Studies in Second Language Acquisition (2026), 1-26
doi:10.1017/50272263125101514

RESEARCH ARTICLE 0 o

Written input and the encoding of L2 phonological
contrasts: L1 Arabic learners of L2 English

Louise Hannah Shepperd' (2, Sam Hellmuth® @ and Leah Roberts’

!Centre for Language Studies, Radboud Universiteit, Nijmegen, Netherlands; *Department of Language and
Linguistic Science, University of York, York, United Kingdom and *Department of Education, University of
York, York, United Kingdom

Corresponding author: Louise Hannah Shepperd; Email: louise.shepperd@ru.nl

(Received 24 March 2025; Revised 21 November 2025; Accepted 03 December 2025)

Abstract

Many adults learn languages with written forms that differ from their first language(s).
Empirical research has demonstrated the influential role of written input on developing L2
phonology. However, existing studies are limited by (1) focusing on learning languages that
share the same orthographic script, predominantly the Latin alphabet, (2) small sample sizes,
and (3) limited consideration of L2 proficiency. This study investigated the influence of
Arabic and English written input when lexically encoding the difficult /f-v/ phonological
contrast for L1 Arabic-speaking learners of L2 English. A word learning study was completed
by 114 L1 Arabic speakers, with varying English proficiency, and 117 L1 English-speaking
controls. Mixed-effects modeling of L1 Arabic accuracy revealed an inhibitory effect of any
written input when learning words differing by the difficult contrast. Performance improved
with increasing L2 proficiency; however, the inhibitory effect of written input for words
differing by /f-v/ persisted into high levels of L2 proficiency.
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Introduction

Evidence of how written input influences developing L2 phonology has demonstrated
that orthographic effects are varied, pervasive across different facets of phonology, and
persistent into high levels of proficiency (see Bassetti, 2023; Hayes-Harb & Barrios,
2021 for reviews). Orthographic effects are found in relation to speech perception,
processing, and production, with examples of facilitative, null, and inhibitory effects,
depending on a range of mediating factors. Studies have predominantly focused on
learning across languages which share the same script, usually the Latin alphabet, and
where either the known or target language is English. A focus on English can be justified
by the global status of the language, in terms of the quantity and dispersion of those
learning English around the world, but less so for the Latin script, considering the large
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proportion of people learning languages that do not share writing systems or graphic
representations (Shepperd, 2024). The current study heeds calls for larger and more
diverse samples in language acquisition research (Andringa & Godfroid, 2020; Plonsky,
2023; Shepperd, 2022) and specifically aims to improve insights into cross-scriptal
orthographic influence on lexical encoding of L2 phonological contrasts.

Written forms may support the encoding and production of difficult L2 contrasts
(Erdener & Burnham, 2005; Escudero et al., 2008; Nimz & Khattab, 2020; Rafat, 2015;
Showalter & Hayes-Harb, 2013). However, inhibitory and null orthographic effects are
frequently evidenced in contexts where: (1) phonology is not systematically represented
by the L2 writing system (Bassetti & Atkinson, 2015; Hayes-Harb & Barrios, 2021);
(2) there is incongruence between grapheme-phoneme correspondences in shared L1
and L2 orthographic scripts (Bassetti et al., 2018; Cerni et al., 2019; Escudero et al., 2014;
Rafat, 2016); (3) the script is unfamiliar to learners (Hayes-Harb & Hacking, 2015;
Mathieu, 2016; Showalter & Hayes-Harb, 2015); and (4) a phonological contrast is
difficult to perceive (Escudero, 2015; Nimz & Khattab, 2020; Rafat & Stevenson, 2018;
Showalter & Hayes-Harb, 2015). Negative orthographic effects often manifest in the
form of sound additions, deletions, and substitutions, depending on the orthographic
knowledge of the L2 learner and how written representations function in the L2
(Bassetti, 2023). Orthographic effects are also moderated by L2 proficiency, where
reliance on L1 knowledge and processes reduces with increasing L2 proficiency
(Silveira, 2012; Veivo et al., 2018; Veivo & Jarvikivi, 2013). Notably, research on
unfamiliarity often reports a lack of orthographic influence, rather than negative effects.
It also seems that shared script incongruence poses more challenges for L2 phonological
development than navigating an unfamiliar script (Hayes-Harb & Cheng, 2016;
Showalter, 2018; Showalter & Hayes-Harb, 2015). However, more research is needed
to make sense of varied findings and how orthographic input relates to perceptibility
of the target contrast, L2 proficiency, and literacy experience in a distinct written
language.

The present study contributes to this research by investigating the lexical encoding
of difficult phonological contrasts by L1 Arabic-speaking adult learners of L2 English,
using internet-based methods to include a wide sample of international participants,
with varying proficiency in L2 English. To contextualize the predictions and findings of
this study, references to written input in models of L2 speech learning are initially
outlined. Research investigating orthographic influence on encoding confusable con-
trasts during novel word learning is then presented, followed by studies exploring cross-
scriptal orthographic effects on encoding L2 contrasts.

Models of L2 phonology and orthographic influence

Dominant models of speech learning broadly agree that L2 learners encounter the most
difficulty perceiving and producing an L2 sound when it is insufficiently dissimilar to
an existing L1 category, and a false equivalence is established (see SLM and SLM-r,
Flege, 1995; Flege & Bohn, 2020; PAM and PAM-L2, Best, 1995; Best et al., 2007; Tyler,
2019; and L2LP, Escudero & Boersma, 2004; Van Leussen & Escudero, 2015). Minimal
reference is made to the influence of written input on L2 phonology in these models.
Focusing on the earliest stages of L2 learning, Tyler (2019) speculatively discusses the
predictions of PAM in relation to instructed environments, with specific reference to
written input. He observes that written input can be highly effective in supporting the
rapid expansion of L2 vocabulary, with the potential unintended effect of reducing
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opportunities for perceptual learning. A substantial number of words may also be
learned from written input alone. Here, the application of L1 phonology is particularly
likely if both languages share the same orthographic script. Therefore, early exposure to
written input reduces time for sensitization to phonetic differences in speech before
establishing a larger vocabulary, exacerbating difficulty discriminating confusable L2
contrasts. It is also observed that written input could support encoding of L2 phonology
if the written form unambiguously reflects the phonological contrast. However, this is
not the case when the written form does not clearly signal phonological distinctions.
There is then little to no speculation around the influence of written input when
languages do not share the same script. Arguably, L2LP has also been discussed in
reference to orthographic influences on speech perception (Escudero, 2015; Escudero
et al,, 2014). However, it remains unclear precisely how to model orthographic effects
on developing L2 phonology (Yazawa et al., 2023).

