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Abstract

This study explores lexical borrowing and loanword nativization from a neuro-cognitive
perspective testing bi-dialectal speakers of Standard Chinese and Shanghainese Chinese. We
created holistic and morpheme-based cross-dialectal loanwords for auditory sentence
processing and compared them with Shanghainese-specific words, code-switches, and
pre-existing etymologically related words. Participants rated their acceptance of each word,
indicating Shanghainese-specific lexical nativeness. GAM analysis of EEG signals revealed
that reduced acceptance correlated with frontal positive shifts in ERPs. Holistic loanwords
triggered P300-like shifts associated with form-mismatch, whereas morpheme-based
loanwords produced LPC-like shifts, suggesting sentence-level re-analysis, and N400-like
early frontal negative shifts, indicating lexical integration challenges. Our results indicate
that both lexical acceptance and adaptation strategies are pivotal in the cognitive integration
of loanwords, revealing distinct neuropsychological stages and pathways in loanword
nativization.

Highlights

• Studying lexical borrowing and loan nativization in bi-dialectal speakers using EEG.
• Neuro-cognitive processes of borrowed words in sentence comprehension.
• Reduced acceptance of loanwords with prolonged frontal positive ERP shifts.
• Holistically casted loanwords with P300-like ERP shifts related to form mismatch.
• Morpheme-based loanwords with LPC-like and early frontal negative ERP shifts.

1. Introduction

In a world of constantly evolving linguistic ecology, it is common for languages to coexist and
intermix. It becomes inevitable for language users to process a specific sentence structure,
wherein a Matrix Language forms the main part, and single words from an Embedded Language
are inserted (Myers-Scotton, 2009).

It is important to acknowledge that within this co-evolutionary linguistic ecology, the
acceptance of these embedded words as part of the Matrix Language can vary. Furthermore, as
language co-evolution progresses, the community’s perception of the “nativeness” of these
embedded words may shift.With increased acceptance and integration of these embedded words
into the Matrix Language, lexical borrowing occurs from the Embedded Language (in this case
referred to as the Source Language) into the Matrix language (now referred to as the Recipient
Language).

Extensive research demonstrates the significant role of lexical borrowing in language co-e-
volution, which transforms non-native words and phrases into native ones. Bilingual individuals
and those who speak multiple dialects frequently introduce loanwords during their conversa-
tions, facilitating the exchange and incorporation of these words between languages. Through
this collective behaviour, loanwords gradually become established in the Recipient Language and
are perceived as “native” (Giles et al., 1973; Poplack & Sankoff, 1984; Trudgill, 1986). Conse-
quently, borrowing-driven lexical nativization exerts a significant influence on virtually every
language worldwide.

Previous studies have investigated howwords are adapted cross-linguistically when presented
in isolation (Aktürk-Drake, 2014; Ernestus & Baayen, 2003; Kang, 2010; Swerts et al., 2021).
However, what neuro-cognitive processes are involved in loanword nativization during sentence
comprehension remains largely unclear. To answer this question, it is essential to investigate
whether listeners’ subjective evaluation of the loanwords’ nativeness would bias the neuro-
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cognitive mechanism adopted in comprehension. Also, it is neces-
sary to compare the distinctions between embedded loanwords and
words with other etymological profiles. These words may include
instantaneously inserted code-switched single words, translation
equivalents that are etymologically related and widely accepted as
native, as well as words specific to the Recipient Language. These
comparisons can provide valuable insights into the neuro-cognitive
changes that occur during loanword nativization.

To answer these questions, the current study uses electroen-
cephalography (EEG) data to compare lexical forms of various
etymological profiles in sentence comprehension. The investigation
has been launched into a case involving two dialects so that a broad
range of crosslinguistic lexical conditions can be encompassed.

1.1. Typology of embedded words

When considering the “nativeness” of intermixed words embed-
ded into the Recipient Language, it is important to compare
loanwords (which have achieved various degrees of acceptance
within that language) with other words with different etymo-
logical profiles. These may include code-switched words (which
are not adapted and often still perceived as “foreign” or “non-
native” with respect to the Recipient Language), cognates
(inherited from the same ancestor language), and words specific
to the Recipient Language (e.g., Dixon, 1997; Pagel et al., 2007;
Thomason, 2011). Prior to delving into our research questions, it
is necessary to review the definitions of these terms. The etymo-
logical information for the following example words is sourced
from Harper (2001).

• Code-switched words: words of one language (Embedded Lan-
guage, in our case aligned with the Source Language) embedded
in sentences of another language (Matrix Language, in our case
aligned with the Recipient Language) (Myers-Scotton, 2009),
e.g., the Spanish word “pero” used in the English sentence “He
came last night pero the thing was he stood up Millie’s house”
(Zentella, 1997, pp. 99, 119; adapted from Lipski, 2005).1

• Loanwords: words borrowed from one language (Source Lan-
guage) into another language (Recipient Language) (Crystal,
2003), e.g., the English word “music” used in the English phrase
“I likemusic” originated fromOld French “musique”. Note that
in an English context with French in the background, it is not
guaranteed that an average English speaker would recognize
“music” as a loanword. However, it is more likely for English
speakers to identify that the word “toufu” in the English phrase
“I like toufu” is borrowed.

• Cognates-a: words that languages inherited from a shared
ancestor (Crystal, 2003), e.g., the English word “father” in the
phrase “He is my father” shares a common origin with the
Dutch word “vader”, as both originated from Proto-Germanic
*fader. However, note that an average English-Dutch bilingual
individual may not be aware of this fact.

• Etymologically Related Translation Equivalent (ETEs): words of
common origin, including both Cognates-a (words that lan-
guages inherited from a shared ancestor, e.g., English “father”
with Dutch in the background) and Loanwords (words that
languages borrowed from each other, e.g., English “music”with
French in the background), also called “related words” by

historical linguists (Crystal, 2003),2 but sometimes both are
called “cognates” (hence Cognates-b).

