probability
of spelling accuracy for those who did not provide a correct
response to the word’s mispronunciation in the SfV task). Also
at the item level, a participant’s familiarity with a target spelling
word in English was a strong predictor of accurately spelling
that particular word (.58 for those familiar with the word, .19
for those unfamiliar with the word) in contrast to the insignificant
contributions of total scores on English familiarity and oral
vocabulary to item-level spelling accuracy. The only significant
word-level predictor was frequency, similar to the main effects
model.

Exploratory interaction models

To further explore the crossover interaction between bilingual sta-
tus and cognate status, two separate models replaced the dichot-
omous cognate variable with orthographic similarity (OS) and
phonological similarity (PS) as alternative continuous “cognate-
ness” measures (see Table 4). In their respective models, and con-
sistent with the previous interaction model, neither OS nor PS
uniquely accounted for any significant variance in item-level spel-
ling accuracy when competing with other item-specific, person-
level, and word-level predictors. For bilinguals, the significant
interactions in both exploratory interaction models show a
trend towards higher OS and PS being associated with a higher
probability of accurate word spelling. However, analysis of the
simple slopes in each model confirmed that neither monolinguals’
nor bilinguals’ likelihood of spelling accuracy was significantly
impacted by OS or PS. Considerations for future cognate stimuli
selection representing a wider range of OS and PS are offered in
the Discussion.

Prompting models

Next, an unconditional model was conducted including only
bilingual participants (n = 76), showing that the average probabil-
ity of a correct response across words and bilinguals on the target
spelling task was .62, with variance estimates of 1.14 at the person
level and 2.94 at the word level (similar to estimates reported in
the unconditional model with the full sample). To explore the
role of prompting in bilingual spelling accuracy, a model of
only bilingual participants included similar item-specific, person-
level, and word-level predictors from the main interaction model,
with bilingual status replaced by prompting (see Table 5). As
hypothesized, there was no significant effect of prompting indicat-
ing that there was no difference in the likelihood of spelling accur-
acy between bilingual participants who were prompted to think of
the words in Spanish before attempting to spell in English and
unprompted bilinguals. Notably, English decoding was a signifi-
cant person-level predictor in the main interaction model, but
not significant in the prompting model when only bilinguals
were included. In contrast to the previous models, cognate status
significantly predicted bilinguals’ item-level spelling accuracy in
the prompting model. Significant contributions of all other item-
specific, person-level, and word-level predictors to item-level spel-
ling accuracy were similar between the main interaction and
prompting models. Similar to the exploratory results reported
for the full sample, when cognate status was replaced with OS
or PS as a continuous word-level predictor in the prompting
model, very little additional word-level variance was accounted
for in bilinguals’ spelling accuracy (see Table 5). Another explora-
tory analysis revealed that performance on Spanish word reading,
among other item-specific, person-level, and word-level predic-
tors, did significantly predict bilinguals’ likelihood of spelling
accuracy, indicating that higher performance on Spanish word
reading was predictive of higher spelling accuracy.

Discussion

With a growing interest in bilingual populations and a lack of
understanding regarding the different word- and person-level fea-
tures that can contribute to adult spelling accuracy, this study
aimed to explore the unique effects of cognates and bilingualism
in complex English word spelling performance. The primary ana-
lysis included an interaction of bilingual status and cognate status
predicting item-level complex word spelling. Bilingual status,
along with total scores on English standardized spelling, decod-
ing, vocabulary, familiarity, and set for variability (SfV) were
included as predictors to represent general person-level English
language skills. Cognate status, word length, frequency, and num-
ber of morphemes were included as predictors to represent word
features that may influence a participant’s ability to correctly spell
each target word in English. Participants’ item-specific familiarity
and SfV of the spelling words were also included as predictors.
Together, these predictors were included in the models to create
a layered interpretation that captures the roles of general person
skills (person-level), fixed word characteristics (word-level), item-
specific performance, and person-by-word interactions in accur-
ate word spelling.

As predicted by the lexical quality hypothesis (Perfetti & Hart,
2002), item-specific English familiarity significantly predicted
word spelling accuracy across participants and words in all inter-
action models. Given that the less frequent target words would be
less likely to be heard or practiced in an undergraduate student’s
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oral vocabulary range, the variance that general oral vocabulary
may normally account for in spelling accuracy (Ocal & Ehri,
2017) may have been absorbed by the familiarity measure that
includes the 40 spelling words as individual items, making
familiarity closer in proximity and more highly correlated
at .54 ( p < .001) to total target spelling scores than the general
oral vocabulary task, which was moderately correlated with total
spelling at .34 ( p < .001). Also supporting the lexical quality
hypothesis is a consistently significant contribution from general
SfV (i.e., total number of dependent spelling words correctly
recognized from their decoded pronunciation) and item-specific
SfV (i.e., ability to correctly recognize a specific word from its
decoded pronunciation) to spelling accuracy in all interaction
models. This finding aligns with Perfetti and Hart’s (2001)
assumption that formation of a high-quality representation relies
on storing redundant phonological representations, including
at least one that is recoverable from regular orthographic-to-
phonological mappings (see Edwards, Steacy, Siegelman,
Rigobon, Kearns, Rueckl & Compton, 2022; Elbro, 1998; Elbro
& Jensen, 2005; Goswami, 2000). For the whole sample, the SfV
contributions can be interpreted as a more highly skilled speller
having a higher quality orthographic representation of a given
familiar spelling word that allows for recognition of that word’s
decoded pronunciation heard in the SfV task (i.e., a second plaus-
ible pronunciation based on orthographic-to-phonological map-
pings), likely as a result of an item-specific encounter (i.e.,
having successfully decoded the specific word before) given the
low frequency of the spelling words tested in this sample. If SfV
can be understood as a measure of redundancy for a specific lex-
ical representation (see Rigobon, Gutierrez, Edwards, Marencin,
Borkenhagen, Steacy & Compton, under review) and accurate
English spelling relies heavily on high-quality lexical entries that
are only influenced by highly constrained sources within the lexi-
con (Perfetti & Hart, 2001), it still remains unclear how available
sources of phonological redundancy in the bilingual lexicon may
be influenced by phonological and orthographic representations
in both languages of proficiency. In other words, the relationship
between performance on SfV and spelling, while not significantly
different between prompted bilingual, unprompted bilingual, and
monolingual groups in this sample, may be influenced by a differ-
ent set of highly constrained sources in the bilingual lexicon (e.g.,
a word’s decoded pronunciation in English, direct translation in
Spanish, and cross-linguistic orthographic and phonological
neighbors) from the sources of phonological redundancy available
in the monolingual lexicon.

