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ABSTRACT

This study explores how visual-orthographic information influences the perception and recognition of
phonemes in a second language (L2). Spanish and Korean learners of English participated in tasks fo-
cusing on the English labiodental /v/ and bilabial /b/ phonemes, which are either allophonic or non-
existent in their native languages but phonemic in English. The findings demonstrate that the partici-
pants’ first language (L1) significantly impacts their ability to perceive and recognize these English
phonemes. Additionally, orthographic cues were found to play a crucial role in this process. The results
support models that emphasize the importance of L1-L2 phoneme mapping and highlight the influence
of orthographic information in L2 word recognition.
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La influéncia de ’ortografia en el reconeixement de mots en anglés per part d’aprenents par-
lants d’espanyol i de corea

RESUM

Aquest estudi explora com la informaci6 visual-ortografica influeix en la percepcio i el reconeixement
de fonemes en una segona llengua (L2). Diversos aprenents d’anglés de parla espanyola i coreana van
participar en tasques centrades en els fonemes labiodental /v/ i bilabial /b/ de I’angl¢s, que son al-lofonics
o inexistents en les seves llenglies maternes perd fonémics en angles. Els resultats demostren que la
llengua materna dels participants (L1) té un impacte significatiu en la seva capacitat per percebre i reco-
neixer aquests fonemes en angles. A més, es troba que les pistes ortografiques exerceixen un paper cru-
cial en aquest procés. Els resultats donen suport a models que subratllen la importancia del mapatge de
fonemes entre L1 1 L2, i ressalten la influéncia de la informacié ortografica en el reconeixement de
paraules en L2.

MOTS CLAU

mapatge L2; informaci6 ortografica; reconeixement de paraules; percepcio de la parla

La influencia de la ortografia en el reconocimiento de palabras en inglés por aprendices his-
panohablantes y coreanos

RESUMEN

Este estudio explora como la informacion visual-ortografica influye en la percepcion y el reconocimiento
de fonemas en una segunda lengua (L2). Estudiantes de inglés de habla hispana y coreana participaron
en tareas centradas en los fonemas labiodental /v/ y bilabial /b/ del inglés, que son alofonicos o inexis-
tentes en sus lenguas maternas, pero fonémicos en inglés. Los resultados demuestran que la lengua ma-
terna de los participantes (L1) impacta significativamente en su capacidad para percibir y reconocer estos
fonemas en inglés. Ademas, se encontr6 que las pistas ortograficas desempefian un papel crucial en este
proceso. Los resultados apoyan modelos que enfatizan la importancia del mapeo de fonemas entre la L1
y la L2, y destacan la influencia de la informacion ortografica en el reconocimiento de palabras en L2.

PALABRAS CLAVE

mapeo L2; informacion ortografica; reconocimiento de palabras; percepcion del habla
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1. Introduction

Across the world, there are numerous alphabets and
writing systems, each with unique features that in-
fluence how languages are processed and perceived.
From the Latin alphabet used in English and Span-
ish, to the Cyrillic script in Russian, and logographic
systems like Chinese, these orthographic systems
provide distinct visual representations of spoken
language. These scripts not only encode linguistic
information but can also play a crucial role in how
speakers of a language perceive and produce sounds
(e.g., Bassetti, 2017; Bassetti et al., 2015, 2018,
2020). The interaction between spoken and written
language is particularly relevant in second language
(L2) learning, where learners often rely on familiar
orthographic conventions to navigate new phonetic
landscapes (e.g., Erdener & Burnham, 2005; Hayes-
Harb et al., 2010; Escudero & Wanrooij, 2010). For
instance, speakers of languages with alphabetic
scripts may experience different challenges in 1.2
speech perception and production compared to
those whose native languages use syllabaries or log-
ograms (e.g., Mok et al, 2018; Cutler, 2015;
Mathieu, 2016). This study explores how the di-
verse orthographic systems across languages can
shape phonological perception, especially in the
context of learning English as an L2.

Recent research has increasingly focused on the im-
pact of orthographic forms (spelling conventions)
on aspects of L2 speech processing, including per-
ception, production, and sound categorization (e.g.,
Bassetti, 2017; Hayes-Harb et al., 2010; Escudero et
al., 2008). Most studies have focused on languages
that share the same alphabet, particularly those us-
ing the Latin script (e.g., Bassetti et al., 2018; Es-
cudero & Wanrooij, 2010). However, the effect of
orthography on speech perception in languages with
non-traditional or non-alphabetic scripts is an
emerging area of interest. For example, research on
Chinese, a language with a logographic writing sys-
tem, has shown that orthography can influence the

! In some regions of Spain, particularly those influenced by
Catalan, a distinction between /b/ and /v/ may be observed.
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perception of tone and segmental contrasts in L2
learners (e.g., Mok et al., 2018). Similarly, studies
on Japanese kana, a syllabary script, have shown
that L2 learners might transfer syllable-based ortho-
graphic patterns from their L1 to their L2, affecting
their perception and production of foreign sounds
(e.g., Cutler, 2015). These findings suggest that the
influence of orthography extends beyond alphabetic
systems, affecting L2 learners from diverse linguis-
tic backgrounds in distinct ways. Understanding
how different scripts interact with speech percep-
tion and production in L2 contexts is crucial for de-
veloping comprehensive models of L2 phonological
acquisition.