• Recipient-language-specific words: words specific to the lan-
guage of the whole sentence (Recipient Language), which were
neither borrowed from the language in the background, nor
inherited from the same ancestor, e.g., in an English context
with French in the background, the English word “child” in the
phrase “This ismy child” is not related to its French counterpart
“enfant” in terms of origins.

Linguistic studies have suggested that etymological origins may
influence, yet be independent of, native speakers’ subjective intu-
ition of lexical nativeness (e.g., Poplack & Sankoff, 1984). As
previously explained, the term “loanword” encapsulates this
dichotomy. While loanwords maintain their etymological unique-
ness, their longstanding integration into the everyday lexicon can
blur the line between them and cognates in terms of perceived
nativeness. Theories of evolutionary linguistics have also high-
lighted the importance of both etymological origins and loanword
nativization in guiding the culture selection that modulates the
direction of lexical evolution (e.g., Thomason, 2011). However,
further empirical assessment is needed to elucidate the underlying
neuro-cognitive basis of these phenomena, which remains largely
unexplored. Importantly, the acceptance of specific lexical forms as
native to the Recipient Language can significantly differ for loan-
words compared to Recipient-Language-specific words and clearly
foreign code-switched words. While some loanwords are firmly
established and accepted as native, akin to Recipient-Language-
specific words, others may continue to be perceived as foreign.
These varying acceptance rates of loanwords reflect different social-
linguistic stages of loanword nativization. Consequently, these
loanwords become ideal candidates for investigating the cognitive
processes underlying loanword nativization.

1.2. Lexical nativeness and etymology from a neuro-cognitive
perspective

Neuro-cognitive studies on language nativeness often emphasize
the distinction between native and non-native listeners (Qiao &
Forster, 2017; Weber & Cutler, 2004; Zinszer et al., 2014), focusing
on speaker-specific effects in language processing. In contrast,
fewer studies have delved into the role of lexical nativeness and
etymology in speech comprehension, which pertains to how lexical
items are perceived and integrated within a speech community’s
native language framework. Our research adds to this discourse by
examining the neuro-cognitive aspects of lexical borrowing and
loanword nativization, contributing to the ongoing discussion
about lexical evolution.

In studies on lexical nativeness, etymologically related transla-
tion equivalent (ETE), also referred to as Cognate-b, have been
extensively investigated. These include both cognates from com-
mon ancestral languages and established loanwords. Bilinguals
typically exhibit a ‘cognate effect’ during the cognitive processing
of ETEs, showing more efficient processing compared to non-
cognate language-specific words (e.g., Dijkstra et al., 2010; Mulder
et al., 2015). While fewer studies have examined ETEs in sentences,

1For more general linguistic reviews of code-switching please refer to Bullock
and Toribio’s (2009) and Isurin et al.’s (2009).

2Note that linguistic cognates are not necessarily very similar in their modern
forms (e.g., English “mother” and French “mère”) or are exact translation
equivalents (e.g., English “image” and Japanese “imeji”, which means impres-
sion). However, the current study only focuses on the translation equivalents
that are still known as etymologically related.
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they report similar advantages (Bultena et al., 2013; Dijkstra et al.,
2015). We hypothesize that this efficiency may stem from bilin-
guals’ inclination to perceive ETEs as lexically native to both their
languages, thereby potentially enhancing lexical selection. Such
processing could underpin the well-supported non-selective acti-
vation theory (e.g., Duyck et al., 2007), suggesting that the cognate
advantage may be grounded in lexical nativeness. To our know-
ledge, the cognitive impact of such subjective lexical nativeness
evaluations on the processing of ETEs has not been previously
explored. Our study investigates this issue.

Another line of research has investigated single-word code-
switching. Studies of bilinguals’ comprehension of code-switching
(see Van Hell et al., 2015 for a cognitive review) suggest that it
comes with cognitive costs (for reviews of switching cost effects, see
Bobb & Wodniecka, 2013; Declerck et al., 2015) both in isolation
and in the comprehension of sentences (Bultena et al., 2015; Dijk-
stra et al., 2015; Guzzardo Tamargo et al., 2016; Kootstra et al., 2012;
Litcofsky & Van Hell, 2017; Valdés Kroff et al., 2018; Wang, 2015).
ERP studies on cross-linguistic auditory sentence comprehension
have indicated two ERP components for code-switching: the N400,
which is related to lexical integration, and the Late Positive complex
(LPC), related to sentence reanalysis (Van Hell et al., 2015, 2018).
Additionally, Liao and Chan’s (2016) code-switching research on
Mandarin-Taiwanese (Minnan) Chinese bilinguals3 showed evi-
dence of phonological mismatch negativity (PMN) and extensive
late negativity. It is unsurprising from a contact-linguistic perspec-
tive that switching costs exist, as code-switched forms may be
perceived as “foreign” to the Recipient Language. However, for
native bilinguals, these forms remain native in the context of their
other native language, just like ETEs.

Bringing together the two strands of research, it is evident that
embedded ETEs and single-word code-switching tend to have
opposite effects on sentence comprehension by native bilingual
listeners, although each can be considered to contain native lexical
forms for these individuals. Thus, this cognitive contrast may be
attributed to the different etymological profiles of their respective
lexical forms. Moreover, to date, no cognitive studies have com-
pared different etymological types against one another systematic-
ally. However, comprehensively examining the diverse range of
etymological profiles, including code-switched forms, loanwords,
cognates, and language-specific words, while also taking into
account individuals’ subjective intuition of lexical nativeness,
would facilitate a greater understanding of the cognitive transform-
ations that occur during loanword nativization.

