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Introduction

Orthographic learning refers to the dynamic ability to store 
word-specific orthographic representations and acquire 
generic spelling patterns, which is fundamental for the 
development of reading fluency (Deacon et al., 2019). 
According to the self-teaching hypothesis (Share, 1995, 
1999), phonological decoding contributes to the formation 
of orthographic memory traces through repeated exposure 
to novel words, either embedded in meaningful texts 
(Share, 1999, Experiment 1) or presented in isolation 
(Share, 1999, Experiments 2 and 3). This hypothesis high-
lights the central mechanism of phonological decoding in 
developing orthographic knowledge. In this sense, readers 
have more chances to store the orthographic form of a 
novel item when they can decode it successfully (Pritchard 
et al., 2018; Ricketts, 2011; Ziegler et al., 2014) and hence 
to rely on the newly acquired word-specific orthographic 
representation for its direct word recognition (Share, 
2008). The self-teaching hypothesis has been successfully 
tested in studies conducted with adults (e.g., Kwok & 

Ellis, 2015; Maloney et al., 2009) and children (e.g., 
Bowers et al., 2005; Suárez-Coalla et al., 2016) and across 
different languages including Spanish (Álvarez-Cañizo 
et al., 2018; Suárez-Coalla et al., 2016), Dutch (de Jong & 
Share, 2007; Martens & de Jong, 2006), French (Bosse 
et al., 2015; Ginestet et al., 2020), English (Cunningham, 

Struggling with L2 alphabet: The role of 
proficiency in orthographic learning

 

Yang Fu1 , Beatriz Bermúdez-Margaretto2, Huili Wang3,  
Dong Tang4, Fernando Cuetos5 and Alberto Dominguez1

Abstract
The present study examined the process of L2 orthographic learning in bilinguals with distant L1–L2 orthographies. 
Chinese–English bilinguals with various English proficiency levels were trained with novel L2 words during a reading task. 
In contrast to higher proficient learners, those with lower L2 proficiency exhibited increased effects of length, frequency, 
and lexicality across exposures and at-chance recognition of trained words. Importantly, an additional post-training task 
assessing the lexical integration of trained words evidenced the engagement in different L1–L2 reading strategies across 
different levels of L2 proficiency, hence suggesting the L1 holistic processing at the base of the effortful establishment 
of L2 orthographic representations shown by lower-proficient learners. Overall, these findings indicate the role of L2 
proficiency in the influence that cross-linguistic variation exerts on L2 orthographic learning and highlight the need for 
English education programmes to tackle specific grapheme-to-phoneme skills in non-alphabetic target communities.

Keywords
Orthographic learning; phonological decoding; self-teaching; GAMM; biliteracy

Received: 12 January 2022; revised: 10 January 2023; accepted: 12 January 2023

1 Instituto de Neurociencia (IUNE), Universidad de La Laguna, La 
Laguna, Spain

2Faculty of Psychology, Universidad de Salamanca, Salamanca, Spain
3 School of Foreign Languages, Hangzhou City University, Hangzhou, 
China

4 Faculty of Information Technology, University of Jyväskylä, Jyväskylä, 
Finland

5Facultad de Psicología, Universidad de Oviedo, Oviedo, Spain

Beatriz Bermúdez-Margaretto is also affiliated to Instituto de 
Integración en la Comunidad (INICO), Salamanca, Spain

Corresponding author:
Beatriz Bermúdez-Margaretto, Faculty of Psychology, Universidad de 
Salamanca, Castilla y León, Salamanca 37008, Spain. 
Email: bermudezmargaretto@usal.es

1154910QJP0010.1177/17470218231154910Quarterly Journal of Experimental PsychologyFu et al.
research-article2023

Original Article

https://uk.sagepub.com/en-gb/journals-permissions
http://qjep.sagepub.com
mailto:bermudezmargaretto@usal.es
http://crossmark.crossref.org/dialog/?doi=10.1177%2F17470218231154910&domain=pdf&date_stamp=2023-02-22


2 Quarterly Journal of Experimental Psychology 00(0)

2006; Cunningham et al., 2002; H. C. Wang et al., 2011), 
and Chinese (Y. Li, Li, & Wang, 2020; L. Li, Marinus, 
et al., 2021). Findings in these studies consistently prove 
that a relatively small number of decoding attempts, 
involving from four to six exposures, is sufficient for 
native skilled readers to create durable lexical representa-
tions, which can indeed remain largely intact over variable 
periods of time tested, from a short interval (Nation et al., 
2007) to some days (Bowey & Muller, 2005; Kwok & 
Ellis, 2015; H. C. Wang et al., 2011), or even a month later 
(Kwok et al., 2017; Share, 2004; Suárez-Coalla et al., 
2016).

The aforementioned findings provide robust evidence 
regarding the acquisition of reading fluency in the native 
language. Nonetheless, considering the current globalised 
community in which proficient reading and written com-
munication skills are also essential in a second language 
(L2), there is an impelling need to understand the nature of 
orthographic learning processes in L2. Whereas there are 
some recent examples of self-teaching research conducted 
in L2 (Chung et al., 2019b; Y. Li, Wang, & Espinas, 2021; 
Schwartz et al., 2014), this literature is still very scarce and 
important questions remain unsolved, particularly regard-
ing the influence of orthographic variations across both L1 
and L2. The aim of the present study is precisely to inves-
tigate the impact of distant L1–L2 reading strategies on the 
process of L2 orthographic learning.

In this line, L1–L2 orthographic variation might compro-
mise the efficiency of visual word recognition processes in 
L2 and ultimately, the development of L2 reading fluency. 
L1 features might influence the preferred reading strategy 
for L2, thus interfering with L2 processing, primarily when 
both orthographic systems rely on different processes. The 
case of Chinese–English, as one of the most distant L1–L2 
pairs, is particularly relevant, considering that English is the 
most prevalent L2 spoken worldwide (Eberhard et al., 
2021), and Chinese is the language spoken by the greatest 
number of people in the world (Eberhard et al., 2020). The 
differential mechanisms underlying orthographic process-
ing in these two languages have been manifested in simula-
tion data of English (Harm & Seidenberg, 2004) and Chinese 
reading networks (J. Yang et al., 2006, 2013), pointing to 
more systematic letter-to-sound mappings and finer-grained 
phonological processing in English than in Chinese (see 
Smith et al., 2021 for a recent connectionist triangle model 
of reading). Chinese reading, in contrast, is primarily char-
acterised by a holistic orthographic analysis, with direct 
mapping between visual form and sound (Hu, 2013; Perfetti 
et al., 2012). Accordingly, experimental data have demon-
strated that Chinese–English bilinguals generally adopt a 
strategy biased towards L1 when reading English as an L2, 
exhibiting a visual orthographic analysis (Ben-Yehudah 
et al., 2019; Hamada & Koda, 2008, 2010a, 2010b; Pae 
et al., 2017; M. Wang & Koda, 2005), that ultimately affects 
the efficient decoding and visual word recognition of L2 

English words (Hamada & Koda, 2008). Such a disadvanta-
geous position for Chinese–English learners is in fact com-
mon to many other bilinguals, considering that English 
exhibits an outlier orthography compared with most lan-
guages (Share, 2008). In addition to these findings, a good 
number of studies have reported that the likelihood of L1 
activation (and hence interference) during L2 word process-
ing decreases as a function of L2 proficiency increase, 
resulting in less effortful and more L1-independent process-
ing of the L2 (e.g., Berghoff et al., 2021; Cuppini et al., 
2013; Stein et al., 2009). Therefore, the level of L2 profi-
ciency may indeed dictate the employment of phonological 
decoding or more holistic identification of L2 written words 
in distant L1–L2 bilinguals.