Based on the main interaction model’s results, the primary
hypothesis was not supported: bilingual participants did not
show a significantly higher probability of spelling cognate words
correctly compared to their monolingual peers. Bilinguals and
monolinguals did, however, differ significantly on non-cognate
spelling, with monolinguals outperforming bilinguals (i.e., a
crossover interaction). Importantly, this finding was still sup-
ported even with English standardized spelling and familiarity
(item-specific and person-level) in the model, suggesting that
broader English spelling skills and familiarity with these specific
items cannot account for all unique variance in the likelihood
of target word spelling. Bilinguals did, however, show significantly
higher spelling performance on cognates compared to non-
cognates, supporting prior findings of cognate facilitation effects
among bilingual adults (Comesaña et al., 2015; Dijkstra et al.,
2010; Hoshino & Kroll, 2008; Muscalu & Smiley, 2019; Valente
et al., 2018). This result presents initial evidence of a cognate

facilitation effect on a task of English spelling that does not
include the additional demand of direct translation. Given the
importance of precise position coding and sublexical mappings
in accurate spelling (Perfetti, 1997), the BIA+ model (Dijkstra
et al., 2010; Dijkstra & Van Heuven, 2002; Lam & Dijkstra,
2010) of visual word recognition is best suited to account for
the cross-linguistic activation of lexical and sublexical units that
boosted bilinguals’ likelihood of cognate spelling accuracy above
non-cognate spelling accuracy.

The finding of facilitative cross-linguistic activation in bilin-
guals’ spelling reported in the main interaction model (and a sep-
arate model excluding identical cognates) differs from Muscalu
and Smiley’s (2019) findings of sublexical cognate inhibition in
typewritten word translation, demonstrating that sublexical acti-
vation from orthographically identical and non-identical cognates
is not always inhibitory in cognate processing. The significant
two-way interactions of bilingual status by OS and bilingual status
by PS in the exploratory models also suggest that bilinguals’ like-
lihood of spelling is potentially positively associated with increas-
ing OS and PS, although neither OS nor PS significantly impacted
bilinguals’ spelling accuracy in the model. This positive trend and
lack of a significant inhibition effect in spelling orthographically
non-identical cognates is incongruent with Muylle et al.’s
(2022) finding of sublexical interference for processing cognates
with less cross-linguistic overlap. Relatedly, the significant inter-
action between PS and bilingual status showed that bilinguals
and monolinguals had a similar likelihood of correctly spelling
cognates with lower PS, indicating little to no cognate facilitation
in bilinguals’ spelling of more phonologically discrepant cognates.
Furthermore, the non-significant effect of PS on bilinguals’ spel-
ling accuracy suggests that cognate processing was not inhibited
by higher phonological discrepancy, differing from reports of
low PS inhibiting cognate processing in Comesaña et al. (2012)
and Schwartz et al. (2007). While our main interaction results cer-
tainly support the small facilitative effect of cross-linguistically
activated lexical and sublexical units in bilinguals’ cognate pro-
cessing compared to non-cognates, it is important to note that
non-significant differences between monolinguals and bilinguals
in OS and PS effects on spelling accuracy may be explained by
a limitation in the study’s cognate stimuli selection. We intention-
ally chose cognates for being identical or near-identical (i.e.,
restricted range of high OS) to answer the first primary research
question, but we did not intentionally choose cognates that
represent a wide range of PS between Spanish and English (i.e.,
restricted range of low PS), and values of OS and PS between
the 40 spelling words’ translation equivalents were only calculated
for post-hoc exploratory interaction models. In future investiga-
tions, authors should determine whether the findings reported
here generalize to other samples of words and participants
when cognate stimuli have been selected more systematically to
represent wider ranges of both OS and PS between translation
equivalents.