To our knowledge, few neuro-cognitive or psycholinguistic
studies have systematically explored the interaction between lexical
etymology and individuals’ subjective intuition of lexical native-
ness. A recent study (Larraza & Best, 2018) suggested that lexical
nativeness may modulate speech comprehension, which compared
bilinguals’ phonetic-to-lexical mapping strategies to native L1 and
non-native L2 lexical forms. However, there is still little known
about the influence of language-specific lexical nativeness on pro-
ficient early bilinguals.

1.3. Cognitive mechanisms in lexical borrowing

Loanwords are usually phonologically and morphologically
adapted to the language they enter (Poplack et al., 1988). This

phenomenon is sometimes referred to as “phonological
nativization” (Daniel, 2005; Tarai, 2012). A recent study revealed
that native speakers’ acceptance of novel words is influenced by
formal novelty and lexical regularity (Lombard et al., 2021). More-
over, a recent longitudinal corpus study (Wu & Zhao, 2023)
revealed that cross-linguistic adaptation in language co-evolution
is not solely based on phonological similarity but is also mediated
by systematic phonological correspondence of morphemes, with
the complementary relationship between these mechanisms being
modulated by linguistic ecology. However, the impact of adaptation
on the comprehension of loanwords during the process of nativiza-
tion remains unclear.

Wu et al. (2021) proposed that there are two basic ways to adapt
“foreign” compounds: holistic casting and morpheme-based re-en-
coding. (1) Holistic casting adapts the loan forms to the Recipient
Language’s sound system based on similarity and phonotactics. For
instance, the Standard-Chinese word 虾米”dried small shrimps”
/ɕiᴀ55mi(214->2)/ can be assimilated into Shanghainese as
/ʃia55mi21/. This process can be taken as reversed from Perceptual
Assimilation (e.g., Best & Strange, 1992, PAM). (2) Morpheme-
based re-encoding involves translating source-languagemorphemes
and combining them into new words in the Recipient Language.
For example, the two morphemes that combine to form Standard-
Chinese 虾米/ɕiᴀ55mi2/ “dried small shrimps” can be translated
to their etymologically related Shanghainese morphemes, result-
ing in the morpheme-based loan form /hɷ53mi44/.4 Here, the
Shanghainese-adapted version may not sound very similar to the
original two syllables, despite the ontogenesis relationship between
the source and the adapted forms. Nevertheless, the morpheme-
based re-encoding still results in a loan form that reflects the
ontogenesis morphological alignment.

Holistic casting and morpheme-based re-encoding are evident
not only in speech production but also in speech comprehension.
Bi-dialectals as compared with monolectals are more likely to
adopt the morpheme-based mechanism in comprehension bor-
rowing (as well as production borrowing) (Wu et al., 2021).
However, bi-dialectals’ usage of these mechanisms in comprehen-
sion borrowing, especially in sentence context, still requires further
investigation.

1.4. Incorporating etymological and acceptancemanipulations

The current study investigates the neuro-cognitive signatures asso-
ciated with the comprehension of lexical borrowing and lexical
nativization by proficient and early bi-dialectals of Standard Chin-
ese and Shanghainese Chinese, using an ERP experiment of sen-
tence comprehension.

To manipulate the etymological profiles of lexical forms, we
created two types of paired “nonce” loanwords. For each pair, we
compared the loanwords to their corresponding forms in the
Recipient Dialect and code-switched forms that convey the same
meaning. Furthermore, we incorporated a frequency-matched list
of Recipient-Dialect words that have pre-existing etymologically
related translation equivalents (ETEs) in the Source Dialect but
differ in meaning from the previous types.

Specifically, following Wu et al.’s (2021) theory as reviewed
above, the lexical borrowing manipulation was split into two con-
ditions: the morpheme-based and the holistically casted. For
instance, for the same concept dried-small-shrimp, themorpheme-3Their case can be taken as Chinese bi-dialectism as well, but involves two

more-remotely-related dialects which have much fewer ETEs (according to
Tang & Van Heuven, 2009). 4Alternatively, a sandhi rule can be applied, yielding /hɷ44mi21/.
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based loanword would be /hɷ53mi44/ and the holistically casted
loanword /ʃia55mi21/.

The pair of loanwords was compared against three different refer-
ences. Firstly, the Shanghainese-specific compound /khᴇ55ɦiɑ̃ŋ21/
开洋 served as the baseline for high etymological nativeness in relation
to Shanghainese.

Secondly, the Standard Chinese source-forms, such as
/ɕiᴀ55mi2/虾米, acted as the baseline for low etymological native-
ness in relation to Shanghainese. This condition represents code-
switching to single words that are considered “foreign” to the
Recipient Language.

In addition, pre-existing Shanghainese translation equivalents
(ETEs) were included. These ETEs consisted of well-accepted
Shanghainese compounds that naturally corresponded to their
Standard Chinese equivalents and lacked well-known Shanghainese-
specific alternatives. For instance, the Shanghainese word “friend”
/bɑ̃ŋ22iɤ44/ 朋友 aligns etymologically with its Standard Chinese
translation equivalent /phəŋ35ioʊ214/ 朋友 and lacks notable
Shanghainese-specific alternatives. This comparison aimed to com-
pare between old and nonce borrowings. Also, this condition sup-
ports the investigation on the effects of Recipient-Dialect-specific
alternatives: the created loanwords have Shanghainese-specific alter-
natives, while the pre-existing ETEs have none.

The five etymological conditions are summarized in Table 1. To
achieve a better control, the carrier sentences were also made of
similar, naturally etymologically related translation-equivalents
(ETEs) in Shanghainese; this etymological profile is the most
common lexical context in modern Shanghainese conversation.

Regarding the comparison between the loan forms (1b, 1c
in Table 1) and Shanghainese-specific forms (1a in Table 1),
Shanghainese-specific lexical acceptance (Recipient-Dialect-specific
acceptance) for these forms was also taken into consideration, so
that the interaction between etymological nativeness and subjective
evaluation of nativeness can be evaluated.