Despite the fact that the impact of such L1–L2 ortho-
graphic variation in L2 visual word recognition has been 
explored together with the modulatory role of L2 profi-
ciency, the putative influence of L1 strategies on the func-
tioning of the self-teaching mechanism remains unclear. 
Indeed, the few studies that focused on L2 orthographic 
learning have yielded rather inconsistent findings. Some of 
them found poor orthographic learning outcomes and sug-
gested that orthographic L1–L2 distance may impair 
orthographic learning (Cheng, 2017; Chung et al., 2019b; 
Schwartz et al., 2014; van Daal & Wass, 2017). These 
studies inform of weaker decoding skills in L2 learners 
(e.g., Chung et al., 2019b), particularly evident in distant 
rather than close L1–L2 pairs (e.g., Schwartz et al., 2014). 
Therefore, such underperformance in L2 learners might 
indeed be particularly detrimental to self-teaching mecha-
nisms through phonological decoding. Moreover, as 
observed in L2 visual word recognition studies, L2 profi-
ciency seems to play a crucial role in the influence of L1 
orthographic features on L2 orthographic learning, as this 
influence was found attenuated at relatively high L2 profi-
ciency levels (Chung et al., 2019b). In this regard, the pro-
posed Interactive Transfer Framework (Chung et al., 
2019a) points to L2 proficiency as one of the factors that 
determine the impact of L1 orthographic features on L2 
orthographic acquisition. On the contrary, other L2 self-
teaching studies have provided results indicative of suc-
cessful orthographic learning in L2 (Y. Li et al., 2022; Y. 
Li, Wang, & Espinas, 2021; Webb, 2005, 2007), even in 
the case of highly orthographically distant L1–L2 pairs 
(e.g., Chinese-English, Y. Li, Wang, & Espinas, 2021). In 
the study of Y. Li, Wang, and Espinas (2021), post-training 
accuracy rates obtained in spelling and visual recognition 
tasks revealed a fast L2 orthographic learning in Chinese–
English learners, after just a few exposures to novel words, 
hence in line with self-teaching L1 findings. In that study, 
novel L2 words were embedded in texts which, impor-
tantly, could lead to the activation of top-down mecha-
nisms that might ameliorate the putative impact of L1–L2 
orthographic variation. Nonetheless, Y. Li, Wang, and 
Espinas (2021) reported no significant correlation between 
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the decoding accuracy of pseudowords and orthographic 
learning outcomes. Although the authors hypothesised that 
this pattern might be a consequence of their participants 
utilising an L1 reading approach during L2 orthographic 
learning, hence relying more on lexical than phonological 
information, this alternative explanation needs specific 
verification.

Considering this body of evidence, the question regard-
ing the putative influence of L1–L2 variation in the pro-
cess of L2 orthographic acquisition remains unclear. The 
present study sought to extend this research and further 
contribute to the understanding of L2 orthographic learn-
ing, making use of more informative behavioural indices 
collected both during the training and in the post-training 
phase. In particular, L2 self-teaching was examined in 
Chinese–English readers, focusing on the role of L2 profi-
ciency over the course of exposures to novel L2 word-
forms, while controlling the access to semantic information. 
This control would prevent compensatory effects led by 
the context, allowing us to scrutinise the modulation of 
purely orthographic processes over repeated exposure to 
novel word-forms.

Therefore, during the training phase, Chinese–English 
adult participants with various levels of L2 English profi-
ciency were presented with short and long novel and high- 
and low-frequency words throughout 10 exposures; 
modulations in the length effect (i.e., the difference between 
long and short items, e.g., Weekes, 1997), the lexicality 
effect (i.e., the difference between very familiar and novel 
words, e.g., Forster & Chambers, 1973) and the frequency 
effect (i.e., the difference between high- and low-frequency 
words, e.g., Monsell et al., 1989) were evaluated across rep-
etitions, both in terms of reading latencies and accuracy 
rates, as a function of L2 proficiency. Reductions of these 
effects through exposures with novel and low-frequency 
words have been proven as robust indices of orthographic 
representation and lexical route usage in L1 learning studies. 
Thus, in contrast to a highly familiar word, when novel 
words (or very unfamiliar words) are encountered, their 
reading can only be achieved via sub-lexical processing by 
applying serial grapheme-to-phoneme decoding, with read-
ing latencies increasing with the number of letters (Coltheart 
et al., 2001; Pritchard et al., 2018; see also Fu et al., 2020 for 
a recent review). As novel words become familiar through 
repeated exposures, the effects of length (Maloney et al., 
2009) and lexicality (Bermúdez-Margaretto et al., 2022) 
become reduced or even absent, indicating the formation of 
new representations that allow a direct, parallel visual recog-
nition (see also Álvarez-Cañizo et al., 2018; Kwok & Ellis, 
2014, 2015; Kwok et al., 2017; Maloney et al., 2009; Suárez-
Coalla et al., 2016). As similarly occurs for lexicality, the 
frequency effect tends to be stronger for long than for short 
items and it is also found reduced with repeated exposures 
(e.g., Kwok et al., 2017), a result considered to reflect the 
strengthening of existing representations through repetition. 

Therefore, a detailed analysis of the modulation of these 
variables through an exposure-by-exposure scrutinisation of 
the L2 self-teaching mechanism and, importantly, in the 
absence of semantic confounding factors, was expected to 
provide specific information regarding the putative cost of 
L1–L2 variation for the acquisition of new L2 orthographic 
representations.

The post-training phase included a word recognition 
task of previously trained words as a classical assessment 
of orthographic learning. In addition, we decided to employ 
a more specific manipulation in this phase that could help 
to reveal the transfer of L1 strategies in the process of L2 
orthographic learning. In particular, an interference para-
digm was used during a lexical decision task. Participants 
were presented with non-trained pseudowords orthographi-
cally related to those stimuli previously trained (differing in 
one letter), together with unrelated pseudowords and filler 
familiar words. This paradigm has been proven to inform 
about the lexical integration of trained stimuli in previous 
L1 learning studies (Bermúdez-Margaretto et al., 2022; 
Bowers et al., 2005; Leminen et al., 2016; Merkx et al., 
2011), as a function of the interference caused by newly 
established representations in the categorisation of ortho-
graphically related pseudowords as non-lexical items. 
Importantly, this paradigm was also expected to provide 
valuable information regarding the putative L1 transfer 
during L2 visual word recognition processes.

Regarding our hypotheses, as previous works have 
reported successful L2 self-teaching even in distant 
Chinese–English orthographies (e.g., Y. Li, Wang, & 
Espinas, 2021), one might expect no detrimental impact of 
L1–L2 orthographic variation over the course of training 
exposures. If that is the case, the efficiency in the use of the 
self-teaching mechanism should be observed in the pro-
gressive reduction of length, frequency, and lexicality 
effects during the training, both in terms of accuracy and 
speed at which reading transitions from a sub-lexical, 
length-sensitive processing to a lexical processing as a 
result of storing and accessing orthographic representa-
tions. Therefore, a successful phonological decoding 
through self-teaching would help Chinese bilinguals to 
store new L2 orthographic representations for novel words 
across exposures. That would also be reflected in post-
training outcomes, with these participants showing recog-
nition of previously trained stimuli significantly above 
chance, as well as a significant interference during the cat-
egorisation (as non-real words) of pseudowords ortho-
graphically related to those presented in training. Notably, 
the efficient categorisation of these neighbour pseudow-
ords as non-lexical stimuli (“no” responses) is only possi-
ble using a phonological, L2 decoding strategy which in 
turn would increase categorisation latencies. Therefore, it 
was expected that these participants would show an inter-
ference effect in terms of latency. Hence, the specific 
orthographic neighbourhood manipulation carried out in 
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this task was expected to inform about the engagement of 
Chinese–English bilinguals in L2 phonological decoding 
despite their holistic-based L1 background, thus indicating 
that L1–L2 variations do not hinder L2 orthographic 
learning.