Another perspective is offered by lexical representation theories, with some using
the term “fuzziness” to capture the lack of precision in phonological form and meaning
for L2 speakers (Cook et al., 2016; Darcy et al., 2013; Gor et al., 2021). While the fuzzy
lexical representation hypothesis has been primarily applied to the learning of spoken
L2 words, theoretical developments, such as the Ontogenesis Model of L2 Lexical
Representation (Bordag et al., 2022), offer insight into the interface between phonology
and orthography in the L2 mental lexicon. This model highlights the co-activation of
representations, simultaneous emergence of representations, and how the strength of
mappings between the two domains can be advantageous or disadvantageous. It
acknowledges that low-quality encoding of word forms, due to either imprecise
phonological or orthographic representations, may result in confusion between similar
words. Phonological categorization problems are assumed to underpin phonological
encoding difficulties, whereas orthographic depth (Katz & Frost, 1992) and the poten-
tial need to develop literacy in a distinct L2 script are relevant and potentially inhibiting
factors for orthographic encoding. Although promising, further work is needed to
develop testable predictions and increase the explanatory power of this model
(Escudero & Hayes-Harb, 2022).

Orthographic influence on confusable contrasts in novel words

Empirical studies offer evidence of varying facilitative and inhibitory orthographic
effects on lexical encoding of confusable contrasts. In particular, studies by Escudero
and colleagues have demonstrated that orthography can help, but not always. Facili-
tative effects were demonstrated by Escudero, Hayes-Harb, and Mitterer (2008), who
taught 50 Dutch-English bilinguals pseudowords differing by English vowels /e/ and /
@/, which are confusable for L1 Dutch speakers. Pseudowords were presented with a
line drawing, in audio-only or audio+spelling conditions. Results from a visual world
eye-tracking task revealed that written input supported encoding of the confusable
contrast, where spelled forms triggered asymmetric lexical activation. In contrast,
those in audio-only condition exhibited symmetrical confusion, thus lacking a lexical
contrast.

Escudero, Simon, and Mulak (2014) later highlighted the negative effects of incon-
gruence between orthographic systems for L1 Spanish participants learning Dutch
pseudowords. Participants (43 Dutch-learning and 30 naive listeners) were divided into
audio-only or audio+ortho groups, then taught 12 Dutch pseudowords. Target words
differed by perceptually easy and difficult vowel contrasts, accompanied by congruent
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or incongruent written forms. Spanish and Dutch share the same writing system
(alphabetic), and orthographic script (Latin alphabet), but shared graphemes do not
always map to the same phonemes, introducing incongruence between L1 and L2
grapheme-phoneme correspondences. An audio-visual matching task revealed that
Dutch proficiency significantly predicted accuracy and audio+ortho participants were
more accurate with congruent written input. Importantly, experienced learners out-
performed naive listeners with congruent, but not incongruent, input. Furthermore,
participants in the audio+ortho condition outperformed the audio-only groups with
congruent input but exhibited lower accuracy with incongruent written forms.

Using the same method and materials, Escudero (2015) taught Dutch pseudowords
to 73 L1 Spanish and 78 L1 Australian English speakers. The English speakers had no
experience with Dutch, while the Spanish participants were the same as those in
Escudero et al. (2014) and varied in their Dutch proficiency. Results showed that
experience with Dutch predicted higher accuracy when learning new words that differ
by confusable sounds. There was no orthographic effect on non-minimal pairs or
perceptually easy vowel contrasts, and no effect of language background. Instead,
written input improved accuracy for the two relatively easier contrasts among the
perceptually difficult pairs. Escudero interpreted this as evidence that “orthography
acted as a redundant or extra cue to enhance differences that could already be
perceived” (2015, p. 18). This aligns with assertions by Cutler (2015) that lexically
encoded distinctions which cannot be reliably perceived in the input can generate more
hindrance than help, such as increased lexical competition and processing delay. Thus,
lexical encoding based on segmental distinctions visualized in orthography is only
useful if a contrast can be perceptually discriminated.

Related studies have shown that written input can have a salience-enhancing effect
for L2 production of difficult contrasts, as well as benefits for retention and retrieval
(Biirki et al.,, 2019; Cerni et al, 2019; Rafat, 2016). Specifically, pseudowords were
produced faster and with fewer errors, as well as more words being learned than based
on audio-only input. However, the same studies also report non-target productions
arising from incongruence between L1 and L2 grapheme-phoneme correspondences.
Thus, both positive and negative orthographic effects can be found in combination,
often varying in relation to the mapping congruence between shared scripts. This
prompts the question of how orthographic effects vary across distinct scripts, where
there are fewer congruence issues but added complications of script familiarity. Key
studies on cross-scriptal effects are highlighted in the next section.

Cross-scriptal orthographic effects when encoding confusable contrasts

Recently, increased attention has turned to orthographic influence on L2 phonology
across a range of different orthographic scripts and writing systems. Orthographic
scripts refer to the specific graphic representation of a language, whereas writing
systems broadly represent individual phonemes (alphabets), syllables (syllabaries), or
morphemes (logographs) with a single graphic unit (Ziegler & Goswami, 2005). Other
writing systems include those that predominantly represent consonants (abjads), found
in Arabic and Persian languages, or represent consonants and vowels together (abugidas),
which are common in South and Southeast Asian languages. Studies investigating cross-
scriptal orthographic influence on L2 phonology initially focused on the influence of
entirely unfamiliar written input on lexical encoding of confusable contrasts in early
exposure word learning experiments with L1 English speakers (Hayes-Harb & Cheng,
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2016; Mathieu, 2016; Showalter & Hayes-Harb, 2015). Attention is currently turning to
cross-scriptal influence at different levels of L2 proficiency and with a wider range of
language combinations (Han & Kim, 2017, 2022; Hao & Yang, 2021; Mok et al., 2018).

Experiments investigating the influence of entirely unfamiliar written input on the
lexical encoding of L2 contrasts have resulted in varied findings. Showalter and Hayes-
Harb (2015) conducted four experiments investigating whether naive English-speaking
participants benefit from Arabic written input when learning 6 minimal pairs of Arabic
pseudowords, differing by the velar-uvular contrast /k-q/ (e.g., [kubu]-[qubu]). Partic-
ipants were assigned to different input groups, namely: (1) Arabic script vs. audio-only
with two speakers (n = 30), (2) Arabic script with explicit instruction (n = 8), (3) Latin
script (n = 8), (4) Arabic script vs. audio-only with one speaker (n = 30). Across all
experiments, there was no significant difference between the audio-only and Arabic script
groups. These findings may reflect the low perceptual salience of the contrast for L1
English speakers, or the small samples. However, and in contrast to predictions, the Latin
script group were significantly less accurate than the unfamiliar and audio-only condi-
tions, suggesting orthography-induced transfer, due to <k> and <q> both mapping onto /
k/ in English (e.g., “king” and “queen”).