Furthermore, by incorporating Recipient-Dialect-specific
acceptance into the design, we can gain a better understanding of
the cognitive mechanisms associated with the evolutionary lexical
changes during loanword nativization.

Interestingly, we also observed that Shanghainese-specific forms
(1a) displayed varying levels of acceptance as native Shanghainese
words. This indicates a reverse evolutionary direction of lexical
change, wherein certain Shanghainese-specific forms are being
replaced by competing loan forms, resulting in reduced acceptance
of these Shanghainese-specific forms among bi-dialectal speakers.

Thus, by measuring Shanghainese-specific acceptance rates for
the three types of forms (1a, 1b& 1c), we aim to compare the neuro-
cognitive correlates of the “reduced” lexical acceptance linked to
these two types of lexical changes—(lack of) loanword nativization
versus obsoletion.

Note that, instead of examining classical bilingual populations of
two distinct languages, we tested proficient and early bi-dialectals of
Standard Chinese (SC, also known as Putonghua or Mandarin
Chinese but in its narrow sense) and Shanghainese Chinese, who
come from bi-dialectal communities in the urban area of Shanghai.
As Trudgill (1986) noted, compared to bilingual populations,
examining bi-dialectals allows us to gain a more comprehensive
view of cross-linguistic dynamics.

The abundance of cross-dialectal lexical phenomena in both
past and present motivated us to select Shanghainese-Standard-
Chinese bi-dialectism as the test case. As a Chinese Wu dialect,
Shanghainese has checked tones and lacks diphthong vowels, but
is partially overlapping with Standard Chinese (SC) in sound

inventory and phonotactics (You, 2013). No direct data exists
about their mutual intelligibility, but a closely related dialect,
Suzhou Wu Chinese, is barely intelligible by SC monolectals
(5% in sentence, Tang & Van Heuven, 2009). Although not based
on mutual intelligibility, many Shanghainese words and mor-
phemes are related to their SC counterparts in etymology. This
provides us with a baseline of pre-existing ETE words and ETE
morphemes to construct morpheme-based loans. There are also
pre-existing Shanghainese-specific words, providing a baseline of
high etymological nativeness.

1.5. Research questions and predictions

Drawing on prior research on code-switching-related cognitive
costs as reviewed in 1.2, we hypothesize that decreased acceptance
of Shanghainese-specific lexical items will lead to processing chal-
lenges similar to those encountered in code-switching. These chal-
lenges are expected to manifest in lexical integration and sentence

Table 1. Etymological conditions. Stimuli in Conditions 1a-d organized by
concept

Condition Explanation example

(1) (a) Shanghainese-
specific form

Shanghainese words
that are not
etymologically
aligned with their SC
translation
equivalents — high-
nativeness baseline

/khᴇ55ɦiɑ̃ŋ21/ 开
洋 “dried small
shrimps”

(b) Morpheme-
based loan
forms

Loan forms generated
by combining
Shanghainese
morphemes that are
etymologically
related to their SC
translation
equivalents into new
Shanghainese words

/hɷ53mi44/ 虾米

“dried small
shrimps”

(c) Holistically
casted loan
forms

Loan forms adapted to
the Shanghainese
sound system based
on the similarity
between the source
SC lexical forms and
their phonologically
most-similar sounds
in Shanghainese,
which matches the
phonemic inventory
and phonotactic
regulations of
Shanghainese

/ʃia55mi21/ 虾米

“dried small
shrimps”

(d) Code-switched
forms

The source SC lexical
forms

/ɕiᴀ55mi2/ 虾
米“dried small
shrimps”

(2) Pre-existing ETEs Naturally pre-existing
Shanghainese
compounds that are
etymologically
related to their
Standard-Chinese
equivalents and have
no well-known
Shanghainese-
specific alternatives

朋友 “friend” /
bɑ̃ŋ22iɤ44/ (SC
ETE = /
phəŋ35ioʊ214/)
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reanalysis, with corresponding ERP effects such as the N400, LPC,
PMN, and extensive late negativity effects. Our analysis of the post-
critical-word EEG signal from 0 to 1,500 ms is designed to capture
these effects.

Due to the limited availability of Shanghainese-specific words
for sentence composition, our critical words were embedded in
sentences with prevalent etymologically related translation equiva-
lents (ETEs), which are the most common elements in the modern
Shanghainese lexicon. This approach differs significantly from
previous studies, allowing us to explore new neuro-cognitive terri-
tories. Except for the code-switching condition, the other etymo-
logical conditions have not been previously investigated neuro-
cognitively, prompting us to employ Generalized Additive Model-
ling to explore timed ERP effects.

Our predictions, which are based on the unique etymological
conditions in our study, are as follows: (1) Lexical forms with low
acceptance in a native sentence, akin to low cloze probability, may
elicit prolonged frontal positivity, as observed by Delong et al.
(2011). (2) Holistically adapted loan forms are anticipated to
exhibit stronger form-mismatch effects, such as P300, similar to
those reported in code-switching studies (Moreno et al., 2002;
Pablos et al., 2019) and in the monitoring of more general cross-
linguistic conditions (VonGrebmer zuWolfsthurn et al., 2021) and
speech error (Schiller et al., 2009). (3)Morpheme-based loan forms,
competing with existing Shanghainese-specific counterparts, may
show enhanced lexical integration effects, indicated by N400-like
shifts when compared to naturally occurring ETEs. (4) We antici-
pate that Shanghainese-specific forms with disrupted form-
meaning connections will trigger the most pronounced effects
associated with re-analysis. This expectation is rooted in the diffi-
culty bilingual speakers encounter when attempting to apply their
lexical knowledge to decipher these forms. Furthermore, examining
these forms will allow us to differentiate the contributions of later
lexical-semantic processes, such as the LPC and extended late
negativities, from earlier ones, like the N400 (Hubbard & Feder-
meier, 2021; Kutas & Federmeier, 2011). Despite the loss of overall
interpretability, these Shanghainese-specific forms consist of mor-
phemes that retain meaning and are phonologically recognizable in
Shanghainese. Consequently, we predict that the LPC and/or
extended late negativities, which have been associated with reanaly-
sis in previous studies, will be particularly evident in this condition.