Alternatively, we hypothesised that L1–L2 variation 
would negatively impact L2 orthographic learning. If that 
is the case, participants’ L2 proficiency level was expected 
to modulate the cost of such L1–L2 variation, as this vari-
able has been shown as the main modulator of L1 transfer 
in previous L2 word processing studies. Thus, participants 
with lower proficiency levels would engage in a more 
effortful phonological decoding than their high-proficient 
peers, hence showing a diminished capability to develop 
new L2 orthographic representations through self-teach-
ing. That would be observable in poor or non-significant 
reduction of length, frequency and lexicality effects along 
the training, showing a flat-trend in this modulation in 
comparison to a sharper learning trajectory expected by 
high L2 proficiency participants. Post-training learning 
outcomes might also reflect differences as a function of L2 
proficiency, with low proficient bilinguals showing a 
reduced capability to correctly recognise previously 
trained stimuli, given their lack (or weakness) representa-
tion in the lexicon in comparison to those participants with 
higher proficiency. Similarly, participants with lower pro-
ficiency might show poor or no interference effect in the 
lexical decision task, especially in terms of latency, during 
the categorisation of orthographically related pseudow-
ords in comparison to their high-proficient peers. Critically, 
the engagement of these participants in the L1-based read-
ing strategy would lead to a superficial, holistic analysis 
during the categorisation of neighbour pseudowords, 
instead of following a letter-by-letter, phonological decod-
ing approach. That would result in the commission of more 
errors (“yes” responses for these non-lexical stimuli), 
hence causing a higher interference in accuracy rather than 
in latency.

Method

Participants

Sixty-one Chinese students from the Dalian University of 
Technology were recruited for the study. However, the par-
ticipation of 13 of them was discarded due to poor scores 
in preliminary tests (see details of the selection procedure 
in Supplementary Materials A in https://osf.io/exnd5/). 
The final sample comprised 48 native speakers of Chinese 
with normal or corrected-to-normal vision. None of them 
was reported as an early bilingual of any other language or 
with the history of reading or language disabilities. They 
received a monetary compensation (€8) for their participa-
tion in the study. Ethical approval was obtained from the 
Ethics Committee of Dalian University of Technology 

(Registration number: 2021-101) and University of La 
Laguna (Registration number: CEIBA2021-3104).

Participants recruited for the study had English as their 
L2. All of them were college-level learners who had 
attended weekly English courses and reached at least a 
low-advanced level of English proficiency as a prerequi-
site for academic studies. Thus, some achieved the College 
English Test Band 4 (an elementary standardised test of 
English proficiency) or scored at least 80 or 6.0 in TOEFL 
or IELTS (Tests of English as a Foreign Language), respec-
tively, while some others either passed the Test for English 
Majors-Band 8 (the highest-level standardised test of 
English proficiency) or scored above 105 or 7.5 in TOEFL 
or IELTS, respectively. Nonetheless, to better determine 
their level of L2 proficiency, a battery of subjective and 
objective preliminary tests was carried out, including the 
Language History Questionnaire 3 (LHQ 3, Li, Zhang 
et al., 2020), DIALANG diagnostic system (Zhang & 
Thompson, 2004), word translation task, word and pseu-
doword reading task (based on Snowling et al., 1986; C. 
Wang et al., 2019; Z. Yang et al., 2016), phonological 
awareness task (CTOPP; Wagner et al., 1999), digit span 
task (Harrington & Sawyer, 1992), and word/nonword 
span task (Weekes, 2018). See Figure 1 for a summary of 
the assessment results, showing the main differences in 
proficiency-related variables across groups. Importantly, 
L2 proficiency level was treated in the present study as a 
continuous variable to avoid issues derived from dichoto-
mising this variable (see DeCoster et al., 2011; Maxwell & 
Delaney, 1993). Nonetheless, with the purpose to explore 
the effect of L2 proficiency levels in subsequent steps of 
our analyses, participants were equally divided into two 
groups according to scores obtained in these tests: a high 
proficient English group (hereinafter HPG, including 24 
participants) and a low proficient English group (hereinaf-
ter LPG, including 24 participants). Notably, in the present 
study, high L2 proficiency was defined by more extensive 
immersion-based exposure to L2 (as indexed by LHQ 3) 
and larger vocabulary sizes (as indexed by DIALANG and 
word translation task). See Supplementary Materials A in 
https://osf.io/exnd5/ for details regarding the recruitment, 
implementation of tests, and scores obtained.

Power considerations

Statistic power estimation was conducted by using the 
simulate function from the lmer4 package (Bates et al., 
2015) in R 3.6.3 version (R Core Team, 2018). A total of 
1,000 new datasets with n participants, based on reaction 
time (RT) data obtained in Kwok et al. (2017, English data 
on Day 1), were simulated to determine the sample size of 
the present study. Trials in this dataset were randomly 
labelled as missing trials and excluded from the data set. 
Then, we carried out 1,000 simulations by including the 
same model structure (fixed effects for Exposures, Length, 

https://osf.io/exnd5/
https://osf.io/exnd5/
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and Stimuli Type, random intercepts for participants and 
items, and by-participant random slopes for Exposures and 
Length) used in Kwok et al. (2017). The percentage of 
models in which significant main effects and interactions 
were detected (for which p < .05) was considered as the 
estimation for statistical power. For n = 22 simulated par-
ticipants, the simulation including 1,000 iterations returned 
a statistic power of 1 for main effects, two-way interac-
tions, and three-way (Exposures × Length × Stimuli Type) 
interaction (i.e., in all 1,000 simulation runs, the model 
detected significant main effects and interactions). Note 
that in Kwok et al. (2017), power estimates were obtained 
based on the fitted model with the fixed term Exposures as 
an integral factor. In a more traditional way, when treating 
Exposures as an ordinal factor (with each block of expo-
sure being a certain level), the power estimates are reduced 
to 0.857 for the detection of the Exposures × Length × Stimuli 
Type three-way interaction. We opted for power estimates 
above 0.8 as the model was estimated on data after exclud-
ing outliers, and the estimated parameter should settle on 
the true expected value.

Materials

All materials used in the study can be accessed in 
Supplementary Materials B (https://osf.io/exnd5/). For the 
training session, the same stimuli set used in Kwok et al. 
(2017) were presented in a reading aloud task. In particular, 
72 experimental stimuli, divided into 24 high-frequency 

words, 24 low-frequency words, and 24 pseudowords (to 
function as novel words) were presented. Each set con-
tained 12 four-letters monosyllabic items and 12 seven-
letters bi-syllabic items. Frequency measures were taken 
from SUBTLEX-UK, expressed as log frequency Zipf val-
ues (van Heuven et al., 2014). Pseudowords, generated by 
the WordGen program (Duyck et al., 2004), were ortho-
graphically and phonologically legal letter strings which 
had one obvious, canonical pronunciation according to the 
standard grapheme-to-phoneme correspondence rules of 
English. Stimuli were matched across conditions on initial 
letters, initial phonemes, mean word frequency (for high- 
and low-frequency words only) and the mean log bigram 
frequency (see Table 1). None of stimuli started with voice-
less fricative phonemes (“f,” “s,” “sh,” or “th”) to optimise 
voice key activation.