Using a similar research design, Mathieu (2016) investigated the influence of
different degrees of script familiarity on the lexical encoding of the Arabic uvular-
pharyngeal / - h/ contrast by naive L1 English speakers. Participants were assigned to
one of four script input conditions (# = 21 per group): audio-only, Arabic script, Cyrillic
script, or a hybrid script blending the Cyrillic and Latin alphabets (e.g., [yal]—<d&>,
<xam>, <xal>). Results revealed an inhibitory effect of entirely unfamiliar (Arabic
script) and partially unfamiliar (Cyrillic script) input, in comparison to other input
conditions. As with Showalter and Hayes-Harb (2015), it is difficult to know the extent
to which participant performance related to the perceptual difficulty of the L2 contrast.
Offering some insight into this question, Hayes-Harb and Cheng (2016) investigated
the influence of entirely unfamiliar written input on words that differed by both native
and nonnative contrasts. They taught 30 naive L1 English speakers 16 Mandarin
pseudowords with either familiar Pinyin or unfamiliar Zhuyin written input. Roma-
nised Pinyin written forms then differed by incongruence, where half were congruent
and half were incongruent with L1 grapheme-phoneme correspondences (GPCs) (e.g.,
[nai]-<nai> or [g¢iou]-<xiu>). Both the Pinyin group and the Zhuyin group performed
with ceiling levels of accuracy in the congruent trials of an audio-written form matching
task and an audio-picture matching task. However, the Zhuyin group outperformed the
Pinyin group when the written form was incongruent with L1 GPCs, demonstrating
that, if there is an inhibitory influence of entirely unfamiliar written input, it poses less
of a problem than shared and incongruent orthographic forms.

Other studies have demonstrated that the influence of different script input is likely
to change at different points in a learner’s development. Hao and Yang (2021) found
that encoding of segmental and tonal contrasts in Mandarin was facilitated by
L1-distinct Chinese characters for advanced L1 English learners, whereas naive L1
English participants were more accurate with L1-shared Pinyin input. Mok et al. (2018)
also found that distinct script input can support the perception and production of
nonnative tonal contrasts, in the context of L1 Cantonese learners of L2 Mandarin.
However, their findings add to evidence that distinct script input is of limited benefit
when the target language is difficult to perceive, and highlight the need to consider task
complexity, proficiency, and script literacy in future research. Beyond the studies
outlined here, there is limited research investigating cross-scriptal orthographic effects
on the lexical encoding of confusable contrasts, with clear scope for further enquiry.
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The present study

This study aims to (1) investigate the influence of cross-scriptal orthographic input on
participants’ ability to lexically encode the distinction between pseudowords which
differ by a confusable contrast and (2) explore the role of proficiency as a moderating
variable. The research question being addressed is:

Does exposure to shared and distinct script input differentially influence the lexical
encoding of L2 phonological contrasts during novel word learning?

a. Is this influence moderated by the difficulty of the target contrast?
b. Is this influence moderated by L2 proficiency?

Adult L1 Arabic-speaking learners of L2 English were tested on their ability to lexically
encode two phonological contrasts, /f-v/ and /m-n/, which were chosen for their phono-
logical and orthographic mappings between English and Arabic. As both Arabic and
English contain the /m-n/ nasal contrast, words differing by these sounds were expected to
pose little difficulty for participants. This contrast is also represented consistently by two
distinct letters in both orthographic scripts (<m-n> and <a-(>). Therefore, L1 Arabic
speakers were predicted to perform with high accuracy across all script input conditions
when encoding words with this contrast. Meanwhile, the English /f-v/ labiodental voicing
contrast is more challenging, as voiced /v/ is not typically found in varieties of Arabic and is
expected to assimilate to voiceless /f/.! It was therefore predicted that a consistent
representation of /f/ and /v/ as <> and <v> in English written input could support the
lexical encoding of this contrast, especially as there are no issues of incongruence across the
visually distinct L1 and L2 written representations. Arabic written input was then predicted
to exacerbate the difficulty of encoding the contrast, as both /f/ and /v/ are typically
transcribed by the same letter <—&> in Arabic, which would promote the perceived
homophony between words based on L1 phonological categories. Finally, it was predicted
that performance would improve with higher L2 English proficiency, as learners are likely
to have more experience with the nonnative contrast and the L1-distinct script, facilitating
improved processing of both auditory and orthographic input.

Following studies by Hayes-Harb and colleagues (Hayes-Harb et al., 2010; Mathieu,
2016; Showalter & Hayes-Harb, 2015), in order to assess the influence of differing script
input, participants were exposed to Arabic spelling, English spelling, or no written
input when learning novel words and their pictured meanings. Alongside the L1 Arabic
speakers, a group of L1 English speakers, with little to no experience in Arabic,
participated in the study, functioning as a control for reliability and validity of the test
instruments. It was expected that L1 English speakers would perform well with both
contrasts when learned with audio only and with English written forms. However, the
L1-distinct and unfamiliar Arabic written forms were predicted to have a null or
inhibitory effect on word learning.

Ethical considerations

Ethical approval was granted by the Department of Education at the University of York.
All participants gave informed consent to take part in the study and received debriefing

"No Arabic varieties, including those spoken by the subsequent participants in our study, have a f-v
phonemic contrast in the core “native” lexicon (that is, excluding loanwords). Exploratory analyses by variety
were non-significant.
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information upon study completion. Pronunciation videos, aimed at L1 Arabic learners
of English and created by the lead researcher, were shared with participants after
completing the study as an incentive for participation.

Methods
Participants

The final sample included 114 L1 Arabic-speaking learners of L2 English
(86 females, age M = 31.19, SD = 7.7), with a range of English proficiency levels,
alongside 117 L1 English speakers (76 females, M age = 35.21, SD = 12.35), with
limited experience of learning Arabic (see Table 1). Participants were recruited
through personal networks and social media posts, resulting in 180 L1 Arabic
participants and 145 L1 English participants beginning the experimental session.
Dropout during the session was moderate (L1 Arabic n = 50, L1 English n = 12). A
further 11% data loss across groups resulted from exclusions made on the basis of

Table 1. Participant background information

L1 Arabic L1 English
n Mean SD n Mean SD

Age' 114 31.19 7.697 118 35.21 12.353
Gender

female 86 75.4% 76 64.4%

male 28 24.6% 38 32.2%

not listed 0 0% 4 3.4%
Education’

secondary 12 10.5% 12 10.2%

professional qualification 2 1.8% 15 12.7%

bachelors 36 31.6% 38 32.2%

masters 43 37.7% 41 34.7%

doctorate 21 18.4% 12 10.2%
Self-reported L2 level®

missing 1 0.8%

none 1 0.9% 113 95.8%

beginner 12 10.5% 3 2.5%

intermediate 36 31.6% 1 0.8%

advanced 52 45.6%

near native 13 11.4%
Proficiency test score” 114 9.649 2.149
Audio setup

earphones 38 33.3% 32 27.1%

headphones 12 10.5% 25 21.2%

device speakers 64 56.1% 61 51.7%
Device type

computer 49 43% 82 69.5%

mobile 61 53.5% 35 29.7%

tablet 4 3.5% 1 0.8%
% distraction 114 23.5% 27.5% 118 16.5% 23.1%

*age in years.

2completed qualifications.

3level of ability in L2 English for the L1 Arabic group or L2 Arabic for the L1 English group.
“scale of 0-12.
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incomplete consent forms, age,” disproportionate distraction,® and lack of same-
day completion.*

Most L1 Arabic participants were from Saudi Arabia (55%), followed by Algeria
(12%), Egypt (8%), and Iraq (8%). Most L1 English participants were from the UK and
spoke British varieties of English (76%). A range of proficiency-related variables was
measured for level of L2 English and L2 Arabic, for both groups. Table 1 reports two key
variables of self-reported level and score on a short English test for the L1 Arabic group.
Based on the included measures, all L1 Arabic participants were literate in the Latin
alphabet.