Building on this growing interest, recent studies
have delved deeper into the role of orthographic
forms in shaping specific aspects of L2 speech pro-
cessing, such as perception, production, and sound
categorization. Research by Bassetti and colleagues,
among others, has shown that L2 speakers may pro-
duce sound contrasts not present in the target lan-
guage, a phenomenon influenced by the prominence
of visual-orthographic cues (e.g., Bassetti, 2017;
Bassetti et al., 2015, 2018, 2020). However, most of
the previous studies, as it will be reviewed in this
section, have focused on languages sharing the
same alphabet. This study examines how challenges
in speech perception and sound categorization
might affect word recognition in Spanish- and Ko-
rean-speaking learners of English as an L2, with a
focus on the role of orthographic information in
modulating this effect, and contrasting two native
languages (L 1) with different writing systems.

In both English and Spanish orthography, the graph-
emes <b> and <v> are present, but they are only
phonetically distinguished in English. In Spanish,
both graphemes are typically pronounced as [b] or
[B], depending on phonetic context and regional
variation', whereas in English, <v> is realized as a
labiodental fricative and <b> as a bilabial plosive
(Hualde, 2014; Jogman, Wayland, & Wong, 2000).

This distinction is less common in Latin American varie-
ties.
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The standard Spanish phonemic inventory lacks the
voiced labiodental fricative /v/, although Hualde
(2014) notes its occurrence in specific contexts as a
result of coarticulation, such as in the word afgano
(Afghan), pronounced [av'yano]. This difference
between the phonemic sys:tems of English and
Spanish, despite their similar orthographic repre-
sentations, is central to this study. In contrast, the
Korean phonemic inventory lacks labial fricatives
and includes only labial stops: /p/, /ph/, /p’, and [b]
(Shin et al., 2012). The English /f/ and /v/ are per-
ceptually assimilated to the Korean lenis stop /p/
when borrowed into Korean, as part of cross-lan-
guage perceptual assimilation in loanword phonol-
ogy (e.g., Tranter, 2000). For example, the English
word video is adapted as [pitio] and coffee as
[khopi]. This process reflects cross-language per-
ceptual assimilation rather than a phonological ad-
aptation process, as learners map non-native sounds
to the closest available categories in their native
phonemic inventory.

The occurrence of the voiced labiodental fricative
[v] in the speech of Spanish-English bilinguals, par-
ticularly among Spanish-speaking adults learning
English as an L2, has been extensively examined in
previous research. One perspective suggests that ex-
posure to the English phoneme /v/ affects the Span-
ish sound system, leading to the emergence of [v] as
a variant of the Spanish phoneme /b/. This indicates
that English language proficiency and exposure can
influence how Spanish speakers produce and distin-
guish sound contrasts in their native language (e.g.,
Takawaki, 2012; Trovato, 2017). This phenomenon
is especially pronounced in bilingual communities,
such as those in New Mexico and California, where
significant language contact occurs. The degree of
influence often correlates with the individual’s Eng-
lish proficiency level (e.g., Takawaki, 2012; Timm,
1976; Torres Cacoullos & Ferreira, 2000). Addi-
tionally, Stevens (2000) observed that Instructors
who are native Spanish speakers teaching English
as a second language frequently produce [v], attrib-
uting this to the influence of English orthography.
Moreover, Martinez-Garcia (2023) found that the
presence of orthographic information can modulate
the perception and word recognition of English
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phonemes by Spanish-speaking learners, particu-
larly when distinguishing between labiodental /v/
and bilabial /b/ phonemes. These findings highlight
the importance of orthographic influence on pho-
netic adaptation in bilinguals, particularly in con-
texts of high language contact and growing L2 pro-
ficiency. However, studies focusing on this specific
aspect in Korean learners of English are scarce, in-
dicating a need for further research in this area.

In addition to language contact and proficiency, or-
thographic forms significantly influence speech per-
ception in both native speakers and L2 learners. The
literature demonstrates that visual-orthographic in-
put can either aid or hinder speech perception. In
some cases, alphabetic orthographic cues, when
combined with auditory input, enhance the percep-
tion of speech sounds (e.g., Erdener & Burnham,
2005; Escudero et al., 2008). However, discrepan-
cies between spoken and written forms can lead to
misperceptions (e.g., Hayes-Harb et al., 2010; Es-
cudero & Wanrooij, 2010, Experiment 2; Mathieu,
2016; Rafat & Stevenson, 2019). These mispercep-
tions often manifest as sound additions, omissions,
or substitutions during the perception process. Ad-
ditionally, research on L2 speech production sup-
ports these findings, revealing that orthographic
forms can induce sound changes in L2 pronuncia-
tion (for a review, see Bassetti et al., 2015). Despite
the established influence of orthography on speech
perception, production, and metalinguistic aware-
ness, there remains a notable gap in research on its
effect on word recognition in L2 learners.

