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The effects of language immersion 
on the bilingual lexicon
Evidence from Chinese-English bilinguals

Peggy P.K. Mok and Alan C.L. Yu
The Chinese University of Hong Kong / University of Chicago

Previous studies have consistently found an asymmetry where priming in the 
L1-L2 direction is stronger than that in the L2-L1 direction. However, some 
studies showed that an L2 immersion environment could attenuate bilingual 
speakers’ access to the L1 and result in a ‘bilingual disadvantage’. This study 
investigated how language immersion modulates the priming effects of late adult 
bilingual speakers. We compared late Chinese-English bilingual speakers with 
high L2 (English) proficiency in an L1 environment and those in an L2 immer-
sion environment. Both semantic and translation priming in same-language and 
cross-language conditions were investigated. The results showed no ‘bilingual 
disadvantage’ of the immersed participants. The priming asymmetry was weak-
ened for the immersed participants who were more comparable in their reaction 
time to different language conditions. Both semantic and translation priming 
were found in L1-L2 and L2-L1 directions, suggesting that both types of priming 
are similar in nature in the bilingual lexicon.
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1. Introduction

Previous studies have shown that the bilingual lexicon is dynamic in nature and 
many factors can affect the relationship between the two languages (e.g., Grosjean, 
1998; Pavlenko, 2009). However, the effects of immersion on the bilingual lexicon 
are not well-understood, although there are growing interests in how an immer-
sion environment affects the way languages are processed by bilingual speakers. 
The present study investigates how language immersion affects the mental lexi-
con of high-proficiency late Chinese-English bilingual speakers. Our findings can 
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offer further insights for understanding the effects of language immersion on the 
bilingual mental lexicon.

1.1 Asymmetry in the bilingual mental lexicon

Many studies have shown asymmetries between the two languages in a bilin-
gual lexicon. For example, priming effects in the L1-L2 direction are found to be 
consistently large, while those in the L2-L1 direction are smaller or even non-
existent (Chen & Ng, 1989; Keatley, Spinks & de Gelder, 1994; Jiang, 1999; Dong, 
Gui & MacWhinney, 2005; Basnight-Brown & Altarriba, 2007; Chen et al., 2014). 
Bilinguals also translate faster from L2 to L1 than from L1 to L2 (Kroll & Stewart, 
1994; Sholl, Sankaranarayanan & Kroll, 1995). Such asymmetries are often ex-
plained by differences in proficiency and/or dominance between the two languages 
(e.g., Finkbeiner et al., 2004; Dong et al., 2005), both as important considerations 
in bilingual studies (Grosjean, 1998). The more proficient or dominant language 
provides a stronger facilitation, or has more direct access to the conceptual store 
than the less proficient or dominant language.

In studies involving adult bilingual speakers, L1 is usually regarded as the 
dominant language because of its early acquisition and native proficiency, while 
L2 is usually acquired later, and thus being the weaker and less proficient language. 
However, so far, there is no unanimous agreement of what language dominance 
is. Cantone, Kupisch, Müller and Schmitz (2008) argued that language dominance 
should be an area of research in its own right. It can refer to the relative proficien-
cy, the relative exposure and frequency of use of the two languages, or the majority 
language relative to the social environment etc. (Dunn & Fox Tree, 2009; Daller et 
al., 2010; Treffers-Daller, 2010; Bedore et al., 2012; Grosjean, 2013).

The language environment is an important factor in affecting language domi-
nance which can change over time. Some bilinguals may be more dominant in 
their L2 than in their L1 due to environmental factors, such as studying abroad 
or having an immersion environment (Heredia, 1997; Tokowicz, Michael & Kroll, 
2004; Basnight-Brown & Altarriba, 2007). The frequency of use of the two lan-
guages, the majority language relative to the social environment, or current lan-
guage use are important criteria affecting language dominance for both bilingual 
children and adults (Argyri & Sorace, 2007; Dunn & Fox Tree, 2009; Daller et al., 
2010; Bedore et al., 2012).

1.2 Language immersion

There is a growing literature on how studying abroad or being in an L2 immersion 
environment affects bilingual speakers. Understandably, many of these studies 
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focus on how such a change in language environment can enhance L2 proficien-
cy in various linguistic aspects (e.g., see a special issue on this topic in Studies 
in Second Language Acquisition, volume 26, 2004). There are also recent studies 
showing how an immersion environment can affect processing of late adult bilin-
gual speakers.