Material

The stimuli consisted of 12 bisyllabic CVCVC pseudo-English words, which were
matched with images from the NOUN database (Horst & Hout, 2016). Half differed by
/f-v/ and the other half differed by /m-n/. One pair of each phonological contrast was
presented in each orthographic input (OI) condition (see Figure 1). The OI conditions
included the presentation of the auditory form and image with (1) English OI,
(2) Arabic O], or (3) no OL Pseudowords were chosen over real words to manage L1
association, L2 vocabulary differences, and ambient exposure outside of the experiment
(see supplementary materials for more information). The number of items was chosen
in line with previous single-session experiments using pseudowords (Cerni et al., 2019;
Escudero et al., 2008; Hayes-Harb et al., 2010, 2018; Mathieu, 2016; Showalter & Hayes-
Harb, 2015). All audio stimuli were recorded by a female phonetician and native

/famas/ [vamas/ /masat/ /nasat/
U i3
English OI Y T@) ;& ==
famis vamis masit nE;IS_it

[fadat/ /vadat/ /madas/ /nadas/

Arabic Ol ‘ f‘?‘i . E
caald Caald T ol

[famal/ Jvamal/ /makam/ /nakam/

. . S

Figure 1. Stimuli overview with /auditory form/, image, and orthographic input.

2Only participants between 16 and 65 were included.

*Those who reported the amount of distraction (0-100%) greater than the mean + SD * 2.5 were excluded.

*Participants were excluded if they completed the teaching and testing phase on different days, so there
was no sleep cycle between teaching and testing of target items.
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speaker of British English, using a Marantz PMD661MKII handheld recorder and
analyzed using PRAAT.

Procedure

The study was built and run using Gorilla Experiment Builder (Anwyl-Irvine et al,,
2020). All participants completed an audio check, background questionnaire, word-
learning phase, audio-visual matching task, distraction check, and a posttest question-
naire (Figure 2). L1 Arabic participants also completed a short English proficiency test.
The session lasted ~35 minutes for the L1 Arabic group and slightly less for the L1
English group, as there was no English test. All instructions were provided in the
participants’ L1, with all written content “read aloud” for both clarity and accessibility.
Arabic audio instructions were recorded by a Saudi female L1 Arabic-speaker, in
Modern Standard Arabic, while the English instructions were recorded in Standard
Southern British English. The analysis reported below focuses on word learning and
matching phases, with reference to the English proficiency test and distraction check, so
only those parts of the test battery are further outlined.

English proficiency check

The L1 Arabic participants completed a short English proficiency test, adapted from the
Oxford Placement Test, to provide a more objective measure of English proficiency
alongside a range of self-reported measures in the background questionnaire. Self-
reported measures included English language qualifications, length of English study,
age of acquisition, length of stay in an anglophone country, and estimated regular
exposure to spoken and written English. The first eight questions of the proficiency test
were multiple-choice gap-fill sentences, testing grammar and vocabulary, presented in
order of progressive difficulty. Then, two basic open questions, one spoken and one
written, required participants to type their answers in English. The gap-fill answers
received one point per correct answer, while the open-response questions were given
one point for comprehension of the question and another point for the production of a
well-formed answer. Correlations were explored between all proficiency measures and
accuracy in the matching task, leading to the use of the English proficiency test score
when modeling the data.

Word-learning phase
Although the design of word learning and matching tasks is inspired by earlier work
(Escudero et al., 2008; Hayes-Harb et al., 2010; Mathieu, 2016; Showalter & Hayes-Harb,

Background . English Word learning
questionnaire i proficiency test phase

Audio check Ea==

Audio-visual Distraction Posttest
matching task check questionnaire

Figure 2. Experimental flow for the L1 Arabic participants.
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2015), the present study differs in that testing with feedback was integrated throughout
the learning phase, and there was no criterion test after the words were presented. Based
on our piloting, this increased engagement, minimized loss of attention, and reduced
dropout rates. Adapting the procedure without a criterion test from Rafat and Stevenson
(2018), target items were presented in blocks of two that were non-minimal pair items
from the same OI condition, and then tested pairs immediately after presentation.

Each word was presented four times over 24 randomized blocks, so items were
presented twice with each possible paired word. Trials were randomized within blocks
and in each trial the participant heard the spoken word in the carrier sentence “Here is
a...”, alongside seeing the accompanying image and written form for four seconds
(Figure 3). After the presentation of each pair, participants saw four images and chose
the image which matched the audio for a word they had just learned, embedded in the
carrier sentence “where is the...?” (Figure 4). Two of the images were the word pair they
had just seen and the other two were distractors. The distractors were never a minimal
pair item and never started with the same phoneme as the target item, meaning the
distractors were also never from the same OI condition. The second testing trial then
played the audio of the other word from the pair and the same images in the grid. There
was a 700-ms delay with a fixation cross before each testing screen. The order of the
images was shuffled for each trial and the trial order was randomized. After each
response, the participant was given immediate feedback on whether they made the
correct choice.

The short delay of 700 ms between presentation and first testing trial during the
word-learning phase does not fully disambiguate the mechanism that facilitates learn-
ing (i.e., short-term memory or phonological learning). However, performance on the
matching task after the word-learning phase is the focus of the present study, and here a
longer delay was present, including intervening instruction screens and practice trials.

Audio-visual matching task

After completing the word-learning phase, the matching task involved the auditory
presentation of each word with either the matching image or the image of its minimal
pair item. Participants indicated whether the image and the auditory word matched, yes
or no (Figure 5). Each item was presented as an isolated word, twice in a match trial and
twice in a mismatch trial, resulting in 48 trials per participant. Trials were randomized

Sg4

masit

1 ‘ ) Hereisa

s masat/

‘) Hereis a
/vamas/

Figure 3. Word-learning phase presentation trial sequence.
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Figure 4. Word-learning phase testing trial sequence.
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/famas/ fvamas/

Figure 5. Match and mismatch trial screens.

and split into eight blocks of six trials. Immediate feedback on the accuracy of the
response was given after each trial. It was assumed that participants who were unable to
correctly detect when the image and audio matched and mismatched had encoded the
minimal pair items as homophonous.