Post-training session consisted of two tasks, namely 
lexical decision and word recognition tasks. For the lexical 
decision task, a new set of 72 pseudowords was created by 
substituting one phoneme from the 72 stimuli (high-, low-
frequency words, and novel words) presented in the train-
ing session (in the first, middle, or final position of each 
source word, for example, dempton–bempton). These 
orthographically related pseudowords were matched to the 
source items in letter length, syllable length, and mean log 
bigram frequency. Furthermore, another set of 72 unre-
lated pseudowords and 144 filler words, both sets non-
previously presented during the training, were generated 
by WordGen (Duyck et al., 2004). Unrelated pseudowords 

Figure 1. Radar plot of the preliminary tests data.
Each point represents the mean score (from 0 to 1) obtained for each group across the tests used. The tests used included: Language History Ques-
tionnaire (LHQ 3.0, Proficiency + Immersion), DIALANG diagnostic system (preliminary-level test), word translation task (WTT), word (WRT+)/
pseudoword (WRT−) reading tasks, phonological awareness task (PAT), and digit (DST)/word (WST+)/nonword (WST−) span tasks. Proficiency 
level, measured through DIALANG test, was treated as a continuous variable across the whole population in the following models.

https://osf.io/exnd5/
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and filler words were matched to related pseudowords in 
letter and syllable length, initial letter, and mean log 
bigram frequency (see Table 1 for details). Therefore, a 
total of 288 trials were included in this task (72 related 
pseudowords and 72 new unrelated pseudowords, both to 
be responded with “NO” during the lexical decision task as 
non-lexical items, and 144 filler words, to be responded 
with “YES” as lexical items).

For the word recognition task, the same set of 72 stim-
uli as presented in the training session was used (namely, 
high-, low-frequency words, and novel words). In addi-
tion, twice the number of fillers (non-previously trained 
stimuli) were selected for each experimental condition 
(i.e., 48 high-frequency words, 48 low-frequency words, 
and 48 pseudowords) and included as “NO” responses 
(i.e., non-previously presented during the training). 
Therefore, a total of 216 trials were presented in the recog-
nition task. All stimuli used in the study can be accessed in 
Supplementary Materials B (https://osf.io/exnd5/).

Procedure

Stimuli were displayed in black, lower-case letters (18-
point Times New Roman font) over a white background at 
the centre of a computer screen using E-Prime software 
(Version 2.0, Psychology Software Tools, Inc., Pittsburgh, 
PA). In the training session, stimuli were presented across 
10 consecutive blocks of exposures in a random order 
within each block. Participants were instructed to read 
each item aloud as quickly and accurately as possible. 
Each trial consisted of a fixation cross displayed at the 
centre of the screen for 1,000 ms, followed by a stimulus 
(word or pseudoword) for 2,000 ms; a blank screen was 
then presented for 1,000 ms. A voice key incorporated into 
a serial response box (SR Box, Psychology Software) was 
used to record participants’ utterances along the reading 
aloud task. Both accuracy and latency indices were 
recorded.

Following the training session, participants underwent 
the post-training session (lexical decision and recognition 

tasks) after a 10-min break. The session began with a lexi-
cal decision task in which participants were instructed to 
decide as quickly and as accurately as possible whether 
each stimulus was an English word (by pressing “J” with 
their right hand) or not (by pressing “F” with their left 
hand). Each trial consisted of a fixation cross displayed 
pseudo-randomly between 500 and 600 ms (jitter of 
100 ms with 50-ms step), followed by a blank screen pre-
sented for 250–300 ms, and subsequently by the target 
stimulus, which remained on the screen until participants’ 
response. After the lexical decision task, participants 
completed a 2-min arithmetic distractor task to minimise 
contamination from the previous task. In this task, partici-
pants were required to count back from the number 269 in 
step of 3. Following the distractor task, participants under-
went the word recognition task. Each trial consisted of a 
fixation cross displayed pseudo-randomly between 500 
and 600 ms (jitter of 100 ms with 50 ms step), followed by 
a blank screen for 250–300 ms, and subsequently by the 
target stimulus, which remained on the screen until par-
ticipants responded. They were instructed to decide 
whether each stimulus had been presented in the initial 
training session (by pressing “J” with their right hand) or 
not (by pressing “F” with their left hand) and to respond 
as quickly and accurately as possible. Both accuracy and 
latency indices were recorded in the two post-training 
tasks.

Data trimming and statistical modelling

Data from five participants were eliminated due to failures 
to activate the voice key, leaving 43 participants (HPG: 22, 
LPG: 21) for further data analysis. In the training session, 
means of correct responses obtained for each group were 
97.75% (HPG) and 96.83% (LPG), resulting at ceiling in 
each stimulus type across all blocks of trials (>93%). Thus, 
analyses of training data were focused on naming latencies. 
Naming errors and no responses (6.3%), as well as data 
points that deviated a range of ±2.5 standardised residual 
errors (model criticism, see Baayen et al., 2008) were 

Table 1. Mean word frequency (Zipf) and mean log bigram frequency (SDs shown in brackets) matched across the experimental 
conditions for stimuli presented in the training and post-training sessions.

Training session

 Four letters Seven letters

 High-freq. Low-freq. Pseudo High-freq. Low-freq. Pseudo

Word frequency 5.12 (0.20) 3.79 (0.31) – 5.02 (0.24) 3.65 (0.47) –
Bigram frequency 3.38 (0.15) 3.32 (0.22) 3.38 (0.12) 3.38 (0.10) 3.30 (0.19) 3.39 (0.09)

Post-training session—Lexical Decision Task

 Related pseudowords Unrelated pseudowords

Bigram frequency 3.53 (0.16) 3.55 (0.08)

https://osf.io/exnd5/
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excluded from the analysis (2.6%, n = 753). Afterwards, the 
models were refitted on the truncated dataset, including a 
total of 28,195 data points.

Naming latencies obtained in the training session were 
analysed by generalised additive mixed-effects modelling 
(GAMMs), using the mgcv package (Wood et al., 2016) 
for model fitting and itsadug package for visualisation 
(van Rij, Wieling, et al., 2017) in R environment. GAMM 
represents an extension to the linear modelling context that 
enables the application of curvilinear relationship (i.e., 
smooths) to predictors. In this sense, predictors can be cat-
egorised into parametric terms (equivalent to fixed and 
random effects) and smooth terms. Random smooths are 
conceptually comparable to random slopes and intercepts 
in the mixed-effect framework. Thus, the GAMMs 
approach allowed us to fit curves constrained to learning 
trajectory shapes as a function of parametric effects, which 
are essential in avoiding anti-conservative models. In the 
present study, we followed Pedersen et al. (2019) and used 
hierarchical GAMMs to understand how different smooth 
relationships vary between conditions. In this way, differ-
ences in the fitted curve for each term (i.e., considering 
one term for each level of the factor) can be formally tested 
for statistical significance by its comparison against the 
total smooth function. Thus, we conducted a maximal 
modelling structure including parametric effects for differ-
ent types of stimuli (i.e., high-frequency, low-frequency, 
and novel words with either long or short length) to account 
for possible differences in the intercept, as well as random 
intercepts for Participants and Items. Thin plate regression 
splines were applied (1) as a reference smooth to Exposure 
(10 blocks of exposure), (2) as a difference smooth to 
Exposure conditioned on types of stimuli across groups, 
and (3) as a random smooth factor (the non-linear equiva-
lent to a combination between random intercepts and ran-
dom slopes) across Exposure by Participants. For L2 
proficiency levels, DIALANG self-assessment scores 
were chosen as an index of participants’ proficiency, given 
the strong significant correlation between these scores and 
the translation task scores (rho = 0.96, HDI [0.95, 0.97]) 
and considering this tool as a more ecological measure-
ment which also assesses participants’ conversational 
skills. The interaction between Proficiency and Exposure 
was included by means of a tensor product smooth. 
Furthermore, the interaction between Proficiency and 
Exposure conditioned on different types of stimuli was 
specified using the partial tensor product smooth. Thus, 
the model included the shapes of learning curves and vari-
ous L2 proficiency levels (global curves) plus word-type-
specific curves (word length and stimuli types) that were 
penalised for being close to the mean function. We used 
Package itsadug (van Rij, Wieling, et al., 2017) and tidymv 
(Coretta, 2019) for visualisation of the estimated differ-
ences between (1) long and short length in terms of differ-
ent types of stimuli (i.e., Length effect across Stimuli Type 