These predictions are grounded in the distinct etymological
manipulations in our study, which enable us to distinguish the
various ERP effects associated with different loan-word conditions.
It is important to note that our focus on specific conditions does not
preclude the possibility of other ERP effects; rather, it aims to
provide a targeted exploration of the anticipated outcomes based
on our etymological manipulations.

2. Methods

2.1. Participants

Twenty-six early Standard Chinese-Shanghainese bi-dialectals
were tested (15 female, 11 male, age 18 to 41, M = 24, SD = 6.18,
AOA-Standard Chinese: M = 2.5, SD = 2.70; AOA-Shanghainese:
M = 0.54, SD = 1.90 years,5 all literate). They were recruited from
the urban areas of Shanghai, with internet flyers and word-of-
mouth, and received a payment of 100 yuan for their participation

in the 1.5-h experiment. Participants filled in an online question-
naire about their socio-linguistic background by themselves or with
the help of a native Shanghainese speaker to exclude non-urban
accents. They reported high proficiency in both dialects (self-rated
on a 0-10 scale, SC proficiency:M = 8.77, SD = 1.33; SH proficiency:
M = 8.46, SD = 1.33).

According to an interview, the bi-dialectal speakers from the
urban area of Shanghai “intermix” their two dialects on a daily
basis. All participants reported using Standard Chinese and Shang-
hainese frequently (self-rated usage-frequencies within the past
3 years on a 0 to 10 scale, SC usage:M = 9.31, SD = 0.97; SH usage:
M = 6.65, SD = 2.59). We calculated a dialect-dominance index by
subtracting SC usage-frequency from Shanghainese usage-
frequency. Twenty participants were Standard Chinese-dominant
(dominance indexM = 3.65, SD = 2.25), three were Shanghainese-
dominant (dominance indexM = –1.33, SD = 0.58), and three were
balanced. Note that the Shanghainese-dominant bi-dialectals also
use SC very often (frequency rated 8 or 9 out of 10).

2.2. Design and materials

A mixed design was adopted. Etymological conditions of critical
words and Shanghainese-specific acceptance of lexical forms were
manipulated.

The stimuli consisted of 56 semantically and grammatically
correct sentences. A full listing of the materials is presented in
Supplementary Materials, Appendix 1. As designed according to
Table 1, the sentence list consisted of two parts. Part (1) contained
36 sets of aligned sentences. Each set contained the same Shang-
hainese sentence carrying four different types of lexical forms of
the same meaning as the critical words: (a) Shanghainese-specific
forms, which are not etymologically aligned with their Standard
Chinese counterparts, e.g., /khᴇ55ɦiɑ̃ŋ21/ (开洋) “dried small
shrimps”, (b) morpheme-based loan forms, which were designed
by combining Shanghainese morphemes that are etymologically
related to the critical words’ Standard Chinese translation equiva-
lents, e.g., /hɷ53mi44/ (虾米) “dried small shrimps”, (c) holistically
casted loan forms, which were designed by assimilating Standard-
Chinese words as a whole into Shanghainese according to the
restrictions of Shanghainese phonology, e.g., /ʃia55mi21/ (虾米)
“dried small shrimps”, (d) code-switched forms, which are the
Standard Chinese versions of the critical words, e.g., /ɕiᴀ55mi214
(!2)/ (虾米) “dried small shrimps”. To form test sets, disyllabic
compound nouns specific to the Shanghainese dialect were selected
from Xu and Tao’s (1997) dictionary. These compounds were then
assigned morpheme-based and holistically casted loan forms based
on their Standard-Chinese translation equivalents. Part (2) con-
tained 20 baseline sentences, which were designed as Shanghainese
sentences with native Shanghainese critical words that are pre-
existing ETEs of their Standard-Chinese counterparts and have
no well-known Shanghainese-specific alternatives. In addition,
nine native Shanghainese sentences were included for practice at
the beginning but not included in the analysis.

All the sentences consisted of five words and seven-to-eight
syllables, and the position of the critical word within each sentence
was always located at the third word and after the same disyllabic
Shanghainese phrase 伊讲 /i55 gaŋ13/ ‘3rd-Person SAY’. Each
sentence contained a two-word trisyllabic phrase following the
critical word, which is in Shanghainese, e.g., 味道好/mi22dɔ44
ɦɔ13/ ‘tastes good’. All critical words were disyllabic (34 in Shang-
hainese, 33 in SC) or trisyllabic (two in Shanghainese, three in SC)
nouns. The four types of lexical variants aligned for the critical

5We made our best efforts to control the Age of Acquisition (AOA) within a
small range, but it was not incorporated into the modeling process.
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words were counterbalanced across participants, who nevertheless
listened to all the Part-(2) baseline sentences. Thus, concepts of the
critical words were not repeated for the same participant. An early
and highly proficient female Standard Chinese-Shanghainese
bi-dialectal recorded the sentences at 44,100 Hz. She had PSC level
2a for Standard Chinese and was verified with extensive Shanghai-
nese lexical knowledge by a questionnaire. Comparing her Shang-
hainese accent to the documentation (You, 2013) revealed that she
has a typical urban young-generation accent with some middle-
generation features.

The recorded sentences on average lasted 1,523 ms (SD = 118).
The critical words begin on average at 369 ms (SD = 47) after the
onset of the sentences and lasted 426 ms (SD = 79). As shown in
Table 2, the natural differences regarding duration and the onset
latency of critical words across conditions did not bias our analyses.