From the main interaction model, we acknowledge that the
differences between monolingual and bilingual non-cognate spel-
ling performance are likely responsible for group differences in
overall spelling accuracy, rather than our hypothesis that bilin-
guals’ significantly higher cognate spelling accuracy would drive
these differences. The finding of bilinguals’ significantly lower
likelihood of correctly spelling non-cognates compared to mono-
lingual peers can be interpreted in at least two different ways.
First, it is assumed that monolinguals encounter words in
English nearly twice as frequently as bilinguals, who divide
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their language usage between Spanish and English – see Gollan
et al.’s weaker-links hypothesis (Gollan, Montoya & Werner,
2002; Gollan, Montoya, Fennema-Notestine & Morris, 2005;
Gollan, Montoya, Cera & Sandoval, 2008). Therefore, bilinguals’
lower non-cognate spelling performance compared to monolin-
guals is consistent with findings of slower lexical retrieval (see
Cop, Keuleers, Drieghe & Duyck, 2015; Diependaele, Lemhöfer
& Brysbaert, 2013). Similarly, it is possible that following simul-
taneous activation of phonological representations in Spanish
and English for non-cognates, more distinct orthographic neigh-
bors from both the non-target language (Spanish) and target lan-
guage (English) were activated. Consequently, bilinguals could
have experienced inhibition in recalling the most precise ortho-
graphic representation that maps onto the word they heard,
while monolinguals’ probability of accurate non-cognate spelling
benefitted from a smaller pool of activated orthographic neigh-
bors. This explanation supports prior evidence of inhibition
effects from non-target language orthographic neighbors
(Meade, Midgley, Dijkstra & Holcomb, 2018; Van Heuven,
Dijkstra & Grainger, 1998). Another consideration stems from
evidence of non-target language frequency effects in bilingual
adults’ cognate processing during a lexical decision task
(Peeters, Dijkstra & Grainger, 2013). Using log frequency values
of the spelling words’ Spanish translations equivalents from
Alonso, Fernandez and Díez’s (2011) Spanish oral frequency
norms, a set of post-hoc item-level analyses revealed non-
significant effects of Spanish frequency as a single and competing
predictor of English target word spelling accuracy (see supple-
mental Table S2). Given the non-significant contributions, we
do not believe that lower frequency values of the non-cognates’
Spanish translation equivalents are responsible for bilinguals’
lower non-cognate spelling accuracy.

Our second hypothesis, that there were no significant effects of
prompting bilinguals to think of the target English words in
Spanish prior to spelling them, was supported in the bilingual
only prompting models. Because spelling is such an effortful
task (Bosman & Van Orden, 1997) that requires the most precise
information about individual letters and their order, it is possible
that after the automatic co-activation of cross-linguistic phono-
logical representations, bilinguals in both prompted and
unprompted groups began CONSCIOUSLY recruiting sublexical
units in Spanish to aid with English spelling in an untimed
task, regardless of whether they were prompted to consider the
structural similarities between Spanish and English orthographic
forms. Following the lexical quality hypothesis (Perfetti & Hart,
2002), actively reflecting on multiple phonological representations
of a given word (e.g., regularized English pronunciation, Spanish
pronunciation) can be helpful for recalling the orthographic units
that make up a word as precisely and accurately as possible, par-
ticularly in the case of a word for which a high-quality ortho-
graphic representation is absent. This conscious level of
processing also aligns with the contrastive analysis perspective’s
assumption that conscious cognate recognition facilitates recall
of L2 lexical representations and the BIA+ model’s distinction
of a task system that requires active attention from an automatic
identification system immediately following visual input (Dijkstra
& Rekké, 2010).

Importantly, the operationalized definition of “bilingual”
varies across experimental studies, as well as the implications
of different cut points and identification criteria. In this study,
bilingual students were self-identified and then “confirmed” as
bilingual by meeting a preset minimum score on the

Woodcock-Muñoz Language Survey III Spanish word-
identification task (Woodcock et al., 2017). The exploratory find-
ing of Spanish reading skill significantly predicting likelihood of
accurate English spelling suggests that, in general, having high-
quality lexical representations in Spanish is beneficial for recalling
and producing lexical representations in English. Alternatively,
given that the word-identification task is not timed, bilinguals
who reached the more difficult and unfamiliar items could have
relied on slower, more effortful decoding skills to read the
words correctly. Therefore, it can be argued that the Spanish
word reading measure may be capturing bilinguals’ knowledge
of Spanish orthography-phonology connections instead of their
general Spanish reading ability, supporting the role that sublexical
units of activated Spanish representations may have played in
facilitating cognate spelling among bilinguals. Together, the infor-
mation gained from the Spanish reading task and the demograph-
ics survey question about language dominance partly justifies our
decision to omit Spanish spelling assessment from the testing bat-
tery, which would have been an exceedingly difficult task for our
sample of primarily English-dominant heritage Spanish speakers
given their lack of formal instruction in Spanish reading and writ-
ing skills and low exposure to Spanish orthographic code (i.e.,
high likelihood of floor effects on Spanish spelling).
Additionally, bilinguals on average reported familiarity with
approximately one third of the spelling words’ Spanish translation
equivalents (see Table 2), suggesting that they had some existing
phonological representations in Spanish that could aid English
spelling. However, we acknowledge that in addition to familiarity
and reading skill, measuring Spanish spelling ability in a sample
of bilinguals who report exposure to formal Spanish literacy
instruction would be valuable for analyzing predictive effects of
their Spanish orthographic knowledge in English spelling.
Lastly, it is also worth noting that no test of lexical decision or
written proficiency in English or Spanish was administered.
Lexical decision measures like the online LEXTALE (Lemhöfer
& Broersma, 2012) could shed light on speed of language-specific
word processing, while measures of written skills like the
Woodcock-Muñoz Tests of Written Language Expression
(Muñoz-Sandoval, Woodcock, McGrew, Mather & Ardoino,
2009) can offer a more holistic understanding of reading- and
spelling-related skills in each language of proficiency.