For example, Tokowicz, Michael and Kroll (2004) showed that study-abroad 
experience has an impact on the type of translation errors made by English-
Spanish bilingual speakers. Since study-abroad learners are accustomed to being 
in situations in which they need to communicate, they are more prone to mak-
ing incorrect responses that are related in meaning to the correct translation than 
simply just saying that they do not know the answer. Dussias and Sagarra (2009) 
found that Spanish monolinguals and Spanish learners of English with little im-
mersion experience preferred to attach a relative clause after the first noun, while 
Spanish learners of English with ample immersion experience preferred to attach 
it after the second noun like native English speakers do. By using a picture naming 
task, Malt, Li, Pavlenko, Zhu and Ameel (2015) found changes in both L1 and L2 
word use of Mandarin-English bilingual speakers with late L2 immersion com-
pared to their monolingual counterparts. They suggested that the lexical network 
remains plastic over an extended time period and that both L1 and L2 represen-
tations and interconnections can be modified even with late immersion. These 
studies demonstrate that being in an immersion environment can influence the 
interaction between two languages in the mental lexicon.

Of particular interest are studies that found language immersion modulating 
lexical access of the L1. Having extensive exposure to the L2 may incur a cost in 
L1 processing by affecting the efficiency of L1 lexical retrieval or dampening the 
activation of L1. The adverse effect that the L2 immersion environment can have 
on the L1 is termed the ‘bilingual disadvantage’. For example, Baus, Costa and 
Carreiras (2013) found a decline in the ability to retrieve and use low frequency L1 
non-cognate words after a short L2 immersion experience (4 months). Morales, 
Paolieri, Cubelli and Bajo (2014) observed that Spanish learners of English in a 
non-immersed environment were influenced by Spanish grammatical gender 
even in an L2 picture naming task, but those in an English immersion environ-
ment were not. They suggested that the immersion environment attenuates access 
to the native language.

There are two main accounts for the ‘bilingual disadvantage’ due to immersion: 
language inhibition versus frequency of use. Linck, Kroll and Sunderman (2009) 
compared two groups of English learners of Spanish: one group in an immersion 
environment (3 months) and one group in a classroom setting. Many studies have 
shown that the bilingual lexicon is nonselective in nature and both languages are 
always active. They found that the immersed group outperformed the classroom 
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group in L2 proficiency tasks. In addition, in all of their tasks (comprehension, 
production, translation recognition, and verbal fluency), the immersed group per-
formed worse in their L1 or was less affected by their L1 than the classroom group. 
They also re-tested a subset of the immersed learners 6 months after they had re-
turned to an L1 environment, and these learners still exhibited insensitivity to L1 
lexical interference in translation recognition. Linck et al. (2009) concluded that 
access to the L1 was attenuated during language immersion (Green, 1998), and the 
reduced influence or sensitivity of the L1 was the result of L1 inhibition.

An alternative account of the ‘bilingual disadvantage’ is that the frequency 
of use of the L1 is reduced in an L2 immersion environment. According to the 
weaker-link hypothesis (Gollan et al., 2005), bilinguals are likely to use either of 
their languages less often than monolinguals do. Lexical representations in each 
language have a reduced functional frequency and therefore are less easily acces-
sible. Being in an L2 immersion environment may further reduce the frequency of 
use of the native language, so that the L1 becomes even less accessible during L2 
immersion. Baus et al.’s (2013) findings lend some support to this account because 
their immersed speakers were slower in naming pictures in their L1 only for low 
frequency non-cognate nouns. Their findings suggests that the frequency of use is 
an important factor contributing to the ‘bilingual disadvantage’.

To be sure, these two accounts are not mutually exclusive. Morales et al. (2014) 
stated that both accounts can explain their data equally well. The fact that their 
immersed bilinguals were not influenced by their L1 Spanish grammatical gen-
der knowledge when performing a picture-naming task in L2 English could be 
because that their L1 was inhibited during immersion, or because that they were 
exposed to the L2 significantly longer than the non-immersed group. It is possible 
that both factors have a role to play in the final analysis.

Previous aforementioned studies on how immersion affects lexical represen-
tation mainly used explicit production tasks like picture naming, translation or 
verbal fluency tasks. Indeed, it is surprising to find that only a few studies have 
explored the effects of immersion using the priming paradigm, a technique com-
monly used in studies of the bilingual mental lexicon. It is thus important to in-
vestigate if the same disadvantage can also be found using a more implicit task, 
not only for a thorough understanding of the effects of language immersion, but 
also to test the pervasiveness and robustness of the ‘bilingual disadvantage’. The 
priming paradigm can provide more sensitive data than the above-mentioned 
production tasks on the lexical interactions of the two languages in the bilingual 
mind, because it is an online measure, and because it can show subtle differences 
in lexical connections between the two languages, which may not surface easily in 
explicit production tasks involving other processes, such as articulatory planning.
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More importantly, in addition to being more sensitive, priming data can also 
help us to evaluate which account, language inhibition or frequency of use, has 
a stronger effect on the ‘bilingual disadvantage’. If ‘bilingual disadvantage’ is due 
to L1 inhibition in language immersion, we would expect to find slower reaction 
time or weaker priming effects to the L1 for the immersed participants than the 
non-immersed participants. If the ‘bilingual disadvantage’ is due to the frequency 
of use, we would expect to see more comparable reaction time or similar prim-
ing effects in both L1 and L2 for the immersed participants but not for the non-
immersed participants, as the reduced exposure to L1 and the increased exposure 
to L2 in an immersion environment would attenuate the asymmetry between L1 
and L2 in the bilingual lexicon (also see below).