This study addresses the gap in understanding how
L2 learners acquire non-native phonemic contrasts
by investigating the potential impact of perception
issues on word recognition, with particular attention
to the visual influence of orthography. By including
Korean, the study enables a comprehensive compar-
ison of how orthography influences phonetic dis-
tinctions across languages. In English, orthography
maintains distinct phonemes like /b/ and /v/; in
Spanish, orthographic distinctions exist without
phonetic contrast; and in Korean, certain fricatives
are not represented at all. This comparison high-
lights how  orthographic  systems  shape
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phonological perception, loanword adaptation, and
the maintenance or neutralization of phonetic dis-
tinctions, offering valuable insights into the inter-
play between written and spoken language. The
study follows the same methodology as that de-
scribed in Martinez-Garcia (2023), ensuring con-
sistency in the approach to analyzing orthographic
influence across different linguistic contexts.

2. Experiment 1: AXB task
2.1. Participants

32 native speakers of English (16 females; mean
age=23 years) from a midwestern university in the
USA, 32 Spanish-speaking learners (12 females;
mean age=24 years) from the University of Alicante
(Spain), and 29 Korean-speaking learners (20 fe-
male; mean age=22 years) from the University of
Utah Asia Campus (Incheon, South Korea) com-
pleted this study. The two learners’ groups were
matched in different individual differences
measures, as can be seen in Table 1, where the pro-
ficiency was established by a cloze test (Brown,
1980) out of 50 possible points. None of the partic-
ipants reported any visual or hearing impairment.

Spanish Korean

learners learners
Age of acquisition 12 (2.3) 11(2.3)
Years of L2 instruction 12 (3.6) 11 (4.8)
Zﬁ‘v"ll:gzlﬁgg mnan L2 15(368) |2531.17)
English proficiency 25.94 (12.04) | 28 (8.52)

Table 1. Average and standard deviation individual
data of the two groups.

Participants in the Spanish-speaking group were
from the Valencia-speaking region of Spain. While
this region is influenced by Catalan, all participants
reported being Spanish-dominant speakers. There-
fore, any potential influence of Catalan phonology
on their perception or production of /b/ and /v/ was
considered unlikely but cannot be entirely ruled out.
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Participants came from diverse academic back-
grounds unrelated to linguistics or language studies,
which suggests that their responses were less likely
to be influenced by formal training in phonetics or
linguistics.

2.2. Materials

Participants completed an AXB discrimination task
using minimal pairs of eighteen nonce words that
contrasted the English phonemes /b/ and /v/.

Each nonword pair was presented in four possible
trial orders (AAB, ABB, BAA, BAB), resulting in
72 distinct trials. To minimize order effects and en-
sure balanced exposure, the presentation of trials
was counterbalanced among participants, and indi-
vidual participants did not hear the same item more
than once.

The nonwords were carefully constructed to con-
form to English phonotactic rules and were verified
to ensure they did not correspond to real English
words. The stimuli were recorded by three native
English speakers with different regional accents,
and their roles in the trial sequences (A, X, B) were
rotated across trials to reduce speaker-related bi-
ases. See Appendix A.

To prevent participants from focusing exclusively
on the /b/-/v/ distinction, 72 filler trials were in-
cluded. These fillers were divided into two condi-
tions: (1) contrasts involving the presence or ab-
sence of a segmental unit (e.g., schwa), and (2) con-
trasts differing by a single phoneme. These fillers
were designed to divert attention from the target
contrast and maintain participant engagement with-
out contributing to the primary research question.

Before the main session, participants completed six
practice trials with feedback to ensure task compre-
hension. During the main session, participants were
instructed to identify whether the middle nonword
(X) was more similar to the first (A) or the third (B)
using a mouse click. Feedback was not provided
during the experimental trials.
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2.3. Procedures

Paradigm software developed by Perception Re-
search Systems, Inc (Tagliaferri, 2005), was used to
present the stimuli. Participants, seated comfortably
at approximately 20-30 c¢cm from the screen in a
quiet room, received instructions in their native lan-
guage to carefully listen to a sequence of three
nonce words and determine whether the second
word (X) was more similar to the first or the third
word (A or B). All visual information was displayed
in Arial font at 20 points. The inter-stimulus interval
was set at 1,000 ms, and participants made their se-
lection by clicking one of two mouse buttons. The
subsequent trial started immediately after the partic-
ipant click on the mouse to respond to the previous
trial. The inter-stimulus interval (ISI) of 1,000 ms
was chosen to allow participants sufficient time to
process each stimulus fully, reducing cognitive load
for the subtle /b/ and /v/ contrast.

Before the main session, which did not include feed-
back, participants completed a practice session con-
sisting of six stimuli, during which feedback was
provided. All trials were fully randomized for each
participant. The task took approximately 20-25
minutes to complete, including practice trials.