Conclusion & future directions

This study explored item-specific, person-level, and word-level
variables in the context of adult spelling to demonstrate how
bilingual L1 experience with a shallow orthography (i.e.,
Spanish) may facilitate L2 complex word spelling in a deep
orthography (i.e., English) through the activations of cross-
linguistic sublexical information. Given the multiple gaps in
educational, linguistics, and psychological research literature
regarding factors that contribute to adult bilinguals’ spelling per-
formance on difficult, unfamiliar words, and more specifically,
cognates, this study demonstrated that bilingual adults do show
a higher probability of spelling cognate words correctly compared
to non-cognate words, a finding that only begins to address the
“fuzziness of the phonological system” (Dijkstra, Wahl,
Buytenhuijs, Van Halem, Al-Jibouri, De Korte & Rekké, 2019,
p. 709) among bilingual speakers with limited L1 literacy. While
results suggest cross-linguistic sublexical facilitation from
Spanish to the spelling of complex English words in bilingual par-
ticipants, the evidence does not support a significantly higher

Bilingualism: Language and Cognition 937

https://doi.org/10.1017/S1366728923000093 Published online by Cambridge University Press

https://doi.org/10.1017/S1366728923000093


probability of bilinguals correctly spelling cognates compared to
monolinguals. We look forward to asking more nuanced ques-
tions about other person-level features, such as age and context
of language acquisition, and adding measures of written and
oral fluency to create a more holistic definition of bilingual profi-
ciency in future investigations while continuing to use
item-response based crossed random-effects models for capturing
individual differences across heterogeneous profiles of language
proficiency (Van Hell & Tanner, 2012).

This study also supported the notion that adult bilinguals do
not rely on explicit prompting to draw on phonological and
orthographic representations from both Spanish and English, a
finding that supports the BIA+ model’s assumption that auditory
word recognition follows a similar flow of activation as visual
word recognition (Dijkstra & Van Heuven, 2002) in the context
of effortful word spelling. Ultimately, this study demonstrated
how bilingual university students with proficiency in both
Spanish and English could benefit from cross-linguistic
co-activation when tasked with spelling English cognate words
that are typically difficult to spell accurately. There is a cognate
facilitation effect within bilingual spelling performance that exists
under very specific conditions, and the findings reported here
encourage further investigation of the person-, task-, and
word-level factors that influence cognate processing in bilingual
individuals.

Supplementary Material. For supplementary material accompanying this
paper, visit https://doi.org/10.1017/S1366728923000093.

Acknowledgements. This research was partially supported by Grant
P20HD091013 from the National Institute of Child Health and Human
Development. Statements here do not reflect this agency’s position or policy,
nor should any official endorsement by them be inferred. The authors thank
James Elliot (lab manager) and the research assistants who were instrumental
in data collection/entry: Logan Bell, Zoe Farkas, Brooklyn Farrell, Aeon
Franco, Victoria Hall, Alexandra Himelhoch, Cristina Himelhoch, Alisa
Huang, Nikole Parrilla, Brandon Patron, Yohana Pino, Desiree Taylor, and
Jocelyn Weiner. Additional thanks to Nancy Marencin, Drs. Mike Kaschak,
María Carlo, and Lisa López for their input on this work.

References

Alonso MA, Fernandez A and Díez E (2011) Oral frequency norms for
67,979 Spanish words. Behavior Research Methods 43, 449–458.

Anthony JL, Solari EJ, Williams JM, Schoger KD, Zhang Z, Branum-Martin
L and Francis DJ (2009) Development of bilingual phonological awareness
in Spanish-speaking English language learners: The roles of vocabulary, let-
ter knowledge, and prior phonological awareness. Scientific Studies of
Reading 13, 535–564.

Arana SL, Oliveira HM, Fernandes AI, Soares AP and Comesaña M (2022)
The cognate facilitation effect depends on the presence of identical cog-
nates. Bilingualism: Language and Cognition, 1–19.

Balota DA, Yap MJ, Hutchison KA, Cortese MJ, Kessler B, Loftis B and
Treiman R (2007) The English lexicon project. Behavior Research
Methods 39, 445–459.

Bates D and Maechler M (2009) The lme4: linear mixed-effects models using
S4 classes. Retrieved from http://lme4.r-forge.r-project.org/

Berninger VW (1994) The varieties of orthographic knowledge I: Theoretical
and developmental issues. Dordrecht, the Netherlands: Kluwer Academic
Press.

Bosman AM and Van Orden GC (1997) Why spelling is more difficult than
reading. Learning to spell: Research, theory, and practice across languages 10,
173–194.

Broersma M, Carter D and Acheson DJ (2016) Cognate costs in bilingual
speech production: Evidence from language switching. Frontiers in psych-
ology 7, 1461.

Burt JS and Fury MB (2000) Spelling in adults: The role of reading skills and
experience. Reading and Writing 13, 1–30.

Carlisle JF and Stone CA (2005) Exploring the role of morphemes in word
reading. Reading Research Quarterly 40, 428–449.

Carrasco-Ortiz H, Amengual M and Gries ST (2021) Cross-language effects
of phonological and orthographic similarity in cognate word recognition:
the role of language dominance. Linguistic Approaches to Bilingualism 11,
389–417.

Colomé À and Miozzo M (2010) Which words are activated during bilingual
word production? Journal of Experimental Psychology: Learning, Memory,
and Cognition 36, 96.

Comesaña M, Bertin P, Oliveira H, Soares AP, Hernández J and Casalis S
(2018) The impact of cognateness of word bases and suffixes on
morpho-orthographic processing: A masked priming study with intermediate
and high proficiency Portuguese–English bilinguals. PlosOne 13: e0193480.

Comesaña M, Ferré P, Romero J, Guasch M, Soares AP and García-Chico T
(2015) Facilitative effect of cognate words vanishes when reducing the
orthographic overlap: The role of stimuli list composition. Journal of
Experimental Psychology: Learning, Memory, and Cognition 41, 614.

Comesaña M, Soares AP, Sánchez-Casas R and Lima C (2012) Lexical and
semantic representations in the acquisition of L2 cognate and non-cognate
words: Evidence from two learning methods in children. British Journal of
Psychology 103, 378–392.

Connor U (1996) Contrastive rhetoric: Cross-cultural aspects of
second-language writing. Cambridge: Cambridge University Press.

Cop U, Keuleers E, Drieghe D and Duyck W (2015) Frequency effects in
monolingual and bilingual natural reading. Psychonomic bulletin, & review
22, 1216–1234.