Previous studies demonstrating asymmetries in the bilingual mental lexicon 
(stronger L1-L2 than L2-L1 priming effects) discussed earlier mainly used par-
ticipants in a non-immersed environment. As suggested by Van Hell and Tanner 
(2012), immersion experience may allow both for faster lexical access and for 
the development of richer L2 word-to-concept mappings, which would lead to 
an increase in priming symmetry. Basnight-Brown and Altarriba (2007) found 
that their Spanish-English bilingual speakers had significant translation priming 
effects in both language directions but significant semantic priming only in the 
L2–L1 direction. They argued that because their bilingual speakers were in an 
English immersion environment, their L2 had become their dominant language, 
which could explain why semantic priming only occurred in the L2-L1 direction. 
However, Basnight-Brown and Altarriba (2007) did not have non-immersed par-
ticipants for comparison.

Only few priming studies of the bilingual mental lexicon have compared im-
mersed versus non-immersed participants thus far. Coderre, van Heuven and 
Conklin (2013) compared the Stroop effects in monolingual English, English-
Chinese (non-immersed) and Chinese-English (immersed) bilingual speakers. 
However, half of their immersed Chinese-English speakers were actually studying 
in an English-medium university in China, so their immersion experience was 
quite different from those who were living in a foreign country where the L2 is 
the ambient language. Degner, Doycheva and Wentura (2012) compared semantic 
and affective priming of German-French (non-immersed) and French-German 
(immersed) bilinguals studying in Germany. They found that while semantic 
priming occurred in both L1 and L2, and that affective priming was found in L1 
for both groups, only the immersed participants showed affective priming in L2. 
They argued that bilinguals immersed in the L2 culture used their L2 frequently 
in daily life, which could in turn lead to a higher weighting of affective connota-
tions. Nevertheless, the native language and the second language of the immersed 
versus non-immersed groups in both Coderre et al.’s and Degner et al.’s studies are 
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different. In order to investigate the effects of immersion more specifically without 
confounding native languages of the participants, we use participants who have 
the same L1 and L2 but differing in immersion experience.

1.3 Translation and semantic priming

The type of priming, translation or semantic, is an important consideration in 
the studies of the bilingual lexicon. Translation priming involves prime-target 
pairs that are translation equivalents in the two languages, while semantic prim-
ing involves prime-target pairs that are semantically related in the two languag-
es. Altarriba and Basnight-Brown (2007) extensively reviewed about a dozen of 
studies using the semantic priming paradigm and studies using the translation 
priming paradigm. They found many methodological differences and inconsistent 
findings among these studies. As translation equivalents have closer semantic re-
lations than related word pairs in the mental lexicon, it may not be surprising to 
find mixed results.

Some argued that semantic priming and translation priming are different in 
the bilingual lexicon, and that an immersion environment may influence the type 
of priming found in different language directions. For example, as mentioned 
above, Basnight-Brown and Altarriba (2007) found significant translation priming 
in both language directions using Spanish-English bilingual speakers, but seman-
tic priming was found only for Spanish target words (L2-L1) (Experiment 1). They 
reasoned that since their bilingual participants were actually English-dominant 
(living in an immersion environment), their results did conform to the stronger 
L1-L2 priming found in other studies. Moreover, they found no semantic prim-
ing effects in either language direction, but significant translation-priming effects 
were observed in both language directions in their Experiment 2. They argued 
that translations were recognized and stored differently from semantically related 
word pairs in the bilingual lexicon. Similarly, Zhao, Li, Liu, Fang and Shu (2011) 
investigated cross-language priming effects using both translation and semantic 
priming with three groups of Chinese-English bilingual speakers: a low English 
proficiency group in China, a high English proficiency in China (English majors) 
and an immersion group in the US. They found significant translation and seman-
tic priming in the L1-L2 direction for all groups, but significant translation prim-
ing in the L2-L1 direction was only found for the immersion group. These results 
demonstrated that an immersion environment can affect the priming effects of 
bilingual speakers.

On the other hand, Schoonbaert et al. (2009) found significant priming ef-
fects in both type of priming (translation and semantic) and language direction 
(L1-L2 and L2-L1) for unbalanced Dutch (L1) – English (L2) bilinguals in a 
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non-immersion environment. Similarly, Guasch, Sánchez-Casas, Ferré & Garciá-
Albea (2011) used balanced Spanish-Catalan bilinguals in a non-immersion envi-
ronment and found significant translation and semantic priming in both language 
directions. These results instead suggest that the difference between translation 
and semantic priming is only quantitative but not qualitative in nature, and that 
an immersion environment is not necessary.