condition), (2) high- and low-frequency words with long 
and short length (i.e., Frequency effect across Length con-
dition), and (3) high-frequency and novel words with long 
and short length (i.e., Lexicality effect across Length 
condition).

For post-training data, we fitted Bayesian linear mixed-
effect models to response latencies (inverse Gaussian dis-
tribution, i.e., −1,000/RT) and Bayesian generalised 
mixed-effect models (Bernoulli distributed with a logit link 
function) to accuracy data, with maximal random effects 
structure using the package brm (Bürkner, 2018). See also 
van Viersen et al. (2022) and Casillas (2020) for the appli-
cation of the same combination of methodology for training 
and post-training data in the context of orthographic learn-
ing via self-teaching. For the lexical decision task, the three 
subsets of pseudowords related to previously trained stim-
uli (namely, those related to high-frequency words, to low-
frequency words and to novel words) were analysed 
separately; for each subset, the models considered the 
effects of Related Orthography (related vs. unrelated pseu-
dowords), L2 proficiency, and their interaction. For the 
recognition task, the models considered Stimuli Type 
(high-frequency, low-frequency, and novel words), L2 pro-
ficiency and their interaction. In both tasks, the continuous 
variable L2 proficiency was standardised, whereas categor-
ical variables were encoded with sequential difference con-
trasts (for 2-level predictor Related Orthography: (1/2, 
−1/2); for 3-level predictor Stimuli Type: (−2/3, 1/3, 1/3) 
and (−1/3, −1/3, 2/3), i.e., high- vs. low-frequency ~ fre-
quency effect, and high-frequency vs. novel ~ lexicality 
effect), derived using the hypr package 0.1.7 (Rabe et al., 
2020; Schad et al., 2020). Regularising, weakly informa-
tive priors with a Cauchy distribution (Gelman & Carpenter, 
2020; Gelman et al., 2017) were applied to estimate predic-
tive parameter values. Hamiltonian Monte Carlo sampling 
(Hoffman & Gelman, 2011) was carried out using four 
chains to draw samples from the posterior predictive distri-
bution. The potential scale reduction factor (R ), which was 
reported for all of the models to be below 1.01, was used to 
determine if models had effectively converged (Brooks & 
Gelman, 1998). We defined a region of practical equiva-
lence (ROPE) around a point null value of 0, as well as the 
maximum probability of effect (MPE), to assess our 
hypotheses (see Kruschke & Liddell, 2018). We applied 
four statistics to describe the posterior distribution: (1) the 
posterior mean, (2) the highest density credible interval 
(HDI), (3) the ROPE, and (4) the MPE. In general, a poste-
rior distribution for a parameter with 95% of the HDI fall-
ing outside the ROPE and with a high value of MPE (i.e., 
values close to 1) is considered compelling evidence for a 
given effect. Furthermore, the relationship between indi-
vidual phonological decoding efficiency (measured as the 
reduction of length and lexicality effects across blocks in 
the training session) and the outcomes of orthographic 
learning (measured as correctly recognised novel words in 
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the word recognition task) was investigated by means of 
Pearson correlation coefficient. All R code and data 
obtained in the study can be freely accessed at https://osf.
io/exnd5/.

Results

Training session

Table 2 shows statistical results found for data obtained in the 
training session. Average naming latencies across conditions 
and proficiency groups can be found in the Supplementary 
Materials B (Table SB1, https://osf.io/exnd5/).

The adjust R-squared in the model resulted in 0.48, 
indicating it explains the 48.88% the deviance. The nested 
model comparisons indicated that the full model with the 

parametric and smooth terms on modality provided a sig-
nificantly better fit to the data than the null model (DF = 29, 
difference = 5,323.07, EDF = 35, p < .001). The reference 
smooth of Exposure and random factor smooth of Exposure 
revealed the significant effect of learning on different 
types of stimuli and individual participants, with reduced 
naming latencies over the course of exposures. However, 
the learning trajectory of words (both high- and low-fre-
quency words) differed from that of novel words, evident 
in the absence of significant smooth for Exposure to novel 
words. There was also a significant interaction between 
Exposure and L2 proficiency, indicating that learning tra-
jectories varied as a function of L2 proficiency levels. 
Crucially, tensor product smooth of the interaction differed 
significantly among types of stimuli, indicating the 
influence of L2 proficiency was particularly higher for the 

Table 2. Summary of generalised additive mixed-effect model obtained in the training session.

Parametric coefficients Estimate SE t

(Intercept) −1.61 0.03 −47.058***
Low-frequency words (short) 0.08 0.03 2.917**
Novel words (short) 0.11 0.03 4.16***
High-frequency words (short) 0.11 0.03 4.048***
Low-frequency words (long) 0.29 0.03 10.566***
Novel words (long) 0.42 0.03 15.574***

Approximate significance of smooth terms: EDF Ref. DF F

Reference smooth
 Exposure 2.059 2 10.966***
 L2 proficiency 1 1 14.171***
Difference smooth (exposure)
 High-frequency (short) 4.09 6 9.262***
 Low-frequency (short) 3.381 6 4.6***
 Novel (short) 2.550e-05 6 0
 High-frequency (long) 4.020 6 2.597***
 Low-frequency (long) 4.39 6 2.575**
 Novel (long) 1.269e-04 6 0.426
Tensor product smooth
 Exposure: proficiency 5.90 23 11.087***
Difference smooth: (exposure by proficiency)
 High-frequency (short) 4.278e-01 18 0
 Low-frequency (short) 4.099e-05 18 0
 Novel (short) 3.063 18 0.405*
 High-frequency (long) 1.391 18 0.155
 Low-frequency (long) 3.515 18 1.217***
 Novel (long) 3.942 18 3.761***
Random smooth: participants (word types) 185.2 251 24.924***
Random factor smooth: participants (exposure) 39.85 42 20,945.79***

Random intercepts EDF Ref. DF F

Participants 39.18 41 23,755.56***
Items 62.72 66 21.566***

EDF: effective degrees of freedom; Ref. DF: reference degrees of freedom.
The model fit Word Length, Stimuli Type, and Proficiency as a function of Exposure. R2 = .48; deviance explained = 48.88%; n = 28,195. EDF > 1  
indicates the non-linear learning trajectory. *p < .05; **p < .01; ***p < .001. 

https://osf.io/exnd5/
https://osf.io/exnd5/
https://osf.io/exnd5/
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Figure 2. Results obtained in the training session.
For each high and low proficiency group, both nonlinear learning curves for different types of stimuli as well as the estimated difference of length, 
frequency, and lexicality effects are plotted.
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learning of long novel and long low-frequency words over 
the course of exposures.