2.4. Data analysis

The accuracy of participants was examined using a
logistic regression model, following the approach
outlined by Baayen (2008). This analysis was con-
ducted with the g/m package (Hothorn & Everitt,
2014) in R (R Core Team, 2009). The participants’
first language (L1) was treated as a categorical pre-
dictor with three levels (English, Spanish, and Ko-
rean), with the English group serving as the base-
line. Phoneme type was also treated as a categorical
predictor with two levels (Bilabial vs. Labiodental),
with the bilabial phoneme as the baseline, given that
this phoneme is present in all the participants’ L1s.
The influence of these predictors was evaluated us-
ing log-likelihood tests, comparing models with and
without the predictors.
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Two sets of models were developed: one focused on
the overall accuracy rates using L1 and phoneme
type as predictors (and their interaction), and an-
other focused on the L2 learners’ accuracy rates, in-
corporating phoneme type, proficiency, and their in-
teraction. The impact of L2 proficiency was evalu-
ated by comparing models that included proficiency
against those that did not, with the best-fitting
model retained. Since the inclusion of proficiency
did not enhance the model, only the analysis of
overall accuracy rates based on L1 and phoneme
type (excluding interaction) is presented. Partici-
pants and items were included as random variables
in the analysis.

2.5. Results

Figure 1 shows the average accuracy results for the
three groups across the two phoneme conditions,
while Table 2 details the outcomes of the logit
mixed-effects model for the accuracy of all partici-
pants.

mL1 English ®mL1 Korean

I
i
75% 85%
° 590, P A 66%

bilabial labiodental

L1 Spanish

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Figure 1. Mean accuracy (standard errors) of the three
groups in the AXB task.



Orthographic influence on English word recognition by Spanish and Korean learners

Variable B |SE| z P

(Intercept) 1.27 | .14 | 8.35 | <.001
L1: Spanish L2 learners -0.94 | .17 | -5.45 | <.001
L1: Korean L2 learners -0.94 | .17 | -5.48 | <.001
Phoneme Type: Labiodent. | 0.39 |.12| 3.32 | <.001

Note: df = 1494; a = .05

Table 2. Logit regression model on all participants’ ac-
curacy results.

2.6. Discussion

In this initial experiment, an AXB task was used to
investigate whether Spanish and Korean L2 learners
of English would encounter difficulties in discrimi-
nating between the bilabial and labiodental con-
trasts in English, a sound contrast that is either allo-
phonic (in Spanish) or non-existent (in Korean) in
their L1s. The results showed that native speakers
outperformed L2 learners in accuracy, and that the
labiodental sound was more accurately perceived
than the bilabial sound. However, the absence of an
interaction between group and phoneme type indi-
cates that, despite native speakers being more accu-
rate overall, both Spanish and Korean L2 learners
exhibited the same pattern of results, regardless of
whether they were listening to a bilabial sound
(which exists in their L1) or a labiodental sound
(which does not exist in their L1 as a phoneme).

These discrimination results align with the phone-
mic inventories of the learners’ native languages.
Specifically, the Spanish speakers’ perception re-
flected the allophonic nature of the [b] versus [V]
distinction in their L1. Given that these sounds are
allophonic in Spanish, albeit in very limited con-
texts, Spanish L2 learners of English experienced
difficulties in discriminating between them. The
Korean learners, on the other hand, struggled with
both sounds due to the absence of labiodental frica-
tives in Korean, highlighting the challenge of ac-
quiring not only a novel phonemic contrast but also
the individual sounds themselves, which are absent
in their native language.

The difficulties faced by both groups are consistent
with established research indicating that the absence
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of a phonemic distinction in the L1 can significantly
hinder L2 perception. When L2 learners are ex-
posed to phonemic contrasts that do not exist in their
native language, they may fail to develop the per-
ceptual categories necessary to distinguish these
sounds accurately (e.g., Best, 1995; Flege, 1995;
Kuhl, 1991). This often results in learners assimilat-
ing the novel L2 sounds to the closest native cate-
gories, leading to persistent difficulties in percep-
tion and production. For instance, Japanese learners
of English notoriously struggle to differentiate be-
tween /1/ and /t/ due to the lack of this distinction in
Japanese (Goto, 1971; Lively et al., 1994), and
French learners face challenges with English /h/ as
it does not exist in French phonology (Caramazza et
al., 1973; Melnik & Peperkamp, 2021).

Separate scores for /b/ and /v/ were analyzed to ex-
plore potential asymmetries in the perception of
these phonemes. This approach allowed us to exam-
ine whether acoustic salience contributed to differ-
ences in accuracy, as /v/ is often reported to be more
salient than /b/ in perception studies. The lower-
than-ceiling performance of native speakers in the
AXB task may be attributed to the use of nonwords,
which removed lexical cues and heightened task dif-
ficulty. Previous research has shown that even na-
tive speakers can experience reduced accuracy
when processing fine-grained phonemic contrasts
without lexical context (e.g., Escudero et al., 2008).