Some methodological issues may explain the different findings in these stud-
ies. Both priming type (translation and semantic) and language direction (L1-
L2 and L2-L1) were within-subject factors in Basnight-Brown and Altarriba 
(2007) and Zhao et al. (2011), while both factors were between-subject factors in 
Schoonbaert et al.’s (2009) study. In Guasch et al. (2011), language direction was 
a between-subject factor and priming type was a within-subject factor. Individual 
differences may have contributed to the mixed results. Only Zhao et al. (2011) 
had compared immersed and non-immersed participants, while Basnight-Brown 
and Altarriba (2007) had only one group who was living in an L2 immersion en-
vironment. Also, the language pairs in Schoonbaert et al. (2009) and Guasch et 
al. (2011) were closely related languages (Dutch-English and Spanish-Catalan 
respectively), which may explain the stronger semantic priming effects found in 
their studies. As a result, direct comparisons between these findings may not be 
advisable. Further studies are needed to clarify the nature of translation priming 
and semantic priming in the bilingual lexicon, and the role of immersion experi-
ence on bilingual priming.

1.4 The present study

Our study aims to investigate the effects of language immersion on the bilingual 
mental lexicon using both translation and semantic priming. To begin with, previ-
ous priming studies demonstrating asymmetries in the bilingual mental lexicon 
mainly used non-immersed participants. There are also very few studies that ex-
plored the effects of immersion using the priming paradigm. Our present study 
addresses both issues by using the priming paradigm to study the bilingual mental 
lexicon of immersed and non-immersed participants, thus allowing us to evaluate 
which account of the ‘bilingual disadvantage’ is more plausible.

As reviewed above, many previous bilingual studies included only the cross-
language directions (L1-L2 and L2-L1). Our study extends such design by includ-
ing same-language directions (L1-L1 and L2-L2) for a more thorough comparison, 
as suggested by Altarriba and Basnight-Brown (2007). We also include both prim-
ing type (translation versus semantic) and language direction as within-subject 
factors, which allow us to shed light on the controversial nature of translation and 
semantic priming in the bilingual lexicon.
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We aim to examine how the immersion experience affects lexical processing 
of the two languages of high-proficiency late bilingual speakers. We used Chinese-
English late bilingual participants for our study because the scripts for the two 
languages are very different, and there are no cognates between them. Any prim-
ing effect found will not come from form similarity, but can be attributed to the 
connections of concepts and meanings in the conceptual store.

Based on previous studies showing stronger L1-L2 than L2-L1 priming and 
the ‘bilingual disadvantage’ from language immersion, we hypothesized the fol-
lowing for our immersed participants:

1. the L2-L2 priming effects should be stronger and the L1-L1 priming effects 
should be weaker than the non-immersed participants;

2. the asymmetry between L1-L2 and L2-L1 priming effects should be attenuated;
3. the reaction time to L2 and L1 should be more comparable.

2. Method

2.1 Participants

Two groups of Mandarin-English bilingual participants were recruited: 24 (3 male, 
21 female) participants in Hong Kong (non-immersed) and 19 (6 male, 12 female) 
participants in Chicago (immersed). All participants were Mandarin speakers 
from mainland China who learnt English in school settings. They started learning 
English at around nine years old at school and are considered late bilinguals (after 
the age of seven, Silverberg and Samuel, 2004).

In order to ensure that the immersed and non-immersed participants have 
similar level of English proficiency, we targeted students doing language studies 
for the non-immersed group. The non-immersed participants in Hong Kong were 
all studying for a MA degree in Linguistics in which the medium of instruction 
was English. They all majored in English for their undergraduate study at various 
universities in China before coming to Hong Kong. We tested them within the 
first two months of their arrival in Hong Kong to minimize the possible influence 
of Cantonese. Although they were in Hong Kong, they used mainly Mandarin 
Chinese with their peers outside the academic environment. Mandarin is widely 
spoken in university settings in Hong Kong, and also in many other situations 
(although to a lesser extent). Mainland Chinese students largely mingled among 
themselves (e.g. sharing a flat) in Hong Kong. The non-immersed participants 
were thus still in a Chinese-speaking environment and were Mandarin-dominant.
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All of the non-immersed participants had passed an English test of TEM-
4 (Test for English Majors administered to second-year university students in 
China), with 10 receiving excellent, 12 receiving good, 2 receiving pass. Out of the 
24 non-immersed participants, 13 had also taken the IELTS (9 being the high-
est score): six receiving 7.5 and seven receiving 7. For the two participants with 
a pass in TEM-4, one got 7.5 and one got 7 for IELTS. Thus, the non-immersed 
participants in Hong Kong can be regarded as having a high level of proficiency 
in English (see similar criterion in Dong et al., 2005; Zhao et al., 2011), but the 
domain of English use was very limited (Grosjean, 2013). The mean age was 23.5 
(SD = .78). They received course credits for participating in the experiment.