Costa A, Caramazza A and Sebastián-Gallés N (2000) The cognate facilita-
tion effect: Implications for models of lexical access. Journal of
Experimental Psychology: Learning, Memory, and Cognition 26, 1283–1296.

De Groot A (2011) Language and cognition in bilinguals and multilinguals: An
introduction. New York, NY: Psychology Press.

Diependaele K, Lemhöfer K and Brysbaert M (2013) The word frequency
effect in first-and second-language word recognition: A lexical entrench-
ment account. Quarterly Journal of Experimental Psychology 66, 843–863.

Dijkstra T, De Bruijn E, Schriefers H and Ten Brinke S (2000) More on
interlingual homograph recognition: Language intermixing versus explicit-
ness of instruction. Bilingualism: Language and Cognition 3, 69–78.

Dijkstra T, Grainger J and Van Heuven WJB (1999) Recognition of cognates
and interlingual homographs: The neglected role of phonology. Journal of
Memory and Language 41, 496–518.

Dijkstra T, Miwa K, Brummelhuis B, Sappelli M and Baayen H (2010) How
cross-language similarity and task demands affect cognate recognition.
Journal of Memory and Language 62, 284–301.

Dijkstra T and Rekké S (2010) Towards a localist-connectionist model of
word translation. The Mental Lexicon 5, 401–420.

Dijkstra T and Van Heuven WJ (2002) The architecture of the bilingual word
recognition system: From identification to decision. Bilingualism: Language
and cognition 5, 175–197. https://doi.org/10.1017/S1366728902003012

Dijkstra T, Wahl A, Buytenhuijs F, Van Halem N, Al-Jibouri Z, De Korte M
and Rekké S (2019) Multilink: a computational model for bilingual word
recognition and word translation. Bilingualism: Language and Cognition
22, 657–679.

Dimitropoulou M, Duñabeitia JA and Carreiras M (2011) Phonology by
itself: Masked phonological priming effects with and without orthographic
overlap. Journal of Cognitive Psychology 23, 185–203.

Edwards AA, Steacy LM, Siegelman N, Rigobon VM, Kearns DM, Rueckl
JG and Compton DL (2022) Unpacking the unique relationship between
set for variability and word reading development: Examining word-and
child-level predictors of performance. Journal of Educational Psychology
114, 1242.

Elbro C (1998) When reading is “readn” or somthn. Distinctness of phono-
logical representations of lexical items in normal and disabled readers.
Scandinavian journal of Psychology 39, 149–153.

Elbro C and Jensen MN (2005) Quality of phonological representations, ver-
bal learning, and phoneme awareness in dyslexic and normal readers.
Scandinavian Journal of Psychology 46, 375–384.

938 Valeria M. Rigobon et al.

https://doi.org/10.1017/S1366728923000093 Published online by Cambridge University Press

https://doi.org/10.1017/S1366728923000093
https://doi.org/10.1017/S1366728923000093
http://lme4.r-forge.r-project.org/
http://lme4.r-forge.r-project.org/
https://doi.org/10.1017/S1366728902003012
https://doi.org/10.1017/S1366728902003012
https://doi.org/10.1017/S1366728923000093


Elbro C, de Jong PF, Houter D and Nielsen A (2012) From spelling pronun-
ciation to lexical access: A second step in word decoding? Scientific Studies
of Reading 16, 341–359. doi:10.1080/10888438.2011.568556

Frost R, Katz L and Bentin S (1987) Strategies for visual word recognition
and orthographical depth: a multilingual comparison. Journal of
Experimental Psychology: Human Perception and Performance 13, 104.
https://doi.org/10.1037//0096-1523.13.1.104

Gibson EJ and Levin H (1975) The psychology of reading. Cambridge: MA:
The MIT press.

Gilbert JK, Compton DL and Kearns DM (2011) Word and person effects on
decoding accuracy: A new look at an old question. Journal of Educational
Psychology 103, 489. https://doi.org/10.1037%2Fa0023001

Gollan TH, Montoya RI, Cera C and Sandoval TC (2008) More use almost
always means a smaller frequency effect: Aging, bilingualism, and the
weaker links hypothesis. Journal of memory and language 58, 787–814.

Gollan TH, Montoya RI, Fennema-Notestine C and Morris SK (2005)
Bilingualism affects picture naming but not picture classification.
Memory, & cognition 33, 1220–1234.

Gollan TH, Montoya RI and Werner GA (2002) Semantic and letter fluency
in Spanish–English bilinguals. Neuropsychology 16, 562.

Goswami U (2000) Phonological and lexical processes. In Kamil ML,
Mosenthal PB, Pearson PD and Barr R (eds), Handbook of reading research.
Vol. 3. Lawrence Erlbaum Associates Publishers, pp. 251–267.

Guasch M, Ferré P and Haro J (2017) Pupil dilation is sensitive to the cognate
status of words: further evidence for non-selectivity in bilingual lexical
access. Bilingualism: Language and Cognition 20, 49–54.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N and Conde JG (2009)
Research electronic data capture (REDCap)—a metadata-driven method-
ology and workflow process for providing translational research informatics
support. Journal of biomedical informatics 42, 377–381. https://doi.org/10.
1016/j.jbi.2008.08.010

Hoshino N and Kroll JF (2008) Cognate effects in picture naming: Does
cross-language activation survive a change of script? Cognition 106, 501–511.

Kaushanskaya M and Marian V (2009) The bilingual advantage in novel
word learning. Psychonomic Bulletin, & Review 16, 705–710.

Kearns DM, Rogers HJ, Koriakin T and Al Ghanem R (2016) Semantic and
phonological ability to adjust recoding: A unique correlate of word reading
skill?. Scientific Studies of Reading 20, 455–470.