These findings contribute to the existing evidence
that contrasts which are allophonic or non-existent
in the L1 pose challenges when they are phonemic
in the L2 (e.g., Abramson & Lisker, 1970; Best,
1995; Flege, 1995; Polka, 1992; Polka & Werker,
1994; Strange et al., 2001; Werker & Tees, 1984).
The perceptual difficulties observed in this experi-
ment suggest that the lack of phonemic distinctions
in the L1 can lead to misperceptions in the L2, as
learners may not be attuned to the subtle acoustic
cues that differentiate similar sounds in the target
language (e.g., Werker & Logan, 1985; Werker &
Lalonde, 1988). These misperceptions can have
broader implications for L2 acquisition, particularly
in the domain of word recognition.
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Previous studies suggest that difficulties in accu-
rately perceiving L2 sounds can increase lexical
competition, thereby reducing the efficiency of
word recognition (e.g., Broersma & Cutler, 2011;
Escudero, 2007; Weber & Cutler, 2004). When
learners misperceive phonemic contrasts, they may
incorrectly activate multiple lexical candidates or
“phantom words”, leading to confusion and slower
recognition times (Broersma & Cutler, 2008). For
example, Spanish or Korean speakers might strug-
gle to distinguish between “bat” and “vat” in Eng-
lish, resulting in increased difficulty in recognizing
these words in continuous speech. Consequently,
Experiment 2 was designed to explore how misper-
ception of this phonemic contrast in English might
influence L2 word recognition and to examine the
role of orthographic information in perceiving this
sound contrast, specifically looking at two very dis-
tinct scripts.

3. Experiment 2: Word monitoring task
3.1. Participants

In Experiment 2, the participants from Experiment
1 were also included. To avoid any potential impact
on their word recognition abilities, they completed
the word monitoring task prior to the AXB task, en-
suring that their performance was not influenced by
patterns or details they might have observed during
Experiment 1. Participants completed both experi-
ments consecutively, with no significant breaks be-
tween them.

3.2. Materials

In this experiment, all groups participated in a word
monitoring task, where they were required to detect
a pre-specified target word within the auditory in-
put, following the methodology outlined by Kilborn
and Moss (1996). Participants were asked to moni-
tor for a target word that either included or excluded
a specific phoneme (e.g., “fiber” vs. “fiver”’) within
semantically ambiguous sentences that could either
align with or differ from the target word (i.e., match
or mismatch the phonetic content). An example of
the experimental items is outlined in Table 3.
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Condition Weritten exﬁ:&; d alt::ludz;l
Match bilabial FIBER /b/ /b/
Match labiodental | FIVER v/ v/
Mismatch bilabial | FIBER /b/ v/
Mismatch labiodental | FIVER v/ /b/

Table 3. Stimuli examples of the word monitoring task
(e.g., “The woman found a fiber/fiver in her bag”).

The experiment included 48 target items, each con-
taining either the phoneme /b/ or /v/ in various word
positions (e.g., “best” vs. “vest”). To ensure partici-
pants could not rely solely on lexical cues, sentences
were designed to be semantically ambiguous. Two
native English speakers assessed these sentences for
both plausibility and ambiguity. Additionally, the
target word’s position within the sentence was var-
ied to avoid creating any participant expectations.

The experiment also included 96 filler items, de-
signed similarly to those used in Experiment 1. Half
of these fillers consisted of 36 minimal and 12 near-
minimal pairs, where a vowel was added or omitted
at the start of /s/-initial clusters (e.g., “especial” vs.
“special”). The other half of the fillers varied either
by the number of phonemes or by a single phoneme
(e.g., “bead” vs. “bee” or “swing” vs. “wing”).
These phonetic contrasts occurred at different posi-
tions within the words, including word-initial,
word-medial, and word-final positions. Fillers were
included to divert participants’ attention from the
specific phoneme contrasts being tested, minimiz-
ing task bias and ensuring engagement throughout
the task. All sentences, both experimental and filler,
were recorded by a female native speaker of Amer-
ican English with a Midwestern accent (Speaker 3
from Experiment 1). The stimuli were presented us-
ing a randomized Latin square design.

The target words in the Word Monitoring Task were
selected based on their frequency and common us-
age in English, aligning with participants’ expected
proficiency levels. A formal lexical familiarity test
was administered, yielding no difference among the
groups and suggesting that participants were likely
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to have established phonological representations of
them. See Appendix B.

3.3. Procedures

The stimuli were presented using Paradigm soft-
ware. In each trial, participants were shown the tar-
get word in capital letters at the center of the screen
for 1,000 ms (e.g., FIBER). As the word disap-
peared, the corresponding audio played. Partici-
pants then listened to a sentence that either included
or did not include the target word they had just seen
(e.g., “The woman found a fiber in her bag.” or “The
woman found a fiver in her bag.”). Their task was
to determine whether the sentence contained the dis-
played word by clicking a button labeled with the
equivalent of “YES’ or ‘NO’ in their respective na-
tive language, using a mouse. Participants could re-
spond as soon as they recognized the word in the
sentence, even if the audio had not finished playing,
or they could wait until the end of the sentence to
confirm the word’s absence. Once a response was
made, the next trial began immediately.