In a second step, GAMM were re-computed by treating 
L2 Proficiency as a discrete variable and then defining two 
groups of participants with higher (i.e., HPG) and lower 
(i.e., LPG) proficiency levels to further explore the effect of 
L2 proficiency levels (see table SB2 in the Supplementary 
Materials B in https://osf.io/exnd5/ for a summary of model 
fit for HPG and LPG). Figure 2 plots the learning trajecto-
ries for different types of stimuli over the course of expo-
sures and the estimated differences between conditions 
using the plot_diff () function. The plots corroborated the 
results derived from the GAMM obtained in the first and 
second steps. Specifically, a reduced impact of length effect 
on all types of stimuli was shown across repeated expo-
sures in the HPG. In contrast, the LPG exhibited a signifi-
cant smooth for Exposure to short novel words and short 
low-frequency words, which was not obtained for long 
novel words and long low-frequency words. Thus, partici-
pants in the LPG benefitted from repeated exposure to short 
novel words and short low-frequency words, whereas no 
trace of learning effect was shown for long items, either 
novel or low-frequency. As plotted in Figure 2, that led to 
increased effects of length (for novel words and low-fre-
quency words), frequency, and lexicality (for long items) 
over the course of exposures.

Post-training session

Table 3 summarises the means of posterior probability dis-
tribution and the 95% highest density interval (HDI) 
reported for each set of related pseudowords presented in 
the lexical decision task. Analysis run for pseudowords 
related to previously trained high-frequency words revealed 
a significant L2 Proficiency effect in accuracy data 
(β = 0.47, 95% HDI = [0.20, 0.74]) indicating that the higher 
the L2 proficiency level the higher the probability to cor-
rectly categorise pseudowords as non-lexical items, inde-
pendently of their orthography (see Figure 3, left upper 
panel). Nonetheless, analysis on latency data revealed a 
significant interaction effect between Orthographic 
Relation and L2 Proficiency (β = 0.06, 95% HDI = [0.02, 
0.11]), indicating that, although all participants were inter-
fered, the higher the L2 proficiency level the higher the 
interference effect showed in these participants, with longer 
responses during the rejection of related than unrelated 
pseudowords (see Figure 3, right upper panel).

A different pattern was found in the analysis of accu-
racy for pseudowords related to previously trained low-
frequency words, showing a significant interaction between 
Orthographic Relation and L2 Proficiency (β = 0.66, 95% 
HDI = [0.44, 0.86]), with higher interference caused by the 
neighbourhood (and hence more errors committed in 
related than unrelated pseudowords) in participants with 
lower L2 proficiency levels; importantly, participants with 

higher proficiency L2 levels were similarly accurate reject-
ing pseudowords related and unrelated (see Figure 3, left 
middle panel). Analysis on latency data for this set showed 
a similar interaction between Orthographic Relation and 
L2 Proficiency as in the previous set (β = 0.07, 95% 
HDI = [0.03, 0.11]), with all participants being affected by 
the interference but with higher interference observed in 
those participants with higher L2 proficiency levels (see 
Figure 3, right middle panel).

Finally, for the set of pseudowords related to trained 
novel words, the analysis conducted on accuracy data indi-
cated a significant interaction between Orthographic 
Relation and L2 Proficiency (β = 0.44, 95% HDI = [0.10, 
0.96]); as in the previous set, more errors were committed 
in the categorisation of related than unrelated pseudow-
ords in participants with lower L2 proficiency levels, as 
those with higher proficiency showed no interference in 
their accuracy (see Figure 3, left lower panel). A signifi-
cant interaction between Orthographic Relation and L2 
Proficiency was also found in latency data (β = −0.09, 95% 
HDI = [−0.15, −0.04]); participants with higher L2 profi-
ciency levels tended to exhibit higher response latencies 
for related than unrelated pseudowords, whereas those 
with lower proficiency showed no interference in their 
latencies (see Figure 3, right lower panel).

Thus, across all sets of pseudowords, those partici-
pants with higher L2 proficiency levels (right end of the 
graphs) showed no interference in their accuracy to cor-
rectly categorise pseudowords (either related or unre-
lated) as non-lexical items, but a clear cost in their speed 
to respond to those pseudowords orthographically related 
to known stimuli (either more or less familiar). 
Conversely, participants with lower L2 proficiency levels 
(left end of the graphs) exhibited a clear interference in 
their accuracy to correctly reject pseudowords, particu-
larly for those related to less familiar and newly trained 
words, whereas no cost was observed in their response 
latencies to pseudowords related with the novel words 
previously trained.

Table 4 summarises the means of posterior probability 
distribution and the 95% highest density interval (HDI) 
reported for the recognition task. Analysis on accuracy 
data revealed interactions between Frequency (i.e., high-
frequency vs. low frequency words) and L2 proficiency 
(β = −0.45, 95% HDI = [−0.73, −0.18]) and between 
Lexicality (i.e., high-frequency vs. novel words) and L2 
Proficiency (β = −0.47, 95% HDI = [−0.73, −0.20]), indi-
cating that both variables were modulated by the L2 profi-
ciency level (see Figure 4, left panel). Thus, whereas 
participants with higher proficiency levels exhibited a sig-
nificantly high recognition of all stimuli previously trained, 
the recognition performance observed in lower proficient 
bilinguals was poorer for low-frequency words and around 
chance level for novel words (see Figure 4, left panel). 
Analysis on latency data indicated no modulation of L2 

https://osf.io/exnd5/
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Table 3. Summary of the posterior distribution modelling for response accuracy and latencies obtained in the lexical decision task.

Pseudowords related to words

Model 1: Accuracy data

Population level Median HDI % in ROPE MPE R

Intercept 1.85 [1.54, 2.17] 0 1 1
Related Orthography −0.14 [−0.54, 0.29] 0.16 0.75 1
L2 Proficiency 0.47 [0.20, 0.74] 0 1 1
Interaction −0.04 [−0.44, 0.34] 0.2 0.58 1

Model 2: Latency data

Population Level Median HDI % in ROPE MPE R

Intercept −0.98 [−1.04, −0.92] 0 1 1
Related Orthography 0.26 [0.22, 0.31] 0 1 1
L2 Proficiency −0.06 [−0.11, 0.00] 0.12 0.97 1
Interaction 0.06 [0.02, 0.11] 0.02 1 1

Pseudowords related to low-frequency words

Model 3: Accuracy data

Population level Median HDI % in ROPE MPE R

Intercept 1.43 [1.13, 1.73] 0 1 1
Related Orthography 0.96 [−1.19, −0.71] 0 1 1
L2 Proficiency 0.73 [0.46, 0.99] 0 1 1
Interaction 0.66 [0.44, 0.86] 0 1 1

Model 4: Latency Data

Population level Median HDI % in ROPE MPE R

Intercept −1.03 [−1.08, −0.97] 0 1 1
Related Orthography 0.15 [0.11, 0.20] 0 1 1
L2 Proficiency −0.05 [−0.10, 0.00] 0.14 0.97 1
Interaction 0.07 [0.03, 0.11] 0 1 1