Distraction check

At the start of the session, participants were instructed to complete the experiment on
their own in a quiet environment and ideally using headphones. Embracing the fact that
participants would come from a range of backgrounds and were completing the session
during varying COVID-19 lockdown situations, we added a short self-reported dis-
traction check to the end of the experiment to estimate the amount and type of
disruptions that were experienced by participants. A self-report check was preferred
to keep the online session short during COVID-related restrictions. After completing
the word learning and testing phases, participants were asked how distracted they were
during the experiment on a sliding scale, from “no distractions” to “alot of distractions”
(ranging from 0 to 100). They also reported the type of distractions they experienced
from a multiple-choice selection, where they could make multiple selections and add
their own additional text. The main distractions reported by those who were included in
the analysis related to interruption from a household member (33%), phone notifica-
tions (18%), tiredness (18%), and background noise (17%).
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Results

The following sections outline the analysis of participant accuracy for the word learning
and word testing phases of the study. Emphasis is placed on the results from the L1
Arabic group, where the L1 English group data ensures the validity of the test rather
than functioning as a native-like target for the L1 Arabic group. The accuracy data were
analyzed using generalized linear mixed models (GLMMs) in R, using the Ime4
package. For all analyses, a maximal random effects structure was adopted, including
varying intercepts by participant and by item. Model comparisons with likelihood tests
explored interactions and improved fit with additional fixed effects, based on demo-
graphic and environmental variables. Such variables included: age, level of completed
education, audio setup, device type, and amount of distraction. Likelihood ratios were
calculated using the anova() function in R and compared the full model to a model
without each fixed effect and interaction (Winter, 2019). The chi-square results
reported alongside model estimates indicate whether effects and interactions signifi-
cantly contributed to the final model.

Word learning

Both groups demonstrated ceiling accuracy scores (L1 Arabic M = .92 (SD = .27), L1
English M = .95 (SD = .22), indicating little difficulty with the initial task of memorizing
the words and distinguishing them from either a non-minimal pair item or distractor
image. Accuracy scores were further analyzed using GLMMs to assess whether per-
formance was (1) significantly different between the two groups, (2) influenced by the
difficulty of the phonological contrasts, or (3) affected by the OI condition. A stepwise
procedure was followed to build the model, whereby fixed effects of L1 group,
phonological contrast, and OI were initially added to the model. Fixed effects of L1,
OI, and phonological contrast were contrast coded to center the variables. The two-level
variables of L1 group and phonological contrasts were sum coded (LI Arabic 1, LI
English -1; fv 1, mn -1). Meanwhile, the three-level factor of OI was Helmert coded to
facilitate the comparison between any OI and no OI, then Arabic OI and English OI
(Brehm & Alday, 2022; Schad et al., 2020).

This analysis revealed a main effect of L1, where accuracy was lower in the L1 Arabic
group than in the L1 English group (B =—0.29, SE = 0.08, (1) = 14.4, p <.001). There was
also a main effect of OI, where accuracy was lower when words were accompanied with
any OI compared to the audio only condition ( =—-0.27, SE = 0.13, z(11140) = -2.07,
p =.04); however, likelihood testing revealed that inclusion of this factor as a fixed effect
did not significantly improve the model fit (X (2) =3.67, p =.15). Words differing by the
two contrasts or taught with English OI compared to Arabic OI did not significantly
predict accuracy. There were also no significant interactions between these fixed effects.
However, there was an additional main effect of age, where accuracy was lower when
participants were older (B = —0.02, SE = 0.01, y*(1) = 13.8, p <.001). Table 2 provides a
model summary for word learning accuracy.

These results demonstrate that after exposure to target items, followed by a short
interval, participants were able to distinguish the words and images with a high level of
accuracy from non-minimal pair words and distractor images. It is unsurprising that
the L1 English group outperformed the L1 Arabic group, as task demands were higher
for the L1 Arabic speakers. This was due to the (1) L2 English-like quality of pseudo-
words, including nonnative phonological contrasts, (2) embedding of words in L2
English carrier phrases, (3) switching demands between L1 Arabic instruction screens
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Table 2. Model summary for word learning accuracy

Predictors 0Odds ratios Cl p
(Intercept) 53.57 32.32-88.80 <.001
L1 (Arabic) 0.75 0.64-0.86 <.001
Ol vs. no Ol 0.76 0.59-0.99 .039
English Ol vs. Arabic Ol 0.99 0.74-1.32 .940
Phonological contrast (f-v) 0.97 0.86-1.10 677
Age 0.97 0.96-0.99 <.001
Random Effects

e 3.29

Too Participant 0.76

Too Item 0.03

ICC 0.19

N Participant 232

N Item 12

Observations 11140

Marginal R?/Conditional R? 0.035/0.222

and L2 English trials, and (4) switching demands between Arabic and English orthog-
raphies, as the L1 Arabic group were literate in both. Neither the difficulty of phono-
logical contrast nor the orthographic input condition was found to have a significant
influence on performance during the word-learning phase, although some indication of
orthographic influence was suggested.

Word matching

Participant responses in the matching task were binary coded for accuracy with levels
“correct,” where either a match or mismatch was correctly identified, and “incorrect”
where a match was identified as a mismatch or vice versa. Table 3 offers a summary of
mean percentage accuracy for the language groups, alongside d-prime (d') and criterion
scores (c), calculated according to signal detection theory (Stanislaw & Todorov, 1999).
D-prime scores were calculated as d' = z(hit rate) — z(false alarm rate). The hit rate and
false alarm rate were adjusted with the log-linear approach to avoid extreme values of
0 or 1 (Hautus, 1995). In addition, criterion scores assess the direction of bias and are
calculated as ¢ = ((z (hit rate) + z (false alarm rate))/2) * 1 (Stanislaw & Todorov, 1999).

As expected, L1 English speakers descriptively outperformed L1 Arabic speakers in
percentage correct answers, as well as sensitivity to signal and noise trials (Table 3).
Both groups demonstrate a “yes” bias, where words and images were more likely to be
accepted as a match than rejected. However, the bias was stronger with L1 Arabic
speakers, suggesting that minimal pair items were incorrectly accepted as homopho-
nous more so than the L1 English speakers.

Table 3. Mean % correct in match and mismatch trials, matching task d’ and ¢ scores

% Correct

Match Mismatch d' (SD) ¢ score (SD)
L1 Arabic (n = 114) 83.6% 49.8% 0.83 (1.10) 0.42 (0.47)
L1 English (n = 118) 89.3% 67.5% 1.42 (1.02) 0.27 (0.41)
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Table 4. Mean % correct responses, matching task d’ and ¢ scores by phonological contrast

Contrast % Correct d' (SD) c (SD)
L1 Arabic v/ 60.8% 0.53 (1.03) 0.48 (0.49)

/m-n/ 72.7% 1.13 (1.08) 0.35 (0.44)
L1 English v/ 72.8% 1.14 (1.02) 0.35 (0.45)

/m-n/ 83.9% 1.70 (0.94) 0.19 (0.36)

Table 5. Mean % correct responses, matching task d’ and ¢ scores by Ol condition

ol % Correct d’ (SD) c (SD)
L1 Arabic none 67.2% 0.85 (1.02) 0.41 (0.47)
Arabic 63.6% 0.68 (1.09) 0.46 (0.47
English 69.4% 0.97 (1.16) 0.38 (0.46)
L1 English none 79% 1.45 (1.00) 0.31 (0.41)
Arabic 76.5% 1.32 (1.05) 0.27 (0.45)
English 79.7% 1.49 (1.00) 0.23 (0.38)

The influence of phonological contrast and orthographic input on correct responses
by the two language groups is summarized in Tables 4 and 5. While the accuracy of
the L1 English group was higher across both phonological contrasts, both groups found
/f-v/ words more difficult than /m-n/ words. This was anticipated for the L1 Arabic
group but less so for the L1 English group and is discussed below. L1 English
participants were still able to respond to /f-v/ items with above chance accuracy, which
was not the case with the L1 Arabic group, who exhibited particularly low d’ and high ¢
scores. The accuracy of the L1 English group also remained higher across all ortho-
graphic input conditions compared to the L1 Arabic group. Both groups performed
with higher accuracy with English spelling than with Arabic spelling. However, the
difference between each OI condition in the different language groups was minimal in
comparison to the effect of phonological contrast.