Kroll JF, Dietz F and Green DW (2000) Language switch costs in bilingual
picture naming and translation. Invited paper presented as part of a sym-
posium, Bilingual Lexical and Conceptual Processing (R. Sanchez-Casas,
organizer), International Congress of Psychology, Stockholm, Sweden.

Lam KJ and Dijkstra T (2010) Word repetition, masked orthographic prim-
ing, and language switching: bilingual studies and BIA+ simulations.
International Journal of Bilingual Education and Bilingualism 13,
487–503. https://doi.org/1080%2F13670050.2010.488283

Lemhöfer K and Broersma M (2012) Introducing LexTALE: A quick and
valid lexical test for advanced learners of English. Behavior research methods
44, 325–343.

Lijewska A (2020) Cognate processing effects in bilingual lexical access.
Bilingual Lexical Ambiguity Resolution; Cambridge University Press:
Cambridge, UK, 71–95.

Martin CD and Nozari N (2021) Language control in bilingual production:
Insights from error rate and error type in sentence production.
Bilingualism: Language and Cognition 24, 374–388.

Meade G, Midgley KJ, Dijkstra T and Holcomb PJ (2018) Cross-language
neighborhood effects in learners indicative of an integrated lexicon. Journal
of Cognitive Neuroscience 30, 70–85. https://doi.org/10.1162/jocn_a_01184

Muñoz-Sandoval AF, Woodcock RW, McGrew KS, Mather N and Ardoino
G (2009) Batería III Woodcock-Muñoz. Ciencias Psicológicas 3, 245–246.

Muscalu LM and Smiley PA (2019) The illusory benefit of cognates: Lexical
facilitation followed by sublexical interference in a word typing task.
Bilingualism: Language and Cognition 22, 848–865.

Muylle M, Van Assche E and Hartsuiker RJ (2022) Comparing the cognate
effect in spoken and written second language word production.
Bilingualism: Language and Cognition 25, 93–107.

Nagy W, Berninger VW and Abbott RD (2006) Contributions of morph-
ology beyond phonology to literacy outcomes of upper elementary

and middle-school students. Journal of Educational Psychology 98,
134–147.

Nash R (1997) NTC’s dictionary of Spanish cognates: Thematically organized.
Lincolnwood, IL: NTC.

Ocal T and Ehri L (2017) Spelling ability in college students predicted by
decoding, print exposure, and vocabulary. Journal of College Reading and
Learning 47, 58–74.

Odlin T (1989) Language transfer: Cross-linguistic influence in language learn-
ing. Cambridge: Cambridge University Press.

Peeters D, Dijkstra T and Grainger J (2013) The representation and process-
ing of identical cognates by late bilinguals: RT and ERP effects. Journal of
Memory and Language 68, 315–332.

Perfetti CA (1991) The psychology, pedagogy, and politics of reading.
Psychological Science 2, 70–83.

Perfetti CA (1992) The representation problem in reading acquisition. In
Gough PB, Ehri LC and Treiman R (eds), Reading acquisition. Hillsdale,
NJ: Erlbaum, pp. 145–174.

Perfetti CA (1997) The psycholinguistics of spelling and reading. In Perfetti
CA, Rieben L and Fayol M (eds), Learning to spell: Research, theory, and
practice across languages. Hillsdale, NJ: Erlbaum, pp. 21–38.

Perfetti CA and Hart L (2001) The lexical basis of comprehension skill. In
Gorfein DS (ed), On the consequences of meaning selection. Washington,
DC: American Psychological Association, pp. 67–86.

Perfetti CA and Hart L (2002) The lexical quality hypothesis. Precursors of
functional literacy 11, 67–86. https://doi.org/10.1075/swll.11.14per

Perry C, Ziegler JC and Zorzi M (2010) Beyond single syllables: Large-scale
modeling of reading aloud with the Connectionist Dual Process (CDP++)
model. Cognitive psychology 61, 106–151.

Poepsel TJ and Weiss DJ (2016) The influence of bilingualism on statistical
word learning. Cognition 152, 9–19.

R Development Core Team (2012) R: a language and environment for statis-
tical computing. R Foundation for Statistical Computing, Vienna, Austria.
ISBN 3-900051-07-0, URL http://www.R-project.org/.

Rigobon VM, Gutierrez N, Edwards AA, Marencin N, Borkenhagen MC,
Steacy LM and Compton DL (under review) Modeling Item-Level
Spelling Variance in Adults: Providing Further Insights into Lexical
Quality. [Manuscript submitted for publication]. https://osf.io/k3ywv/?
view_only=ada277c29cbf43d699b2831808cb4d64

Sadat J, Martin CD, Magnuson JS, Alario FX and Costa A (2016) Breaking
down the bilingual cost in speech production. Cognitive science 40, 1911–1940.

Schrank FA (2005) Woodcock-Johnson III tests of cognitive abilities. In
Flanagan DP and Harrison PL (eds), Contemporary Intellectual
Assessment: Theories, Tests, and Issues. Guilford, pp. 371–401.

Schwartz AI, Kroll JF and Diaz M (2007) Reading words in Spanish and
English: Mapping orthography to phonology in two languages. Language
and Cognitive processes 22, 106–129.

Ševa N, Monaghan P and Arciuli J (2009) Stressing what is important:
Orthographic cues and lexical stress assignment. Journal of Neurolinguistics
22, 237–249.

Seymour PH (1997) Foundations of orthographic development. In Perfetti
CA, Rieben L and Fayol M (eds), Learning to spell: Research, theory, and
practice across languages; learning to spell: Research, theory, and practice
across languages. Lawrence Erlbaum Associates Publishers, pp. 319–337.