2.3. Procedure and EEG recording

Participants participated in two tasks: (1) an auditory judgment
task according to information provided by the stimuli sentences
with EEG data recorded, and (2) a Shanghainese sound-image
verification task.

2.3.1. (1) EEG experiment
Participants were instructed in Shanghainese that they would listen
to separate sentences, after hearing each sentence they would hear a
question and see a picture on the screen; then they had to decide
whether the imagewas a proper answer to the question according to
the information given in the sentence and press keys on a keyboard
to indicate their choices. The question and picture appeared 300ms
after the end of each test sentence.

Participants were seated 50 to 55 cm away from the screen in a
sound-attenuated electromagnetic shielding chamber. The EEG
data were recorded with 64 Ag/AgCI electrodes mounted in an
elastic cap (NeuroScan Inc., USA). Electrode locations consisted of
eight sites along the midline (FPZ, FZ, FCZ, CZ, CPZ, PZ, POZ,
OZ), 27 left lateral electrodes (FP1, AF3, F1, F3, F5, F7, FC1, FC3,
FC5, FC7, C1, C3, C5, T7, CP1, CP3, CP5, TP7, P1, P3, P5, P7, PO3,
PO5, PO7, O1, CB1), and 27 right lateral electrodes (FP2, AF4, F2,
F4, F6, F8, FC2, FC4, FC6, FC8, C2, C4, C6, T8, CP2, CP4, CP6,
TP8, P2, P4, P6, P8, PO4, PO6, PO8, O2, CB2). Bipolar recordings
were made above and below the left eye to monitor for vertical eye
movements and blinks. Bipolar recordings of the outer canthus of
the right and left eyes were made to monitor for horizontal eye

movements. Electrodes were re-referenced off-line to the average of
the left and right mastoids (M1 & M2). A NeuroScan SynampsRT
amplifier amplified the electroencephalogram (EEG) at a sample
rate of 1,000 Hz. Electrode impedances were kept below 10kΩ.

2.3.2. (2) Sound-image verification
Shanghainese-specific lexical acceptance of critical words was col-
lected with a Shanghainese-specific sound-image verification task
in E-Prime 3.0 (Schneider et al., 2002) after the EEG experiment.
The loan lexical forms and Recipient-Dialect-specific lexical forms
(see Table 1 and Section 2.2 Part-1, abc) were measured with a
Shanghainese-specific sound-image verification task to assess the
corresponding Recipient-Dialect-specific acceptance for each lex-
ical form, as an indication of the general subjective evaluation
within the linguistic community regarding the nativeness of each
lexical form.

The participants were aurally instructed in Shanghainese that
they would see objects and hear Shanghainese, and they were
required to press a key in each trial to indicate whether the sound
they heard was the way they named the object or the Shanghainese
people around them named the object in Shanghainese. This task
was conducted after the EEG experiment so that their judgement
would not influence the processing of stimuli sentences. To avoid
confusion from code-mixing during the judgement only critical
lexical forms for the Part-1(a)(b)(c) conditions were rated. The
proportion of acceptance responses across participants was calcu-
lated for each critical lexical form in order to model it further.
Figure 1 displays the by-concept distribution of Shanghainese-
specific lexical acceptance, with the three dimensions representing
the mean nativeness rated for the Shanghainese-specific form, the
morpheme-based loan form, and the holistically casted loan form
associated with the same concept.

2.4. Analysis of EEG data

2.4.1. (1) Preprocessing
An off-line 0.1 Hz high-pass filter was applied first to remove big
and slow body-motion artifacts. Then Independent Component
Analysis (ICA) from EEGLAB2019.0 (Delorme & Makeig, 2004)
was applied to each participant’s recording, to remove blinking,
vertical eye-movement, horizontal eye-movement, muscle-related
high-frequency artifacts, and remaining motion artifacts. Only
components that can be attributed to clear causes of artifacts were
removed, and any artifact components that may be mixed with
brain-related activities were kept. The artifact-free data went
through an off-line 30 Hz low-pass filter.

Onsets of critical words within stimulus sentences were manu-
ally marked and extracted with Praat (Boersma & Weenink, 2017)
scripts before the experiment. We used aMATLAB (2019) script to
mark the codes for lexical forms at the onsets of the critical words
within the corresponding participants’EEGdata. EEG signal curves
were extracted between�200 and 1,500ms post-critical word onset
with a baseline of 200 ms pre-critical-word activity, referring to
previous studies on the comprehension of code-switching
(following Fernandez et al., 2019; Litcofsky & Van Hell, 2017).

Trials with any remaining artifacts were excluded from the
analyses, first automatically with ERPLAB (Lopez-Calderon &
Luck, 2014) using a 100 dB threshold and then manually. Percent-
ages of excluded trials for each condition were: 5.13% for
Shanghainese-specific forms (12/234), 2.54% for morpheme-based
loan forms (6/236), 3.45% for holistic-casted loan forms (8/232),

Table 2. Durations of sentences, mean durations & onset latencies for critical
words (in ms, SD in brackets)

durations of
sentences

onset latencies
for critical
words

durations of
critical words

Shanghainese-
specific form

1455.42 (114.02) 349.33(45.94) 404.89(76.31)

Morpheme-based
loan forms

1519.38 (115.44) 383.78(38.56) 421.86(66.93)

Holistically casted
loan forms

1520.59 (143.15) 385.06(57.73) 446.22(106.22)

Code-switched
forms

1456.30 (110.16) 356.25(40.05) 424.11(66.62)

Pre-existing ETEs 1578.45(106.53) 386.15(37.95) 434.75(62.08)
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2.14% for code-switching (5/234), and 1.54% for pre-existing ETEs
(baseline, 8/520).

2.4.2. (2) GAM analysis
The EEG signal was time-locked to the onset of the critical words
(Shanghainese-specific forms, morpheme-based loan forms, holis-
tically casted loan forms, code-switched to SC forms, and the
Shanghainese version of pre-existing ETEs).