GLMMs with L1 Arabic-speaker accuracy

It was predicted that L1 Arabic speakers would be less accurate when distinguishing
/f-v/ minimal pair items than /m-n/ items. It was also predicted that this difficulty would
be exacerbated by exposure to shared-incongruent Arabic spelling, whereas the distinct
and reliable English spelling would visually disambiguate the difficult auditory contrast.
However, it was anticipated that this would differ depending on L2 English proficiency.
As with the word learning analysis, a stepwise procedure was followed to build the
GLMMs in R, whereby fixed effects of trial type (match vs. mismatch), orthographic
input, phonological contrast, and proficiency were initially added to the model. The two-
level variables of trial type and phonological contrasts were sum coded (mismatch
1, match -1; fv 1, mn -1) and the three-level factor of OI was Helmert coded.

This analysis revealed main effects of proficiency and orthographic input, where
accuracy was higher when participants had higher proficiency in English (8 = .15, SE =
.03,¢%(1) = 16.7, p <.001) and words had been taught accompanied by English spelling
compared to Arabic spelling (B = .37, SE = .18, x"(4) = 8.2, p = .08). However, model
comparisons revealed that the inclusion of orthographic input as a fixed effect was only
approaching significance. There were also main effects of phonological contrast, trial
type, and amount of distraction. Accuracy was significantly lower (1) with words
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Table 6. Model summary for L1 Arabic matching task accuracy

Predictors 0Odds ratios Cl p
(Intercept) 0.73 0.37-1.42 .355
Ol vs. no Ol 0.99 0.73-1.35 .970
English Ol vs. Arabic Ol 1.45 1.02-2.08 .039
phonological contrast (f-v) 0.69 0.58-0.82 <.001
trial type (mismatch) 0.39 0.35-0.43 <.001
proficiency 1.16 1.08-1.24 <.001
distraction 0.57 0.33-0.97 .037
Ol vs. no Ol * phonological contrast 0.62 0.44-0.89 .009
English Ol vs. Arabic Ol * phonological contrast 0.93 0.59-1.46 742
Random Effects

o 3.29

Too 1D 0.50

T00 Item 0.05

T11 ID.Contrast (f-v) 0.16

T11 Item.trial type (mismatch) 0.01

Po1 Ip -0.23

Po1 item -0.15

ICC 0.18

N o 114

N Item 12

Observations 5478

Marginal R?/Conditional R? 0.234/0.372

differing by /f-v/ (f =-0.37, SE = 0.09, v(3)=13.9, p =.003), (2) in mismatch trials (f =
—0.95, SE = 0.05, y*(1) = 41.7, p<.001), and (3) when participants reported higher levels
of distraction (B = -0.56, SE = 0.27, y°(1) = 4.3, p = .04). Finally, there was a significant
interaction between OI and phonological contrast, where accuracy was lower for /f-v/
words taught with any OI compared to no OI (f =-0.47, SE =0.18, Y(2) =64, p=.04).
Table 6 provides a model summary.

The strongest predictor of participant accuracy was trial type. Due to the anticipated
difficulty of the mismatch trials compared to match trials, it was of particular interest
how participants performed on those trials. Figure 6 visualizes a slight advantage when
words were taught with English spelling compared to Arabic spelling and the added
difficulty when items differed by /f-v/. Figure 7 visualizes the interaction between OI
condition and phonological contrast, where it was especially clear in mismatch trials
that accuracy was significantly lower when /f-v/ words were taught with any O],
compared to audio-only input, while the opposite was true for the easier /m-n/ words.

As mentioned, L2 English proficiency significantly predicted higher accuracy.
Figure 8 shows the relationship between proficiency and the interaction between OI
and phonological contrast. Accuracy was lower for the /f-v/ contrast words with both
English and Arabic OI, compared to audio-only input, whilst accuracy was higher for
the /m-n/ contrast words presented with any OI. Through the lens of proficiency,
predictions for /f-v/ and /m-n/ contrast words were similar in the audio-only condition,
even though higher proficiency with the /m-n/ contrast words would have been
anticipated across all OI conditions. This implies that encoding both phonological
contrasts posed a certain amount of difficulty for the learners, which eased as profi-
ciency increased. However, exposure to OI had a different effect on each contrast.
Performance with the easier, well-established /m-n/ contrast was supported by OI,
whereas performance with the more difficult, nonnative /f-v/ contrast was inhibited by
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Figure 6. Model estimated marginal means for L1 Arabic accuracy, by (a) Ol and (b) phonological contrast
for match and mismatch trials.
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Figure 7. Model estimated marginal means for L1 Arabic accuracy, plotting interaction between phono-
logical contrast and Ol for match and mismatch trials.
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Figure 8. Model-predicted probabilities for L1 Arabic accuracy, plotting interaction between phonological
contrast and Ol by L2 English proficiency.

OL Notably, even those with the highest proficiency struggle to perform above chance
when /f-v/ words are presented with any form of written input.

In order to better understand the effect of distraction on performance, further
analysis was conducted with a more stringent cutoff of 50% reported distraction. This
approach clarified the exclusion of highly distracted participants, while preserving
around 75% of the data for additional analysis (N = 83; distraction mean = 8% and
range = 0—40%). When running the same models with this dataset, the same factors and
interactions showed significant effects, except that distraction was no longer a signif-
icant predictor. Additionally, the slight advantage of English input over Arabic input
was no longer significant and the interaction between the phonological contrast and
orthographic input was strengthened.

GLMMs with L1 English-speaker accuracy

Based on the performance of the L1 English speakers, we can confidently assume that it
was possible to complete the audio-visual matching task with a high level of accuracy,
after a short word-learning phase introducing the novel words. Indeed, even though
performance was lower for both language groups with the /f-v/ items, it was possible to
perform the matching task with above chance accuracy across all contrasts and
orthographic conditions. Additionally, the high performance for both groups when
distinguishing /m-n/ contrast words indicates that the task was not the primary source
of difficulty for participants. Therefore, it is assumed that the results from this task
indicate the influence of orthography on a difficult nonnative contrast for L1 Arabic
learners of L2 English.

The L1 English group were predicted to perform similarly with words differing by
both phonological contrasts, as the words followed L1 phonotactic constraints and
differed by well-established L1 contrasts. It was also predicted that orthographic
information in Arabic spelling would be inaccessible, as none of the participants
reported literacy in Arabic, leading to an inhibitory or null influence of Arabic spelling.
In comparison, performance with the English spelling was predicted to be higher.
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Asindicated by the descriptive overview of accuracy, these predictions were not entirely
borne out. The results were analyzed further using GLMMs, following the same
procedure as reported above for the L1 Arabic data.