The immersed participants in Chicago were more heterogeneous. They were 
native Mandarin speakers from China studying various subjects at a university in 
Chicago in an English immersion environment. We did not restrict our recruit-
ment to English majors, as only very few Chinese students would do language 
studies in the United States. In addition, stricter control for the participants’ back-
ground was complicated by the fact that immersed participant recruitment was 
hampered by a general lack of interest in participating in studies outside of their 
immediate area of interests. The minimum IELTS score for international students 
to study at the university was 7, so all the immersed participants had at least this 
level of English proficiency, which was quite comparable to the non-immersed 
group. Their immersion duration ranged from three months to four years, with 
over half of the participants being in Chicago for less than one year. Their immer-
sion duration was very comparable to previous studies on language immersion 
discussed above (e.g. Tokowicz et al., 2004; Zhao et al., 2011; Degner et al., 2012; 
Morales et al., 2014; Malt et al., 2015). All the immersed participants indicated 
that they still used their L1 Mandarin. The mean age was 21.89 (SD = 3.36). They 
received a nominal fee for their participation in this study.

2.2 Materials

There were four language conditions in our experiment: Chinese prime Chinese 
target (L1-L1, CC), Chinese prime English target (L1-L2, CE), English prime 
Chinese target (L2-L1, EC) and English prime English target (L2-L2, EE). For each 
language condition, there were four semantic relations between the prime and the 
target: translation equivalent (for CE and EC, e.g., 白兔 – rabbit) or repetition 
(for CC and EE, e.g., basket – basket), semantically related (e.g., banana – apple), 
semantically unrelated (e.g., oyster – athlete), and non-word target (with a word 
prime, e.g. usage – nerdige). In each semantic relation, there were eight tokens 
which were all concrete nouns. So altogether, there were 128 stimuli in a with-
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in-subject design (8 tokens × 4 semantic relations × 4 language conditions). The 
Relatedness Proportion was 0.67 and the Non-Word Ratio was 0.5.

The SOA was 50 ms. A short SOA mainly involves automatic processing of 
semantic facilitation while a long SOA would involve strategic and controlled 
processing. Altarriba and Basnight-Brown (2007) recommended SOAs of 200 ms 
or shorter. Although the primes were not masked, the very short prime duration 
of 50 ms in our experiment was too short to be noticed by the participants. We 
asked some participants informally after the experiment where they had noticed 
the primes. They reported that they only saw something flashing very quickly be-
fore some targets, but could not see what the primes were. This could ensure that 
strategic processing by the participants was minimized.

Common words were used for both Chinese and English stimuli. Word 
frequency of the stimuli was checked using two online corpora: Corpus of 
Contemporary American English1 and the Chinese Internet Corpus.2 As they dif-
fered greatly in both size and scope, the frequency data in the two corpora were 
not directly comparable. The average frequency of the stimuli in different condi-
tions was 45 (Chinese) and 58 (English) times per million words.

Both Chinese and English stimuli were disyllabic concrete nouns. English 
stimuli were with five to nine letters. English nonwords were formed first by 
swapping the positions of the two syllables in disyllabic words. Then the letter 
sequences may be further modified so that the resultant nonwords look more like 
real words. None of the English nonwords was fake compounds. Chinese non-
words were formed by combining two real unrelated simplified Chinese characters 
which do not form a meaningful unit.

2.3 Procedure

The participants did the experiment (a lexical decision task) individually in a quiet 
room. The stimuli were presented to them using E-Prime 2.0 Professional with a 
desktop computer in Hong Kong and Chicago. There were four language blocks 
(CC, CE, EC, EE), and the order of the four blocks were randomized for each 
subject, and within each block the stimuli were also randomized. A short practice 
and short breaks between blocks were given. The participants were encouraged 
to respond as quickly and as accurately as possible. Both accuracy and reaction 
time were collected. The participants also did a survey about their language back-
ground after the experiment.

1. http://corpus.byu.edu/coca/

2. http://corpus.leeds.ac.uk/frqc/internet-zh.num
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3. Results

3.1 Reaction Time (logRT)

The participants’ reaction time data for the correct responses was first log-trans-
formed before being analyzed in a repeated measures ANOVA. Reaction time data 
is usually positively-skewed which violates the normality assumption of ANOVA. 
Therefore, we followed the traditional approach in psychological studies to log-
transform the reaction time data (logRT) for analysis (Ratcliff, 1993; Whelan, 
2008). Table 1 shows the mean RT of the two groups in ms and in logRT for ref-
erence.3

The within-subject factors were: Semantic Relations (Repeat/Equivalent, 
Related, Unrelated) and Language Conditions (Target-Prime pairs: CC, CE, EC, 
EE). Their interactions with the between-subject factor, Language Immersion (im-
mersed vs. non-immersed environment), were also checked. If the sphericity as-
sumption of any main effect or interaction was violated, the degree of freedom 
was adjusted with the Hyunh-Feldt epsilon in generating the F ratios and p values. 
Post-hoc analyses were done using t-tests with the appropriate Bonferroni adjust-
ed alpha levels. The error bars in the following figures show the standard errors.