A counterbalanced design was implemented to prevent the
repetition of synonyms within the same participant’s experience.
Consequently, each participant completed nine separate trials for
each of the conditions (a, b, c, d) and participated in all 20 trials for
the pre-existing ETE condition (condition 2), which serves as a
baseline. This design decision, coupled with the limited availability
of suitable Shanghainese-specific words, resulted in a smaller num-
ber of critical lexical forms per participant compared to what might
be used in a classical ERP study. Despite our efforts to control for
factors such as length and frequency across different types of critical
forms, there remained potential lexical differences, such as the
distribution of phonemes, which could complicate the interpret-
ation of ERP effects.

To address these challenges and to make the most of the data
we collected, we employed Generalized Additive Modelling
(GAM). GAM allows us to directly model the non-linear dynam-
ics of EEG signals over time, capturing the detailed interaction
between these signals and the Shanghainese-specific acceptance of
lexical forms (Abugaber et al., 2023). A significant advantage of
GAM is its capacity tomodel the effects from specific lexical forms
and to account for idiosyncratic participant effects on EEG signals
in a non-linear manner. These effects are incorporated into the
model with random smooths, which effectively separate them
from the main experimental effects. This approach not only
mitigates the potential confounds of lexical variation and lower
trial numbers but also provides a more detailed and sensitive
analysis than traditional ERP methods, particularly suited to our
data and research questions.

Thus, no EEG signal waveforms were collapsed across trials.
Moreover, with GAM, we did not set time windows of interest
either because precise time windows with significant differences
can be and were detected post-hoc from the model results. Never-
theless, EEG signals were still collapsed within regions of interest

(ROI) factors involving anteriority (anterior, posterior) and lateral-
ity (right, left hemisphere). Following Litcofsky and Van Hell
(2017) and Fernandez et al. (2019), electrodes were grouped into
four ROIs: left frontal (“LF”: F3, F5, F7, FC1, FC3, FC5); right
frontal (“RF”: F4, F6, F8, FC2, FC4, FC6); right posterior (“RP”:
CP2, CP4, CP6, P4, P6, P8), and left posterior (“LP”: CP1, CP3,
CP5, P3, P5, P7).We alsomodeled EEG signals from threemid-line
electrodes (Fz, Cz, Pz). Considering the limitation of computational
power6, separate models were built for each ROI and mid-line
electrode.

We used the ‘mgcv’ package (Wood, 2017) in R (R Core Team,
2019) to perform GAM and significantly different time windows
across conditions were identified with time-sensitive post-hoc ana-
lyses on the GAM models, which were conducted with the ‘plot_
diff’ function from ‘itsadug’ R package (Van Rij et al., 2019) using a
1.96 criterion for standard error.

Three sets of GAM analyses were conducted with EEG ampli-
tude as the dependent variable: (1) The first model included a three-
level categorical predictor etymological condition to compare
morpheme-based loan forms and holistically casted loan forms
against Shanghainese-specific forms (baseline). The non-linear
effect of time and its non-linear interaction with z-scaled
Shanghainese-specific nativeness of lexical forms (referred to as
nativeness in the tables) were modelled within the same smooth
function using the “s” type of spline. The participant- and item-
induced variations were included in the random smoothes. We
built candidate models in a backward-dominant way (see the
Supplementary Materials, Rmd codes for details). These models
were compared base on the Akaike Information Criterion likeli-
hood values (Sakamoto & Ishiguro, 1986). (2) The second model
also included a three-level categorical predictor etymological con-
dition to compare the two types of loan forms against code-switched
forms (baseline). Since no data of Shanghainese-specific nativeness
of lexical forms were acquired for code-switched lexical forms
(which are just SC forms), only the non-linear effect of time on
EEG amplitude were assessed with GAMs using the “s” type of
spline. The participant- and item-induced variations were included
in the random smoothes in a similar way as in the first set. We also
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Figure 1. Two-dimensional planes illustrating the Shanghainese-specific acceptance of lexical forms (0-1) for Shanghainese-specific forms (SH-specific), morpheme-based loan
forms (morpheme-based), and holistically casted loan forms (holli. casted). Concepts are indicated by English text labels.

6The final models reported in the current study was fit in Ubuntu Xenial 16.8
environment with a SWAP of 40 GB & intel core i7, taking around 20 h.
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further stratified the data of the two types of loan forms into parts
with high (scaled nativeness ratings ≥ 0.5), median (scaled native-
ness ratings between �1.1 and 0.5), and low ratings of nativeness
(scaled nativeness ratings ≤�1.1) and built separate models to
compare them with the code-switched forms. (3) The third model
was built similarly to the models in (2) but compared the two types
of loan forms against pre-existing ETEs.

3. Results: ERP effects modelled with GAM

Participants had amean accuracy of 95.6% (SD= 3.2) on judgement
questions during the EEG recording, which indicates that they paid
attention to the stimuli.

See Figure 2 for the topographic maps of brain activity.

3.1. GAM analyses comparing loan forms against
Shanghainese-specific forms

The ultimate arrangement of the first GAM model that compares
the two types of loan forms with the Shanghainese-specific forms is
displayed in the highest cell of Supplementary Materials, Appendix
2 (Table 3). The two random termsmodelled the by-participant and
by-item random smoothes of time, indicating the non-linear influ-
ences from participant individuals and specific lexical forms.