This analysis revealed a main effect of OI, where accuracy was higher when words had
been taught accompanied by English spelling compared to Arabic spelling (§ = .26, SE =
.13,%7(4) = 11.2, p = .02). There were also main effects of phonological contrast, trial type,
and age. Accuracy was significantly lower (1) with words differing by /f-v/ (3 =-0.47,SE =
.07,%°(3) =23.5,p <.001), (2) in mismatch trials ( =—0.80, SE = .08, v’(1)=26.1, p <.001),
and (3) when participants were older (§ = —0.02, SE = .01, (1) =9.3, p =.002). Finally,
there was a significant interaction between OI and phonological contrast, where accuracy
was lower for /f-v/ words taught with any OI compared to audio only (f =—0.40, SE=.11,
(2) = 9.2, p = .01). The model summary is provided in Table 7.

The largest predictor of participant accuracy was trial type and the model pre-
dictions were plotted for the main effects of OI condition and phonological contrast, in
both trial types separately (Figure 9). These figures visualize the slight advantage when
words were taught with English spelling compared to Arabic spelling, and the difficulty
when words differed by the /f-v/ contrast. Predicted accuracy remains above chance for
items differing by /f-v/. However, this could indicate a problem with the items
themselves, which is addressed in the discussion. The interaction between contrast
and OI condition shows that difficulty was exacerbated by exposure to Ol, as accuracy
was significantly higher when participants were exposed to the audio only for /f-v/
words (Figure 10). Critically, the L1 English speakers were able to perform the matching
task with above chance accuracy for the words differing by /f-v/, meaning that while the
task was difficult, it was possible. The interaction between phonological contrast and
orthographic input, where accuracy was highest for /f-v/ words in the audio-only
condition, further indicated that the contrast was sufficiently salient to lexically encode
the contrast in memory, yet not sufficiently salient to benefit from the added ortho-
graphic input.

Table 7. Model summary for L1 English matching task accuracy

Predictors 0Odds ratios cl p
(Intercept) 13.21 7.59-22.98 <.001
Ol vs. no Ol 0.97 0.77-1.23 .825
English Ol vs. Arabic Ol 131 1.02-1.68 .034
phonological contrast (f-v) 0.63 0.55-0.72 <.001
trial type (mismatch) 0.45 0.38-0.53 <.001
age 0.98 0.96-0.99 .002
Ol vs. no Ol * contrast (f-v) 0.67 0.54-0.84 <.001
English Ol vs. Arabic Ol * contrast (f-v) 0.89 0.69-1.16 .397
Random Effects

¢’ 3.29

Too Participant 0.87

To0 Item 0.02

T11 Participant.contrast (f-v) 0.16

T11 Item.tial type (mismatch) 0.06

Po1 Participant -0.35

Po1 item -0.35

ICC 0.25

N Participant 118

N Item 12

Observations 5664

Marginal R?/Conditional R 0.183/0.389
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Figure 9. Model estimated marginal means for L1 English accuracy, by (a) Ol and (b) phonological contrast
for match and mismatch trials.
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Figure 10. Model estimated marginal means for L1 English accuracy, plotting interaction between phono-
logical contrast and Ol for match and mismatch trials.

Discussion

This study addressed the question: Does exposure to shared and distinct script input
differentially influence the lexical encoding of L2 phonological contrasts during novel
word learning? In line with predictions, L1 Arabic-speaker accuracy was higher when
words were presented with English spelling compared to Arabic spelling. However, a
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significant interaction between OI condition and phonological contrast revealed that
accuracy was lower for /f-v/ words that were presented with any form of OI, compared
to audio-only. In other words, any OI inhibited accurate encoding of items differing by
the confusable /f-v/ contrast, whereas accuracy was supported by any OI when items
differed by the easier /m-n/ contrast. Furthermore, while accuracy improved with
increased proficiency, even the highest proficiency participants struggled to perform
above chance with words differing by /f-v/ accompanied by any written input. These
results suggest orthographic influence is moderated by the perceptual difficulty of the
target contrast. Thus, even when Ol is familiar and letters map transparently to sounds,
it is not always useful in visually disambiguating the speech signal but rather enhances
only what is already perceptible to the learner.

These findings align with proposals by Escudero and colleagues (2015; 2014), who
argue the supportive influence of OI is limited by the perceptibility of target contrasts.
Cutler (2015) also reiterates that without a firm perceptual basis, a lexically encoded
distinction via orthography may not reduce L2 confusion when perceiving and proces-
sing spoken language. Knowing the distinction exists may not be enough to perceive it
correctly in speech. As such, explicit instruction, drawing further attention to an
orthographically represented contrast, is likely to be of most benefit when the contrast
has already been phonologically established to some extent, perhaps with higher levels
of proficiency. Mixed findings regarding the effects of explicit instruction in this
context would benefit from further academic attention (Hayes-Harb & Barrios, 2021).

Escudero and colleagues (2015; 2014) report a null influence of shared orthographic
input when learning difficult contrasts, rather than a negative influence. However, like
the present study, an inhibitory effect was reported by Mathieu (2016), who compared
performance across a range of different script conditions. He found that written input
conditions accompanying a confusable contrast, which varied in familiarity based on
the L1 script, did not differ from each other but together exhibited an inhibitory effect
on accuracy encoding a confusable contrast, compared to no orthographic input. This
was attributed to the “foreign-ness” of the written input, as participants had no
experience with Arabic or Cyrillic scripts. In the present study, English OI could be
conceived of as “foreign” to the L1 Arabic speakers. However, familiarity and foreign-
ness are ill-fitting terms for learners with varying English proficiency and literacy
experience, illustrating the benefit of articulating the degree of visual overlap between
scripts to separate established L1 knowledge from developing L2 experience.

The marginal advantage of L1 English written input across both target and control
contrasts may be indicative of Arabic speakers’ high levels of proficiency in English, and
a more macro-level congruence between script and English-like nature of the words. By
congruence here, we refer to the case where the presentation of L1 transliteration to L2
lexical items acquires a peculiarity and additional level of processing for biscriptal L2
learners who are used to learning new English words accompanied by English spelling.
For example, Hao and Yang (2021) reported increased word learning accuracy for L1
English speakers with higher proficiency in L2 Mandarin words, and found that
advanced learners in a Chinese character group generally outperformed those in a
Romanised Pinyin group. This tendency was also apparent for the intermediate
learners, whereas naive learners were significantly more accurate with Pinyin than
characters. Improved accuracy with characters for advanced learners was interpreted to
reflect learners’ accustomed way of learning new vocabulary, as character-based literacy
practices become more prevalent as proficiency increases.