First of all, we would like to see if there was any significant priming effect in 
different language conditions. The main effect of Semantic Relations was signifi-
cant (F(1.752, 71.852) = 159.233, p < .001, partial η2 = .795, see Figure 1a). Post-
hoc analyses show that the logRT was different between all Semantic Relations 
(p < .001). As expected, the logRT for Repeat/Equivalent was the fastest, and that 
for Unrelated was the slowest. The main effect of Language Conditions was also 
significant (F(2.008, 82.341) = 5.603, p = .001, partial η2 = .120, see Figure  1b). 
The logRT for the CC condition was significantly faster than that for all other 
conditions (CE: p = .005; EC: p = .029; EE: p = .03). Participants responded fastest 
when both the prime and the target were in their L1 Chinese.

3. Per advice of one of the reviewers, we employed the odd–even split-half estimates of internal 
consistency to assess the reliability of the logRT (Hughes et al. 2014). Cronbach’s alpha was not 
used because the exclusion of inaccurate trials resulted in each participant having slightly dif-
ferent amounts and patterns of missing data. There were 2064 trials in the even-numbered and 
odd-numbered test halves. The split-half reliability coefficient with Spearman-Brown correction 
for logRT is 0.6, suggesting that the reaction time responses are moderately reliable.
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Figure 1. Main effects of (a) Semantic Relations and (b) Language Conditions.

The significant interaction between Semantic Relations and Language Conditions 
(F(5.442, 223.113) = 14.873, p < .001, partial η2 = .266, see Figure 2) shows that 
priming effects differed according to language conditions. For “Repeat” (triangles 
in Figure 2), the logRT was shorter in the same language (CC and EE) than in 
the cross language conditions (CE and EC). The contrasts between CC and CE, 
CC and EC were significant (all p < .0028; the Bonferroni adjusted alpha was at 
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p = .0028). The other pairwise comparisons were not significant. The “Repeat” 
stimuli in CC and EE were actual repetitions, while they were translation equiva-
lents in CE and EC. This can explain why logRT was faster in the same language 
conditions than in the cross-language conditions. Language Conditions had little 
effect on the “Related” (circles in Figure 2). The logRT in the EE condition was 
slower than that in the CE condition (p < .001). For the “Unrelated”, the logRT in 
the CE condition was significantly longer than all other language conditions.
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Semantic relations
Related
Repeat
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Figure 2. Effects of Language Conditions on Semantic Relations.

Based on the significant Semantic Relations × Language Conditions interac-
tions, we calculated the priming effects in different language conditions us-
ing “Unrelated” as the baselines for comparison (Figure 3). The longer the bars, 
the stronger the priming effects are. All the priming effects were significant (all 
p < .005, the Bonferroni adjusted alpha level was at p = .006). Both translation 
priming (“Repeat” in the CE and EC conditions) and semantic priming (“Related” 
in the CE and EC conditions) effects were found.
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Figure 3. Priming effects in logRT using “Unrelated” as baselines (* p < 0.005).

Although the higher-order interaction of Semantic Relations × Language 
Conditions × Immersion was not significant (F(6,246) = 1.614, p = .144), which 
means that the two groups of participants did not differ in the types of priming, 
there was a significant interaction between Language Immersion and Language 
Conditions (F(3, 123) = 4.006, p = .009, partial η2 = .089, see Figure 4). The im-
mersed group responded faster to English targets (CE and EE) than the non-im-
mersed group did. The difference was significant in the EE condition (p = .004), 
and marginally so in the CE condition because of the stringent correction (p = .029, 
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Figure 4. Effects of Language Immersion on Language Conditions
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the Bonferroni adjusted alpha was at p = .0125). It is interesting to note that the 
logRT of the two groups did not differ for Chinese targets (especially for CC), and 
that the difference between the two groups for English targets was enlarged by the 
slower logRT of the non-immersed group. The logRT was quite similar across dif-
ferent language conditions for the immersed group.

3.2 Accuracy rate

The arcsine-transformed accuracy rates were analyzed in a repeated measures 
ANOVA with the same number of factors and interaction terms as in the analy-
sis for logRT discussed above. We arcsine-transformed the data because accuracy 
rates are count data and are binomial and thus violate assumptions of ANOVA.4

The factor Language Immersion was not significant and did not interact with 
any other factor, so both groups of participants behaved similarly in terms of accu-
racy. Similar to logRT, the Language Conditions × Semantic Relations interaction 
was significant (F(5.628, 230.752) = 2.988, p = .009, partial η2 = .068). Accuracy 
of the CE condition was significantly lower than the CC and EE conditions (all 
p < .002). The priming effects in the significant Semantic Relations × Language 
Condition interaction were calculated using “Unrelated” as the baselines for com-
parison. The priming effects for both “Repeat” and “Related” were significant only 
in the CE condition (p < .001; the Bonferroni adjusted alpha level was at p = .006), 
because of the low accuracy in this condition. For “Repeat” and “Related”, no con-
trast between language conditions reached significance (at the Bonferroni adjust-
ed alpha level of p = .0028).