Seymour PH, Aro M and Erskine JM (2003) Foundation literacy acquisition
in European orthographies. British Journal of Psychology 94, 143–174.
https://doi.org/10.1348/000712603321661859

Soares AP, Oliveira H, Ferreira M, Comesaña M, Macedo AF, Ferré P,
Acuña-Fariña C, Hernández-Cabrera J and Fraga I (2019)
Lexico-syntactic interactions during the processing of temporally ambigu-
ous L2 relative clauses: An eye-tracking study with intermediate and
advanced Portuguese–English bilinguals. PloS one 14, e0216779.

Steacy LM, Wade-Woolley L, Rueckl JG, Pugh KR, Elliott JD and Compton
DL (2019) The role of set for variability in irregular word reading: Word
and child predictors in typically developing readers and students at-risk
for reading disabilities. Scientific Studies of Reading 23, 523–532. https://
doi.org/10.1080/10888438.2019.1620749

Torgesen JK, Wagner R and Rashotte C (2012) Test of word reading efficiency
2. Austin, TX: Pro-Ed.

Bilingualism: Language and Cognition 939

https://doi.org/10.1017/S1366728923000093 Published online by Cambridge University Press

https://doi.org/10.1037//0096-1523.13.1.104
https://doi.org/10.1037//0096-1523.13.1.104
https://doi.org/10.1037//0096-1523.13.1.104
https://doi.org/10.1037%2Fa0023001
https://doi.org/10.1037%2Fa0023001
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/1080%2F13670050.2010.488283
https://doi.org/1080%2F13670050.2010.488283
https://doi.org/10.1162/jocn_a_01184
https://doi.org/10.1162/jocn_a_01184
https://doi.org/10.1075/swll.11.14per
https://doi.org/10.1075/swll.11.14per
http://www.R-project.org/
http://www.R-project.org/
https://osf.io/k3ywv/?view_only=ada277c29cbf43d699b2831808cb4d64
https://osf.io/k3ywv/?view_only=ada277c29cbf43d699b2831808cb4d64
https://osf.io/k3ywv/?view_only=ada277c29cbf43d699b2831808cb4d64
https://doi.org/10.1348/000712603321661859
https://doi.org/10.1348/000712603321661859
https://doi.org/10.1080/10888438.2019.1620749
https://doi.org/10.1080/10888438.2019.1620749
https://doi.org/10.1080/10888438.2019.1620749
https://doi.org/10.1017/S1366728923000093


Tunmer WE and Chapman JW (1998) Implicit and explicit processes in read-
ing acquisition. In Kirsner K, Speelman C, Maybery M, O’Brien-Malone A,
Anderson M and MacLeod C (eds), Implicit and explicit mental processes.
Mahwah, pp. 357–370.

Tunmer WE and Chapman JW (2012) The simple view of reading redux:
Vocabulary knowledge and the independent components hypothesis.
Journal of learning disabilities 45, 453–466. https://doi.org/10.1080/
10888438.2010.542527

Valente D, Ferré P, Soares A, Rato A and Comesaña M (2018) Does phono-
logical overlap of cognate words modulate cognate acquisition and process-
ing in developing and skilled readers? Language Acquisition 25, 438–453.

Van Hell JG (2002) Bilingual word recognition beyond orthography: On mean-
ing, linguistic context and individual differences. Bilingualism Language and
Cognition 5, 209–212. https://doi.org/10.1017/S1366728902243011

Van Hell JG and Tanner D (2012) Second language proficiency and cross-
language lexical activation. Language Learning 62, 148–171. https://doi.
org/10.1111/j.1467-9922.2012.00710.x

Van Heuven WJ, Dijkstra T and Grainger J (1998) Orthographic neighbor-
hood effects in bilingual word recognition. Journal of memory and language
39, 458–483.

Vanlangendonck F, Peeters D, Rueschemeyer SA and Dijkstra T (2020)
Mixing the stimulus list in bilingual lexical decision turns cognate facilita-
tion effects into mirrored inhibition effects. Bilingualism: Language and
Cognition, 1–9. https://doi.org/10.1017/S1366728919000531

Venezky RL (1999) The American way of spelling: The structure and origins of
American English orthography. Guilford Press.

Verhoeven L (2017) Learning to read in a second language. In Cain K,
Compton D and Parrila RK (eds), Theories of reading development. John
Benjamins, pp. 215–234.

Woodcock RW, Alvarado CG, Ruef ML and Schrank FA (2017) Woodcock-
Muñoz Language Survey III. Itasca, IL: Houghton Mifflin Harcourt.

Ziegler JC and Goswami U (2005) Reading acquisition, developmental dys-
lexia, and skilled reading across languages: a psycholinguistic grain size the-
ory. Psychological bulletin 131, 3. https://doi.org/10.1037/0033-2909.131.1.3

940 Valeria M. Rigobon et al.

https://doi.org/10.1017/S1366728923000093 Published online by Cambridge University Press

https://doi.org/10.1080/10888438.2010.542527
https://doi.org/10.1080/10888438.2010.542527
https://doi.org/10.1080/10888438.2010.542527
https://doi.org/10.1017/S1366728902243011
https://doi.org/10.1017/S1366728902243011
https://doi.org/10.1111/j.1467-9922.2012.00710.x
https://doi.org/10.1111/j.1467-9922.2012.00710.x
https://doi.org/10.1111/j.1467-9922.2012.00710.x
https://doi.org/10.1017/S1366728919000531
https://doi.org/10.1017/S1366728919000531
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1017/S1366728923000093


Appendix

MATERIALS

Dependent Spelling Words (N = 40) Cross-Linguistic Similarity*

Cognates
(n = 22)