Focusing also on proficiency, Veivo and colleagues (2018; 2013) explored ortho-
graphic bias in adult L2 lexical knowledge and imprecise phonological representations.
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They posit that late L2 learners’ orthographic representations may be more robust than
their phonological representations, although this bias can decrease with proficiency.
For example, as proficiency increases, they observed a reduced reliance on L1 knowl-
edge and less impact of orthographic information on L2 spoken word recognition.
Given these findings, the steady improvement and lack of interaction between written
input and proficiency in the current study could indicate that as proficiency increased,
participants were better able to navigate interference from L1 Arabic written forms and
integrate the L2 English written forms with phonological representations in memory.
However, more systematic exploration of these questions, such as using online tech-
niques like eye-tracking found in work by Veivo and colleagues, would be valuable to
better understand these processes.

Considering the difficulty that advanced learners faced when encoding a confusable
contrast with both shared and distinct orthographic input, these findings support
recommendations against an overreliance on early orthographic input, or at least some
pedagogical caution, in instructed environments (Hayes-Harb et al., 2018; Rafat &
Stevenson, 2018; Sokolovi¢-Perovié et al., 2019; Tyler, 2019). Criticality and caution are
recommended here, rather than avoidance, for two reasons. Firstly, it is both implau-
sible and often unnecessary to completely restrict early exposure to written forms in
most educational settings and literate societies. Secondly, written forms can support
language learning broadly and phonological development specifically. For example, in
the present study, accuracy improved for the easier /m-n/ items with any OI in
comparison to audio only, further indicating that orthographic influence depends on
the perceptibility of target items. Thus, it is hypothesized that when learners can
perceptually distinguish lexical items, OI functions as an enhancing cue that supports
lexical encoding. However, when learners are not able to perceptually distinguish novel
lexical items, OI causes interference or distracts from attending to the necessary
phonetic detail. It would therefore be beneficial for teachers and learners to reflect
on the mappings between both the phonology and orthographies of the target and
known languages when leveraging written input during early language instruction.

This interpretation of the findings and call for caution echoes Tyler’s (2019)
speculative extension of PAM-L2 to instructed settings. In line with the recommenda-
tions above, Tyler predicted that alphabetic orthographies which clearly signal a
phonological difference may help to tune into phonetic differences in the speech signal.
However, when the orthographic signal is not clear “their internal rehearsal of the
pronunciation of L2 words via orthography may reinforce a perception that the L2
phonemes are equivalent rather than distinct” (Tyler, 2019, p. 617). While there is a lack
of detail in what Tyler means by a “clear” orthographic signal, these ideas are supported
by empirical findings, in the present study and others (Hayes-Harb & Barrios, 2021),
regarding both (in)congruence and perceptibility. However, further research is needed
to formalize predictions and the lack of reference to non-alphabetic orthographies or
learning across distinct writing systems in this and other theories of speech learning
remains notable. As such, this article joins the growing chorus seeking theoretical
developments which take the influences of written input on instructed second language
speech learning into account (Bassetti et al., 2018; Nimz & Khattab, 2020; Rafat &
Stevenson, 2018; Yazawa et al., 2023). Further, methodological innovation is called for,
including mixed methods approaches (c.f., Bassetti et al. 2020, who combined exper-
imental and qualitative methods to explore participants’ perceptions of orthographic
effects on their developing phonology).

We acknowledge several limitations in the current study. The number of stimuli and
trials across conditions was limited. Furthermore, while the difficulty encoding the /f-v/
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words was predicted for the L1 Arabic group, the lower-than-expected (albeit above-
chance) performance with this contrast by the L1 English group suggested an issue of
perceptual salience, as well as L1 perceptual bias. Closer analysis of the audio stimuli
revealed only partial voicing of the word-initial voiced labiodental fricative /v/, as is
expected in an intervocalic position in connected speech (see supplementary materials).
This could go toward explaining the reduced salience of the contrast. Future research
would benefit from an increased number of trials and stimuli per condition and/or
investigating a different confusable contrast, such as /b-p/, to see if findings are
replicated. Future applications of this study design may also consider the advantages
of within- and between-subject designs for stimuli presentation. For example, partic-
ipants noted the additional processing demands of switching between different script
inputs during word learning, which was a more artificial aspect of the design.

While the use of online data collection was beneficial for recruiting a large interna-
tional sample when lab-based research was not available, it is important to acknowledge
potential differences in stimuli presentation. As noted in Table 1, participants com-
pleted the study with varying devices and audio equipment, which could have impacted
participant performance. We conducted analyses controlling for these variables, but
they did not significantly predict performance or improve the fit of the model. For
further discussion around conducting auditory perception studies online see Eerola
et al. (2021). The inability to control the level of distraction during participation in the
present study was also a limiting factor. However, self-reported information on the
amount and type of distraction proved insightful, especially as the level of distraction
proved to be a significant predictor of L1 Arabic group accuracy in the matching task.
This then demonstrates the usefulness of collecting distraction data, both for informing
exclusion procedures and to include as part of analysis. Since conducting this study,
many advances have been made and best practices established for conducting online
research. As such, future research on this topic would benefit from implementing a
more objective measure of attention, such as an easy control task. Additionally, targeted
assessment of the memory and executive function of participants would clarify the
extent to which task performance relates to these individual differences rather than
orthographic encoding. A future study could also explore the effect of a longer interval
between stimulus presentation and response in the word-learning phase, to disambig-
uate between learning mechanisms.

Arguably, single-session word learning studies offer limited insight into learning
and reflect processes more associated with short-term memory (Bakker et al., 2014),
especially without a consolidation period of sleep (Dumay & Gaskell, 2007; Gaskell
etal.,, 2014). For this reason, it is difficult to tease apart phonological learning and short-
term memory in our design. Others argue that lexicalization of newly learned words can
take place rapidly and without consolidation (Kapnoula & McMurray, 2016), and there
is clear precedent in the field to draw conclusions based on single-session studies. That
being said, to gain more insight into learning over time, studies should move beyond
single sessions. Additionally, the inclusion of perception and production testing in an
extended battery of tests would prove useful to further investigate how orthographic
influence relates to the development of robust mental representations of confusable 1.2
contrasts. This would also help address continuing queries around the relationship
between proficiency, L2 phonological development, and orthographic input. Proficiency
is a multilayered concept; thus, it would be useful to investigate relevant individual
differences, including measures of language experience and exposure, cognitive function,
auditory processing, and language learning strategies.
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Conclusion

Cross-scriptal written input is influential when adult L2 learners lexically encode
phonological contrasts in novel L2 words. This study contributes to evidence that
orthographic effects are pervasive across L1 shared and distinct orthographic scripts
and into high levels of L2 proficiency. Furthermore, evidence of orthographic effects on
L2 phonology with a far larger sample than typical of previous studies demonstrates
that orthographic influence is robust and deserves greater attention when investigating
and theorizing in relation to L2 phonological development. Contrary to predictions, the
present study did not clearly demonstrate the benefits of reliable, distinct L2 written
input when learning a confusable L2 contrast. In fact, the findings presented here
suggest that exposure to any orthographic input, irrespective of L1 overlap or systema-
ticity of representation, had an inhibitory effect on the ability to lexically encode a
difficult-to-perceive phonological contrast. In light of the persistent difficulty encoding
confusable contrasts with orthographic input, caution around a reliance on written
input is particularly recommended for the earliest stages of language learning.
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