The experiment started with six practice trials that
included feedback. However, during the main ses-
sion, participants did not receive any feedback.

w1 English ®L1 Korean

90%

100,00%
90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

bilabial labiodental

Match
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3.4. Data analysis

Participants’ accuracy was analyzed using a logistic
regression model, similar to the approach used in
Experiment 1. Three categorical predictors were in-
cluded in the analysis. The first predictor was L1,
with three levels (English, Spanish, and Korean),
using English as the reference category. The second
predictor was the type of phoneme (e.g., /b/ vs. /v/),
with the bilabial sound serving as the reference.
Lastly, the match between the monitored word and
the auditory stimulus (match vs. mismatch) was ex-
amined, with “Match” as the baseline category.

Two sets of models were run for this analysis. The
first set used L1 as a predictor and considered accu-
racy across all participants. The second set focused
on L2 learners, examining their accuracy in relation
to proficiency. However, proficiency was ulti-
mately excluded from the final model, as the model
without it provided the best fit. Both sets included
participant and item as random effects.

3.5. Results

Figure 2 shows mean accuracy in the word monitor-
ing task, divided by auditory type (match vs. mis-
match) and phoneme type (bilabial vs. labiodental).
Table 4 reports the logistic regression results for
overall accuracy.

L1 Spanish

47% 43%

bilabial labiodental

Mismatch

Figure 2. Mean accuracy (SD) of the three L1 groups in the word monitoring task. Bilabial and labiodental labels re-
fer to the auditory stimuli.
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Variable B |SE| z D
(Intercept) 2.38 |.22|11.07 | <001
L1: Spanish L2 learners | -1.91 | .26 | -7.4 | <.001
L1: Korean L2 learners -1.231.27| 4.6 | <.001
Auditory type: Mismatch |-0.22 |.26| -85 | >.1
Phoneme type: Labiodent. | -0.05 | .27 | -0.18 | >.1
L1 Spanish x Auditory t. |-0.75|.31| -2.4 | <05
L1 Korean % Auditoryt. |-1.08 |.32| -3.4 |<.001
L1 Spanish x Phoneme t. | 0.33 |.31| 1.07 | >.1
L1 Korean X Phoneme t. |-0.25|.32|-0.77 | >.1
Auditory t. X Phoneme t. | 1.34 | 46| 2.94 | <.01
E;igﬁgﬁ: Auditory &1y 45| 511284 | <01
I;;)E;;:rextmdimry Y ollo68 |52 132 =1

Note: df=3839; a = .05

Table 4. Logit regression model on all participants’ ac-
curacy results.

The model results revealed several key effects: a
main effect of L1, indicating that L2 learners (both
Spanish and Korean) exhibited different accuracy
patterns compared to native speakers; an interaction
between auditory type and L1 for Spanish and Ko-
rean learners, showing that, unlike native speakers,
these learners had varying accuracy when identify-
ing words with /b/ versus /v/; an interaction between
auditory type and phoneme type, suggesting that the
accuracy of identifying bilabial versus labiodental
sounds depended on whether the word was in the
match or mismatch condition; and a three-way in-
teraction between phoneme type, auditory type, and
L1, highlighting that Spanish speakers (but not Ko-
rean speakers) experienced varying difficulty in rec-
ognizing bilabial or labiodental sounds based on
whether the auditory word matched or mismatched
the written word.

To further explore the three-way interaction, three
additional linear mixed-effects models were con-
ducted to examine the effects of phoneme type and
auditory type separately for each of the three
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groups. The results of these models are presented in
Table 5 for native speakers, Table 6 for Spanish L2
learners, and Table 7 for Korean L2 learners.

Variable B |SE| z D
(Intercept) 3.07 |.32| 9.75 | <.001
Auditory type: Mismatch | -.21 |.23| -.73 | >.1
Phoneme type: Labiodent. | -.002 | .29 | -.007 | >.1
Auditory t. x Phonemet. | 1.14 | 48| 2.4 | <05

Note: df = 1248; a = .05

Table 5. Logit regression model on native speakers’ ac-

curacy results.
Variable B |SE| z P
(Intercept) 046 |.14| 3.36 | <.001
Auditory type: Mismatch | -.96 | .16 | -5.95 | <.001
Phoneme type: Labiodent. | .28 |.16| 1.77 | .08
Auditory t. X Phoneme t. | -.11 |.23| -48 | >.1

Note: df = 1344; a = .05

Table 6. Logit regression model on Spanish L2 learn-
ers’ accuracy results.

Variable B |SE| z y2
(Intercept) 1.16 | .16 | 7.06 | <.001
Auditory type: Mismatch |-1.32 | .18 |-7.22 | <001
Phoneme type: Labiodent. | -0.29 | .18 | -1.64 | >.1
Auditory t. x Phoneme t. | 0.67 | .25 | 2.67 | <.001

Note: df = 1247; a = .05

Table 7. Logit regression model on Korean L2 learn-
ers’ accuracy results.