Finally, as nonwords were not included in previous analyses, we tested the 
sensitivity for lexical decision by calculating d-prime using the Signal Detection 
Theory (Green & Swets, 1966). D-prime was computed based on hit and false 
alarm rates (Macmillan & Creelman, 1990). A larger d-prime means a better abil-
ity to differentiate true word targets and nonwords. The d-prime results were en-
tered in a 2 (Language Immersion) × 4 (Language Conditions) repeated measures 
ANOVA. There was a significant main effect of Language Conditions (F(2.436, 
99.866) = 4.822, p = .008, partial η2 = .105). However, no significant difference be-
tween any pair of language conditions was found in the post hoc tests. No main 
effect of Language Immersion was found, and the interaction between Language 
Immersion and Language Conditions was also not significant. We can conclude 

4. We also conducted the reliability analysis for the accuracy data, and the Cronbach alpha for 
the accuracy score is only 0.17. The low alpha is probably due to the fact that most of the re-
sponses were accurate, which means there was little variation in the data. As such, the accuracy 
results reported below should be taken with caution.
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that the two participant groups did not differ in their sensitivity towards the 
Chinese or English targets.

4. Conclusion

Our data show significant priming effects in both L1-L2 and L2-L1 directions for 
our high-proficiency late Chinese-English bilingual speakers. Similar to previous 
studies, there is an asymmetry in the priming direction with a stronger effect in the 
L1-L2 direction (see Figure 3), but the L2-L1 priming is also present. Translation 
and semantic priming in both language directions are observed for our bilingual 
speakers.

We have also found evidence that an immersion environment affects bilin-
gual priming patterns, but not in the form of ‘bilingual disadvantage’. The im-
mersed participants did not perform worse in their L1 than the non-immersed 
counterparts. Figure 4 illustrates the effects of immersion clearly: the two groups 
of participants did not differ in their reaction time to their L1, especially in the CC 
condition. Instead, the immersed English environment has narrowed the gap of 
reaction time difference between the two languages for the immersed participants, 
as compared to the non-immersed group. The immersion experience has instead 
brought an L2 processing advantage to the immersed participants as they could re-
spond to L2 targets with a speed similar to L1 targets. The asymmetry between the 
two languages in their mental lexicon is reduced. The accuracy and the d-prime 
data also confirms that there is no difference in their responses to the L1 between 
the two participant groups. In light of these results, we found no evidence of the 
so-called ‘bilingual disadvantage’ in our immersed participants.

As for the other research questions, we did find a weaker priming asymmetry 
between the two language directions for the immersed participants, and that their 
reaction time to L1 and L2 were more comparable. Although our data did not il-
lustrate any ‘bilingual disadvantage’ in the immersed participants, our results have 
nonetheless implications for the plausibility of the two accounts for the ‘bilingual 
disadvantage’ discussed in the Introduction, namely, language inhibition versus 
frequency of use.

Our results suggest that it is unlikely that the L1 of our immersed participants 
was inhibited, as our data demonstrates that they responded as quickly to their L1 
as to their L2. Compared to the non-immersed participants, their reaction time to 
the L2 had clearly speeded up. As both languages are always active in the bilingual 
speakers, the increased frequency of use of the L2 in an immersion environment 
has increased its activation level to that of the L1. The Complementarity Principle 
(Grosjean, 2013) also explains how domain of language use can affect language 
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dominance. Being in an L2 immersion environment means that the L2 is frequent-
ly being used in many domains, and often, many more domains than the L1. Our 
non-immersed participants mainly used English in a limited domain (i.e. dur-
ing academic study). As a result, the activation of L2 remains high in the mental 
lexicon of immersed participants because of the increased extent and frequency of 
use. It can even be higher than the L1 for these bilingual speakers, which can ex-
plain the ‘bilingual disadvantage’ found by some previous studies. Thus, our data 
lends more support to the frequency of use account than the inhibition account. 
In addition to priming, more online implicit tasks (e.g., eye-tracking), can further 
evaluate the plausibility of language inhibition and frequency of use.

The Revised Hierarchical Model (RHM: Kroll and Stewart, 1994) can account 
for the effects of language immersion quite well, as the RHM captures the develop-
mental change in linking between L1 and L2 and the conceptual store. The RHM 
predicts that processing asymmetries for each language direction should occur as 
a function of how strong the connections are. According to the RHM, the concep-
tual links are stronger between L1 words and the conceptual store than between 
L2 words and the conceptual store. As L2 proficiency increases, the links between 
L2 words and concepts will become stronger and speakers begin to rely more on 
these direct conceptual links rather than on the lexical links between L2 and L1. 
Although the RHM is more concerned about changes in L2 proficiency, it can be 
extended to account for changes due to language immersion as well. With similar 
L2 proficiency, language immersion increases speakers’ exposure to L2 which will 
also strengthen the conceptual links between L2 and the conceptual store, to the 
extent that these links may even outgrow those for L1. The strength and direction 
of connections between different levels of representations are not static in the bi-
lingual mind. An important strength of the RHM is its dynamic nature which can 
account for these environmental changes. Our findings show that the conceptual 
links will become stronger as exposure to L2 increases (i.e., more comparable to 
L1).