Pseudowords related to high-frequency words

Model 5: Accuracy data

Population level Median HDI % in ROPE MPE R

Intercept 2.27 [1.84, 2.78] 0 1 1.01
Related Orthography −0.89 [−1.48, −0.28] 0 1 1
L2 Proficiency 0.72 [0.36, 1.06] 0 1 1
Interaction 0.44 [0.10, 0.96] 0.01 0.99 1

Model 6: Latency data

Population level Median HDI % in ROPE MPE R

Intercept −1.00 [−1.14, −0.86] 0 1 1
Related Orthography −0.05 [−0.11, 0] 0.14 0.97 1
L2 Proficiency 0.06 [−0.09, 0.19] 0.22 0.76 1
Interaction −0.09 [−0.15, −0.04] 0 1 1

HDI: highest density credible interval; ROPE: region of practical equivalence; MPE: maximum probability of effect.
The table includes posterior medians, the 95% of the HDI, the percentage of the HDI within the ROPE, the MPE, and the potential scale reduction 
factor (R).
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Figure 3. Results obtained in the lexical decision task for pseudowords orthographically related to previously trained stimuli as 
a function of L2 proficiency level (from upper to lower panels: pseudowords related to high-frequency words, to low-frequency 
words, and to novel words).
Thin lines represent 300 sample draws from the posterior distribution for each word type, whereas thick lines illustrate uncertainty (95% HDI) 
around the posterior medians. Dashed lines represent the intercept of the model.
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proficiency, with response times modulated by Frequency 
(i.e., longer RTs for low- than for high-frequency words) 
and by Lexicality (i.e., longer RTs for novel than for low-
frequency words), independently on L2 proficiency level 
(see Figure 4, right panel).

Regarding the relationship between individual phono-
logical decoding abilities and orthographic learning 

outcomes obtained in the recognition task, medium and 
positive correlations between the reduction of the effect of 
length (r = 0.45, p = .003) and lexicality (r = 0.68, p < .001) 
and the recognition accuracy were obtained, indicating 
that better recognition performance on novel words was 
associated with sharper decline in the effects of length and 
lexicality across exposures.

Table 4. Posterior distribution modelling for response accuracy and latencies obtained in the recognition task.

Model 1: Accuracy data

Population level Median HDI % in ROPE MPE R

Intercept 1.94 [1.73, 2.17] 0 1 1
Frequency 0.36 [0.05, 0.65] 0 0.99 1
Lexicality 1.33 [1.02, 1.61] 0 1 1
L2 Proficiency 0.3 [0.11, 0.50] 0 1 1
Frequency: L2 Proficiency −0.45 [−0.73, −0.18] 0 1 1
Lexicality: L2 Proficiency −0.47 [−0.73, v0.20] 0 1 1

Model 2: Latency data

Population level Median HDI % in ROPE MPE R

Intercept 3.66 [2.09, 4.97] 0 1 1
Frequency −4.03 [−5.69, −2.53] 0 1 1
Lexicality −4.58 [−6.39, −2.96] 0 1 1
L2 Proficiency 0.51 [−0.92, 1.98] 0.22 0.77 1
Frequency: L2 Proficiency −0.46 [−1.75, 0.74] 0.43 0.78 1
Lexicality: L2 Proficiency −0.51 [−1.94, 0.79] 0.12 0.79 1

HDI: highest density credible interval; ROPE: region of practical equivalence; MPE: maximum probability of effect.
The table includes posterior medians, the 95% of the HDI, the percentage of the HDI within the ROPE, the MPE, and the potential scale reduction 
factor (R).

Figure 4. Probability of a correct response and naming latency obtained in the recognition task for each stimuli type as a function 
of L2 proficiency.
Thin lines represent 300 sample draws from the posterior distribution for each word type, whereas thick lines illustrate uncertainty (95% HDI) 
around the posterior medians. Dashed lines represent the intercept of the model.
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Discussion

The aim of the present study was to investigate the impact of 
distant L1–L2 reading strategies in the process of L2 ortho-
graphic learning. While the evidence for the cost of a distant 
L1 orthography in L2 word processing is relatively robust, 
its influence on L2 orthographic learning through a self-
teaching mechanism remains unclear, with studies showing 
inconsistent results that lead to incomplete conclusions. We 
tested L2 self-teaching in Chinese–English bilinguals, one 
of the most orthographically distant L1–L2 pairs, and made 
use of various fine-grain manipulations both during and 
after the training with novel words. Our results confirm the 
hypothesis that L1–L2 variation negatively impacts the pro-
cess of L2 orthographic learning, with L2 proficiency mod-
ulating the detrimental engagement in L1 holistic processing 
that is likely at the base of such disadvantage. In what fol-
lows, we discuss the differential pattern exhibited by 
Chinese–English bilinguals as a function of L2 proficiency, 
both during training and post-training sessions.

Findings obtained during the training phase indicated 
that successful phonological decoding of novel L2 words 
allowed higher proficient Chinese–English bilinguals to 
form novel orthographic representations. That was reflected 
in the progressive reduction of length, frequency, and lexi-
cality effects throughout the course of training (see Figure 
2, upper panels), as well as significantly high recognition 
rates of trained novel words (see Figure 4, left panel). These 
results are consistent with those found in native English 
speakers, showing the rapid formation and strengthening of 
orthographic representations that enable the transition from 
sub-lexical, serial decoding to direct recognition of novel 
and low-frequency L2 word-forms (Kwok & Ellis, 2014, 
2015; Kwok et al., 2017; Maloney et al., 2009; Weekes, 
1997). Moreover, these participants exhibited a significant 
interference effect in the lexical decision task during the 
categorisation of neighbour pseudowords related to recently 
trained novel words, indicating the integration of these 
novel words into the mental lexicon and their competing 
activation during the categorisation of related pseudowords 
(Bermúdez-Margaretto et al., 2022; Bowers et al., 2005; 
Leminen et al., 2016; Merkx et al., 2011). Importantly, such 
interference was observed at latency rather than at accuracy 
level, indicating the precise but time-consuming categori-
sation of pseudowords orthographically related to previ-
ously trained stimuli, likely based on letter-by-letter 
decoding. Therefore, bilinguals with well-developed L2 
orthographic systems exhibit efficient phonological decod-
ing skills that enable them to engage in effective L2 pro-
cessing mechanisms that, in turn, lead to the establishment 
of new orthographic representations. That was further con-
firmed by the positive correlation between the reduction of 
length and lexicality effects and the recognition rates for 
trained novel words. Notably, the interference exhibited by 
these participants in their response latencies was observed 
across all sets of pseudowords, regardless of their similarity 

to either those of high- and low-frequency or newly learnt 
words; this pattern demonstrates the capability of these par-
ticipants to activate lexical knowledge, either very familiar 
representations or those recently learnt during a very short 
exposure (i.e., 10 repetitions).