The results highlighted a distinct difference be-
tween the groups. Native speakers (Table 5) showed
a main effect of auditory type, indicating that they
were better in the match than in the mistmatch con-
dition and an interaction between auditory type and
phoneme type, demonstrating statistically higher
accuracy in the mismatch condition when the audi-
tory stimuli featured a labiodental sound compared
to the other conditions. In contrast, the Spanish L2
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learners (Table 6) showed a main effect of auditory
type, indicating higher accuracy in the match condi-
tion than in the mismatch condition, along with a
marginal main effect of phoneme type, suggesting
slightly better accuracy in the labiodental condition
compared to the bilabial condition. Similarly to the
native speakers’ pattern, the Korean L2 learners
(Table 7) showed a main effect of auditory type, in-
dicating that they were better in the match than in
the mismatch condition and an interaction between
auditory type and phoneme type, demonstrating sta-
tistically higher accuracy in the mismatch condition
when the auditory stimuli featured a bilabial sound
compared to the other conditions.

3.6. Discussion

Experiment 2 aimed to explore how perceptual dif-
ficulties affect word recognition by examining
whether the challenges observed in Experiment 1
influenced learners’ ability to identify words and
how much of an effect the orthographic representa-
tion of words could have on this word recognition
ability. The results revealed a clear distinction be-
tween the groups. Native speakers had no difficulty
detecting the target words in the auditory stimuli,
whereas native Spanish and Korean speakers strug-
gled, particularly in the mismatch conditions. These
findings suggest that the absence of a phonemic dis-
tinction in the learners’ L1 hampers their ability to
recognize words that differ by the bilabial-labioden-
tal contrast in English. However, while Spanish L2
learners of English did only show a marginal inter-
action between the auditory and phoneme types,
both native speakers and Korean L2 learners
showed an interaction, which indicated that the ef-
fect of the fricative phoneme was larger in the mis-
match than in the match condition.

The word recognition issues observed may be re-
lated to L2 learners mistakenly activating compet-
ing words when encountering words with /b/ or /v/,
as indicated by the mismatch condition results. This
phenomenon, where L2 learners inadvertently acti-
vate competing lexical items, has been documented
in studies on L1-L2 category assimilation and word
recognition (e.g., Broersma & Cutler, 2011; Pallier
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et al., 2001; Weber & Cutler, 2004). Word recogni-
tion models (e.g., Marslen-Wilson, 1987; McClel-
land & Elman, 1986; Norris, 1994) suggest that
multiple lexical candidates are activated in parallel
and compete for recognition as listeners match in-
coming auditory information with stored lexical
representations. In L2 word recognition, words
from both the L2 and L1 may be activated, leading
to less efficient recognition when the L1 lacks a cor-
responding phonemic distinction. This can result in
the activation of competing words that are not pre-
sent in the auditory signal which, in turn, may hin-
der L2 word recognition.

The lack of group differences in the lexical famili-
arity test suggests that participants had comparable
phonological representations for the target words.
This supports the interpretation that group perfor-
mance differences in the Word Monitoring Task
were not due to differences in familiarity with the
lexical items but rather related to the processing of
orthographic and phonological information.

Another possibility is that these participants were
more influenced by the written word, as they
showed higher accuracy when the target word con-
tained a <v>. Interestingly, this pattern was only
marginal among the Spanish L2 learners but signif-
icant among native speakers and Korean L2 leaners.
While native speakers demonstrated high accuracy
across all conditions, they were particularly accu-
rate when they heard a labiodental sound but saw a
word containing the letter <b>. This interpretation
aligns with previous studies that have documented
the influence of orthography on the pronunciation
of [v] (Cartagena, 2002; Stevens, 2000; Takawaki,
2012; Torres Cacoullos & Ferreira, 2000; Trovato,
2017). In conclusion, the L1 phonemic inventory
constrains speech discrimination, and the resulting
lexical competition, modulated by visual-ortho-
graphic information, seems to account (at least in
part) for the pattern of results observed in Experi-
ment 2.
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3. General discussion and conclusion

This study aimed to investigate how perceptual
challenges in distinguishing between phonemes
might affect word recognition in L2 learners and
how these challenges could be influenced by ortho-
graphic cues, particularly focusing on the /b/-/v/ dis-
tinction. The findings reveal that both Spanish- and
Korean-speaking learners of English do face diffi-
culties distinguishing between [b] and [v], con-
sistent with previous research that attributes this
challenge to the allophonic nature of these sounds
in Spanish (e.g., Abramson & Lisker, 1970; Werker
& Tees, 1984) and its non-existence in Korean (e.g.,
Cho, 2009). In standard Spanish, [b] and [v] are not
distinct phonemes, which complicates their differ-
entiation in English, where they function as separate
phonemes. In contrast, the Korean phonemic inven-
tory does not include labial fricatives and consists
solely of labial stops: /p/, /ph/, /p’/, and the allo-
phone [b]. In line with current models of L2 pho-
netic perception, such as the Speech Learning
Model (SLM) (Flege, 1995) and the Perceptual As-
similation Model (PAM) (Best, 1995), these find-
ings highlight the impact of L1 phonemic invento-
ries on L2 perception. Both models propose that
perceived similarity between L1 and L2 sounds in-
fluences the difficulty of acquiring non-native con-
trasts, and this study’s results align with those pre-
dictions.