The effects of the length of immersion on the bilingual lexicon need to be 
further examined. Some previous studies demonstrated that a short immersion 
experience can already have an impact on the two languages of bilingual speakers 
(e.g., three months in Linck et al., 2009), while others have shown that a longer 
immersion experience is needed for its effects to emerge (e.g., 15 months or more 
in Tokowicz et al., 2004). All of our immersion participants had been in the US 
for less than four years, and over half of them had been there for less than one 
year. Their immersion duration was very similar to previous studies on language 
immersion. They were in the process of restructuring their languages (Grosjean, 
1998). For those who had been there longer, they may have already completed 
restructuring their languages. Given the dynamic nature of the bilingual lexicon, 
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future research may focus on the longitudinal development of bilingual speak-
ers who experience a longer change in linguistic environment, such as before and 
after studying/working aboard for an extended period. Comparisons with their 
performance before the change, during immersion, and at different stages after 
the change, and also with those having shorter immersion experience can provide 
valuable insights into the processing and representation of the two languages in 
the mental lexicon during restructuring.

Our findings can also shed light on the architecture of the bilingual lexicon. 
It was discussed in the Introduction that the nature of semantic and translation 
priming in the bilingual lexicon is debatable. We have found significant effects for 
semantic priming and translation priming in both L1-L2 and L2-L1 directions. 
More importantly, the different scripts in Chinese and English and the typological 
differences between the two languages ensure that any cross-language priming ef-
fect in our study would be due to the interconnection of the two languages in the 
mental lexicon and not due to orthographic form similarity. The stronger effect 
of translation priming than semantic priming found in various studies is not sur-
prising as there is more conceptual overlap between translation equivalents than 
semantically related words across languages, but this alone is not sufficient for 
Basnight-Brown and Altarriba (2007) to argue that they are stored and processed 
differently in the bilingual lexicon. Our findings are in line with Schoonbaert et al. 
(2009) who proposed that the difference between translation and semantic prim-
ing is only quantitative but not qualitative in nature, as both are conceptually me-
diated and not based on direct lexical connections.

Some studies suggested that the architecture of the bilingual lexicon depends 
on the age of acquisition. Silverberg and Samuel (2004) found semantic priming 
and mediated form priming (both implicate a shared conceptual level for the two 
languages) for early Spanish-English bilinguals who learned English before the age 
of seven in an immersion environment, but no such priming was found for late 
high-proficiency bilinguals who learned English in school after the age of seven. 
Instead, the late proficient learners showed form priming only which implicates 
that they have incorporated L2 words into the existing lexical level representation 
of their L1. Silverberg and Samuel modeled that the conceptual level is shared by 
the two languages for early learners only, while late proficient learners only have a 
shared lexical level with two separate conceptual stores. Similarly, Sabourin, Brien 
and Burkholder (2013) suggested that an early L2 age of acquisition was needed for 
L2-L1 translation priming to be present for their English-French participants. Late 
learners with proficiency similar to the early learners did not show such priming. 
They argued that the effect of age of acquisition is even more important than pro-
ficiency in shaping the bilingual lexicon. From this perspective, it is worth noting 
that both the immersed and non-immersed speakers in our study are late learners 
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with high L2 proficiency who started learning English after the age of seven. Our 
findings show clearly that significant translation and semantic priming effects are 
found in both language directions. Thus, the two languages are shared at the con-
ceptual level, and that highly proficient late bilingual speakers have direct access to 
word meaning from the two languages. Similar results were obtained by Degner et 
al. (2012), Guasch, et al. (2011) and Perea, Duñabeitia and Carreiras (2008).

There are some limitations of the current study. First, although all immersed 
participants have an IELTS score of 7.0 or above, as this is the minimal require-
ment of all overseas students in that university in Chicago, we did not collect their 
exact scores so no statistical comparison can be done between the two groups of 
participants. Second, we did not control for the number of senses of the words 
in our stimuli. A recent study shows that this factor can affect priming (Chen et 
al., 2014). Further priming studies on the effects of immersion should control for 
these more carefully.

In conclusion, we have demonstrated how immersion affects the two lan-
guages in the bilingual lexicon. Instead of inducing a ‘bilingual disadvantage’, the 
increased exposure to L2 in immersion environment has brought an L2 process-
ing advantage to the immersed participants and has weakened the asymmetry 
between the two languages. We have also shown clear cross-language priming ef-
fects in both language directions for both translation and semantic priming using 
typologically different languages, which suggests that the two languages of highly 
proficient late bilingual speakers are shared at the conceptual level, and that trans-
lation and semantic priming are qualitatively similar in the bilingual mind. Our 
work encourages further research of the mental lexicon as the two languages re-
structure in the mind of bilingual speakers.
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