However, results obtained in individuals with lower 
L2 proficiency levels were in sharp contrast with the pat-
tern observed in their higher proficiency peers, showing 
no reduction but increased length effect in novel and low-
frequency words and increased frequency and lexicality 
effects in long items over the course of the training (see 
Figure 2, lower panels), as well as by-chance recognition 
of trained novel words (see Figure 4, left panel). 
Moreover, in the lexical decision task, lower L2 profi-
ciency participants showed no interference effect on 
response latencies but on accuracy during the categorisa-
tion of neighbour pseudowords related to previously 
trained novel words. Thus, these stimuli were accepted as 
L2 words at a significantly higher rate than unrelated 
pseudowords, most likely due to a coarse analysis of the 
visual word-shape and weaker sensitivity to intra-word 
structures. Interestingly, the interference pattern caused 
by orthographic neighbourhood varied gradually in these 
participants depending on the orthographic relation 
(namely, whether pseudowords were related to high-, 
low-frequency, or novel words previously trained). Thus, 
when presented with pseudowords related to high-fre-
quency words, these participants showed interference in 
their response latencies with no cost in their accuracy 
levels; this result indicate their capability to activate rep-
resentations of highly frequent, well-known stimuli, as 
well as to accurately reject these pseudowords, likely fol-
lowing a visual processing strategy facilitated by the fre-
quency and strong representation of neighbour stimuli. 
Nonetheless, although these participants were capable to 
activate lexical representations of low-frequency words, 
as reflected in their interference in latencies during the 
categorisation of pseudowords related to these stimuli, 
they failed to correctly reject them, as a decoding strat-
egy is needed to successfully categorise these stimuli due 
to their low-frequency—rather than the holistic reading 
strategy that they were most likely using. Furthermore, 
these participants showed no sign of interference in their 
response times when presented with pseudowords related 
to recently learnt novel words, but only in their accuracy 
to correctly categorise them; this indicates the represen-
tation of these words was too weak to be activated and to 
cause interference in response times, and hence that the 
experience with these stimuli was too short to allow their 
efficient storage in the lexicon. Therefore, this gradual 
pattern of interference exhibited in these participants 
(that decreases in latency but increases in accuracy 
depending on the frequency of the neighbour stimuli 
exerting the interference) reflects both their unstable 
capability to learn and activate lexical knowledge as well 
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as their poor ability to efficiently use an L2 decoding-
based reading strategy.

Considering together the results obtained for low profi-
cient participants, our findings indicate the cost of L1–L2 
variation to efficiently store new L2 orthographic repre-
sentations, led by an L1-based visual analysis of the novel 
word-form structure. Such cost was particularly evident 
during the training of long novel and long low-frequency 
words; contrary to short novel and short low-frequency 
words, these long items exhibited no reduction of reading 
latencies across the training, causing increased effects of 
lexicality and frequency for long items (as well as increased 
length effect in novel and low-frequency words) in lower 
proficient bilinguals. These effects suggest that the analy-
sis of the physical structure of words to map orthographic 
information into phonology is limited by word length 
(Ehri, 2014; Rosenthal & Ehri, 2008), with L2 proficiency 
level at the base of such constraint. Notably, L2 profi-
ciency is characterised here by the level of exposure to 
English reading and vocabulary, suggesting an experience-
based source of activation. In individuals with higher pro-
ficiency, lower-level perceptual processing of letters was 
likely accessible and optimised over exposures, resulting 
in the parallel co-activation of phonological and ortho-
graphic representations of each novel (and low-frequency) 
word after the training. Conversely, the expertise with let-
ter combinations appeared to be less developed in bilin-
guals with relatively poor L2 perceptual experience, who 
indeed performed in a manner that was consistently sensi-
tive to length structure across repetitions.

The pattern of results found in the present study is in 
agreement with previous research focused on cross-linguis-
tic mechanisms underlying L2 word recognition (e.g., 
Akamatsu, 2002; M. Wang et al., 2003; H. C. Wang et al., 
2011; M. Wang & Koda, 2005), which show that English 
bilinguals with logographic L1 background exhibited a 
higher sensitivity to whole-form, visual encoding of words 
and less reliance on phonological information in compari-
son to native English speakers or bilinguals with alphabetic 
backgrounds. Importantly, our findings reveal that the 
transfer of an L1 logographic reading strategy affects not 
only how bilinguals process L2 alphabetic input, but also 
how they acquire new L2 orthographic information. 
Therefore, the current study extends these findings to L2 
self-teaching mechanisms and highlights the critical role of 
language proficiency in modulating the impact of cross-
linguistic variation in L2 orthographic learning. Future 
investigations should further confirm these findings by 
including various bilingual groups with distinct L1 back-
grounds. Moreover, these studies might also consider using 
both RTs and articulation times (TAs), as is traditional in 
developmental word learning studies (e.g., Suárez-Coalla 
et al., 2016). Indeed, TAs are particularly suitable for test-
ing reading performance in transparent L2 orthographies, 
as these scores are more susceptible to serial decoding 

processes that might last after response word onset (Davies 
et al., 2013). In this sense, the use of TAs might have been 
particularly sensitive to evaluate whether distant L1–L2 
learners with lower L2 proficiency levels in an alphabetic 
L2 language engage in phonological decoding processes 
during the training or, on the contrary, follow a L1 strategy 
based on holistic word analysis. Future L2 word learning 
studies might overcome this limitation in the present study 
by evaluating both RTs and ATs.

Furthermore, the underperformance observed in lower 
proficient bilinguals in this study brings important remarks 
to consider at theoretical, practical, and experimental lev-
els. Thus, although all participants had comparable, high 
rates of naming accuracy during the training task, there 
was no trace of a learning effect on long novel and low-
frequency words in those participants with lower profi-
ciency. This result is only partially consistent with the 
self-teaching framework (Share, 1995, 1999, 2008), as it 
implies that accurate phonological decoding of L2 novel 
words through a brief period of exposure does not allow 
distant L1–L2 bilinguals, particularly those with lower L2 
proficiency, to create and strengthen orthographic repre-
sentations for these stimuli. The underperformance seen in 
these participants throughout the training and post-training 
sessions is most likely a by-product of the L1 Chinese 
orthographic background that importantly, might persist 
over the course of further exposures, hence being seriously 
detrimental for the learning of L2 alphabetic scripts. This 
suggests that L2 exposure solely might not be the most 
optimal strategy to ensure L2 orthographic learning in dis-
tant L1–L2 bilinguals, calling for specific L2 teaching 
interventions focused on the lack of experience with L2 
low-level perceptual processes. This is in line with previ-
ous statements (e.g., Nassaji, 2014) indicating that L2 
instructional methodologies should be aware of the conse-
quences of cross-linguistic variance, in particular the dif-
ficulties caused by L1–L2 divergence. Moreover, our 
findings highlight the relevance of considering the naming 
latencies, together with accuracy rates, as a more sensitive 
marker of orthographic learning—less influenced by at-
ceiling performance effects—both collected during the 
ongoing process under study and at the post-training phase. 
Previous studies addressing L2 self-teaching and focusing 
exclusively on post-training data have reported accuracy 
rates indicative of successful orthographic learning in dis-
tant L1–L2 bilinguals (e.g., Y. Li, Wang, & Espinas, 2021); 
however, the present data offer a more precise analysis of 
the L2 self-teaching process and its modulation by cross-
linguistic variation, hence pointing to the pitfall of restrict-
ing the evaluation to offline accuracy measures to fully 
understand orthographic learning processes.

To conclude, the present study contributes to the under-
standing of L2 orthographic acquisition, elucidating the 
influence of distant L1–L2 reading strategies and the mod-
ulatory role of L2 proficiency in this process. Importantly, 
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our results suggest that the self-teaching mechanism goes 
beyond an accurate decoding over a sufficient number of 
exposures to successfully acquire new L2 orthographic 
representations. In this regard, the present work highlights 
the importance of efficiency over accuracy in phonological 
decoding for less skilled L2 learners. Implications at the 
practical level suggest that teaching methods for learning 
alphabetic L2 should emphasise the enhancement of low-
level perceptual processes that in turn would help the 
engagement in grapheme-to-phoneme reading strategies.
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