However, this study extends these findings by
demonstrating that these perceptual issues can hin-
der word recognition, particularly when visual-or-
thographic cues are involved. The word monitoring
task revealed differences in how participants pro-
cessed mismatched phoneme-grapheme pairs.
Spanish learners showed a marginally significant
effect in the mismatched condition where <b> was
seen but /v/ was heard, likely reflecting interference
from Spanish orthographic conventions, where <b>
and <v> are phonetically indistinguishable (Carta-
gena, 2002; Stevens, 2000; Takawaki, 2012). In
contrast, Korean learners did not exhibit this effect,
potentially due to their limited exposure to Roman
grapheme-phoneme mappings. The mismatch con-
dition suggests that learners, particularly L2
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learners, may have weaker mental representations
of the fricative /v/, which is either allophonic or ab-
sent in their L1 phonemic inventories. This mis-
match between /b/ and /v/ highlights the challenges
learners face when processing contrasts involving
phonemes not robustly represented in their native
languages (Abramson & Lisker, 1970; Flege & Hil-
lenbrand, 1984; Hayes-Harb & Masuda, 2008).
While these findings underscore the influence of or-
thographic conventions on L2 learners’ phoneme
perception and word recognition, the evidence is
limited to specific conditions. Further research is
needed to explore whether these effects generalize
to other mismatched grapheme-phoneme pairs and
to disentangle orthographic influence from phono-
logical and experiential factors.

A methodological consideration in this study is the
inclusion of fillers in the AXB task. These fillers
were originally incorporated to prevent participants
from focusing exclusively on the /b/-/v/ contrast,
with the aim of encouraging a more natural engage-
ment with the task. However, as AXB tasks typi-
cally do not require fillers to assess perceptual sen-
sitivity, their necessity in this context remains open
to discussion. While alternative approaches, such as
control items, could have been included to assess
task reliability, the methodological choice to use
fillers reflects an underexplored area in phonetic
contrast research. Future studies could examine
whether and how the presence of fillers influences
perceptual outcomes in AXB tasks. In the mean-
time, the results of this study should be interpreted
with this consideration in mind.

This study offers insights into how orthographic
systems influence L2 phonological perception by
comparing Spanish and Korean learners. Spanish
participants showed a marginal effect, reflecting
their orthographic convention of treating <b> and
<v> as interchangeable, while Korean learners,
whose L1 lacks both sounds, often substituted them
with the lenis stop /p/ (Kong et al., 2011; Lee &
Jongman, 2012; Brown & Yeon, 2015). Exposure
to Romanization systems may have familiarized
Korean learners with Roman letters, creating asso-
ciations between English phonemes and Romanized
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counterparts (King, 2002; Sohn, 2001; Park, 2009).
This comparison highlights how native and bor-
rowed orthographic systems shape L2 phonological
processing and underscores the complex role of or-
thography in language learning. Interestingly, the
proficiency level did not significantly affect the re-
sults, which contrasts with some earlier studies
(e.g., Takawaki, 2012; Timm, 1976). This might
suggest that the influence of L1 phonemic inventory
on L2 perception is robust and persists across dif-
ferent proficiency levels. However, this finding
should be interpreted with caution, as the profi-
ciency test used primarily measured visual language
skills, potentially overlooking differences in audi-
tory perception. Future research should explore
whether assessing proficiency through more aurally
focused tests might reveal a stronger correlation be-
tween proficiency and L2 phonemic contrast recog-
nition and also try to test a broader range of profi-
ciencies.

In conclusion, this study contributes to our under-
standing of how orthographic systems shape phono-
logical perception and word recognition in L2 learn-
ing. By comparing Spanish and Korean learners, it
underscores the complex interplay between written
and spoken language in L2 acquisition. The findings
suggest that orthographic forms can have a signifi-
cant impact on L2 learners’ ability to distinguish
and recognize phonemic contrasts, highlighting the
importance of considering both auditory and visual
modalities in L2 instruction and assessment.
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Appendix A: AXB Materials

Martinez Garcia

stive stibe bant vent beln veln
bede- vede bemif vemif baston vaston
morbal morval gobl govl babr bavr

gob gov bomt voint mirbl mirvl
forbe-  forve- lobalz lovelz bes ves

leb lev raiblk rarvlk mibroz mivroz

Appendix B: Word Monitoring Task Materials

Forms with /b/ | Forms with /v/ ‘

| Forms with /b/ | Forms with /v/ ‘

‘ Forms with /b/ | Forms with /v/

bail weil bending vending dribble drivel
bailed veiled bends vends dub dove
bailing veiling best vest dubs doves
bails veils bet vet fibre fiver
balance valance biking viking fibres fivers
bale vale boat vote gabble gavel
ballet valet boats votes lobes loaves
bane vain bolt wvolt marble marvel
banish vanish bow vow marbled marvelled
banished vanished bowel vowel marbles marvels
banishes vanishes bury very rebel revel
banishing vanishing bye vie rebels revels
bat vat curb curve robe rove
bats vats curbed curved robed roved
bend vend curbing curving robes roves
bended vended curbs curves robing roving

128