English Phonetic Transcription Spanish Phonetic Transcription Orthographic Phonological

ambidextrous ˌæ͂mbəˈdεkstɹəs ambidextro ambi’ðekst̺ɾo 0.83 0.43

commendable kəˈmendəbl̩ recomendable rekomenˈdable 0.75 0.46

dimensional dəˈmεnːʃənəl̩ dimensional ðimensio’naːl 1.00 0.27

dogmatic dɑɡˈmæɾɪk dogmático ðɔg’mat̺iko 0.89 0.22

enigmatic ˌεnɪɡˈmæɾɪk enigmático eniɣ’mat̺iko 0.90 0.40

facilitate fəˈsɪləte͡ ɪt facilitar faːsili’t̺aɾ 0.80 0.27

grandiose ˈɡɹæ͂ndio͡ ʊːs grandioso gɾan’d̺ijoso 0.89 0.31

inseparable ɪnˈsεpɚəbəl̩ inseparable iːnsepaˈɾaβle 1.00 0.33

irrefutable ˌɪ͡ ɚəˈfjuːtəbəl̩ irrefutable irefu’taːβle 1.00 0.29

macabre məˈkɑːb macabro ma͂’kaβɾo 0.86 0.29

malign məˈla͡ ɪn maligno ma’liɣno 0.86 0.29

manifestation mænɪfεˈsteɪʃən manifestación manifest̺aˈsijoːn 0.92 0.23

nausea ˈnɔːsʒə náusea ’na͡ ʊsea 1.00 0.14

neutralize ˈnuːtɹəla͡ ɪz neutralizar neutɾali’saɾ 0.82 0.25

ostracism ˈɑstɹəsɪːzəm ostracismo ostɾa’sismo 0.90 0.33

panacea ˌpæ͂nəˈsɪə panacea pana’seːa 1.00 0.25

primordial pɹɪˈmɔ͡ ɚdiəl primordial pɾimoɾ’ðijaːl 1.00 0.25

promulgate ˈpɹɒməlɡe͡ ɪt promulgar pɾomul’ɣaɾ 0.80 0.33

reprisals ɹɪˈpɹa͡ ɪzəlz represalias repɾe’salijas 0.73 0.15

sterilization ˌstε͡ rɹələˈze͡ ɪʃɪn esterilización est̺eɾilisaˈsijoːn 0.84 0.19

superficial ˌsuːpɚˈfɪʃəl superficial supeɾfi’sijaːl 1.00 0.31

tumultuous təˈmʌltʃʊəs tumulto tu’mulːto 0.70 0.33

Non-Cognates
(n = 18)

admittedly ædˈmɪɾɪdli ciertamente ˌsjieɾt̺a’ment̺e 0.18 0.08

behemoth bəˈhiːmɪθ gigante xiː’gant̺e 0.12 0.00

blithely ˈblaɪðli alegremente aˌlegɾe’ment̺e 0.18 0.09

chartreuse ʃɑ͡ ɚˈt̙ɹuːs cartujo kaɾ’tuxo 0.50 0.20

discouraging dɪsˈkɝədʒɪŋ desalentador ðeːsalent̺a’ðoːɾ 0.17 0.07

ensconced εnˈskɑnst acomodado akomo’ðaðo 0.11 0.00

equivocal əˈkwɪvəkl̩ ambiguo am’biːɣwo 0.11 0.00

forgiveness fɚˈɡɪvnɪs perdón peɾ’ðoːn 0.18 0.00

hierarchical ˌhɑ͡ ɪɚˈɑ͡ ɚkəkl̩ jerárquico xeˈɾaɾkiko 0.50 0.15

landowners ˈlæ͂ndo͡ ʊnɚz terratenientes terat̺e’njieːnt̺es 0.21 0.13

marauders məˈɹɔːdɚz sakeadores sakea’ðoɾes 0.36 0.00

nostrils ˈnɑstɹɪlz fosas fosas 0.37 0.11

overwhelmed ˌovɚwεːlmd abrumada aβɾu’maːðo 0.18 0.00

plunge plʌndʒ inmersión immeɾ’sijoːn 0.00 0.00

rambunctious ɹæ͂mˈbʌŋkʃəs bullicioso buʝi’sijoːso 0.25 0.00

reimbursement ˌɹiɪmˈbɝsmɪnt reembolso reem’boːlso 0.38 0.17

remembrance ɹəˈmembɹɪnts recuerdo re’kweɾðo 0.27 0.08

umbrage ˈʌmbɹɪdʒ ofensa o’fensa̙ 0.00 0.00

Note. All participants were presented with an audio recording of the target English spelling words in randomized order for the English familiarity and target spelling tasks, as well as in their
decoded (i.e., regularized) forms for the set for variability task. All participants were also presented with an audio recording list of the original Spanish cognate words in randomized order for
the Spanish familiarity task.
*Values for both orthographic and phonological similarity were reverse coded from Normalized Damerau-Levenshtein Distance (NDLD) to represent similarity values with higher values
indicating higher similarity rather than distance. NDLD values were calculated based on the minimum number of operations required to transform the Spanish character string into the
English character string. Accented letters in Spanish were not treated as different characters in calculating the orthographic NDLD values, and a transposition (i.e., two letters appearing
consecutively but in different letter positions between translation equivalents) is calculated as only one operation rather than two (unlike Normalized Levenshtein Distance [NLD] values that
consider a transposition to be two operations and result in slightly larger distance values, such as those provided by Guasch et al.’s 2013 NIM software). Phonological NDLD values were
calculated by first converting IPA transcriptions to SAMPA, including recoding of consonant phonemes that were originally represented with 2 characters to only be represented by 1 character
in the SAMPA transcription.
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