T-statistics for the parametric coefficients compared the two
loan conditions against the baseline. The parametric coefficients
showed that morpheme-based loan forms elicited a significant
positivemain effect as compared with Shanghainese-specific forms,
in the left posterior region, t = 3.79, p < 0.001, as well as at FZ, t =
2.47, p < 0.05, CZ, t = 2.00, p < 0.05. F-statistics for the smooth
terms compared each manipulation level with the average level.
Hence to answer the research questions, post-hoc analysis is neces-
sary. We created surface plots for the partial effects of model
estimates (Figure 3) and ERP-like sliced curve plots for estimated
partial effects (Figure 5, first rows in each panel).We also calculated
the estimated difference between smoothes to generate estimated
differences (Figures 4 & 5) for ERP effects (Van Rij et al., 2019).

Firstly, taking ERP responses to Shanghainese-specific forms
that were mostly accepted as Shanghainese-native (scaled accept-
ance = 1.1) as the baseline for nativeness, the estimated difference
waveforms compared the other combinations of etymological con-
ditions (three levels) and scaled acceptance rates (high = 1.1,
median = –0.1, low = –1.5) against it. Time chunks with significant
differences in ERPwaveforms in this comparisonweremarkedwith
dash-separated time chunks with red solid lines in-between along

the horizontal axes in Figure 4. Taking together the shapes of
difference waveforms, ERP effects were generally more positive
with a decrease in acceptance as well as with the use of loan forms,
both exhibiting an increase in positivity. There were likely two
positive components, one before 600 ms, the other after 600 ms
following critical words.

Regarding time and scalp distributions, the reduction of native-
ness was largely responsible for the increase of early positivity,
although it had a varying effect on different Regions of Interest
(ROI) under different etymological conditions. For instance, in
addition to eliciting frontal positivity, an early ERP response to
Shanghainese-specific forms (shown in red in Figure 4) was more
pronounced in the right posterior region: when the acceptance
rate was at amedian level, the positive shift began at 92ms, whereas
with low acceptance it started at 6 ms; by comparison, in the
left posterior region this shift began much later, at 727 ms with
median acceptance and 796 ms with low acceptance. Moreover,
Shanghainese-specific forms with low acceptance elicited the largest
positive shift in ERP within all the non-baseline conditions in the
majority of regions and electrodes (except for the left posterior
region)

Similarly, regarding morpheme-based loan forms (shown in
green in Figure 4), the lowest acceptance rates, in addition to
eliciting frontal positivity, primarily increased right posterior posi-
tivity significantly within a 40–1,294 ms timeframe after the critical
words. This was much earlier than in the left posterior region,
where this shift began at 693 ms post-critical words.

Comparatively, holistically casted loan forms (shown in blue in
Figure 4) are more likely to elicit more positive-going timeframes
before 600 ms post-critical words. Moreover, early ERP responses
to holistically casted loan forms with high acceptance rates (left
lower sub-plots in the panels of Figure 4) were not only more
positively going than forms with median and low acceptance rates,
but also showed greater activation in the left and frontal sites, while
yielding no significant timeframes in the right posterior region.

The post-hoc comparison between EEG signals of the two types
of loan forms with each other, as well as against the Shanghainese-
specific forms was conducted, with scaled acceptance rates fixed to
high (=1.1), median (=�0.1), and low (=�1.5). The sliced partial
effect waveforms and difference waveforms are shown in Figure 5.

Given the high acceptance rates (shown in left sub-plots in each
panel of Figure 5), both types of loan forms elicited positive shifts of
ERP responses after 600 ms as compared with Shanghainese-
specific forms. However, in earlier time windows (<600 ms),
morpheme-based loan forms (b, green) hardly elicited more-
positively going timeframes compared to Shanghainese-specific

Figure 2. Topographicmaps. Rows from top to bottom: (1) Shanghainese-specific forms, (2)morpheme-based loan forms, (3) holistically casted loan forms, (4) code-switched to SC,
(5) pre-existing ETEs without Shanghainese-specific alternatives. Positivity is colored in red and negativity in blue.
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forms (a, red), except at the FZ electrode, where the positive time-
frame started at 29 ms. In contrast, holistically casted loan forms (c,
blue) elicited more-positively going timeframes that started very
early (earlier than 10 ms), compared to both Shanghainese-specific
forms (a, red) andmorpheme-based loan forms (green, b-a; purple,
c-b). With regard to scalp distributions, the positive ERP shifts for
morpheme-based loan forms were right-dominant, while those for
holistically casted loan forms were left-dominant (see significance
marker in Figure 5 for the rest of the details).

Given the median acceptance rates (shown in the middle sub-
plots in each panel of Figure 5), the ERP differences across the three
etymological conditions were more subtle. When compared to
Shanghainese-specific forms (b-a, green), morpheme-based loan
forms, elicited less-positively going timeframes late in the left-
posterior region (951 to 1,122 ms) and at the PZ electrode
(848 to 1119 ms), whereas holistically casted loan forms (c, blue)
elicited a more-positively going early timeframe at the FZ electrode
(212 to 487 ms) and a late timeframe at PZ electrode (762 to 1,157
ms) (c-a, blue). Furthermore, holistically casted loan forms (c, blue)
also elicitedmore-positively going early timeframes in left posterior
(127 to 436 ms) and right posterior (195 to 521 ms) regions (c-b,
purple) when compared to morpheme-based loan forms (b, green).

Given low acceptance rates, the Shanghainese-specific forms (a,
red) elicited the largest positive ERP shifts involving both early and
later timeframes, especially in the frontal regions, while the two
types of loan forms elicited less positively going shifts (b-a, green &

c-a, blue).Moreover, holistically casted loan forms (c, blue) elicited a
more positively going shift in an early timeframe (229 to 435ms) in
the left frontal region, as compared with morpheme-based loan
forms (b, green) (c-b, purple). These results are shown in right sub-
plots in each panel of Figure 5, with significancemarkers for details.

In summary, the results of this section indicate that: (1) both
borrowing and reduced nativeness ratings are associated with
positive ERP shifts. (2)Morpheme-based loan forms primarily lead
to late (>600 ms post critical words) positive ERP shifts, predom-
inantly involving the right hemisphere. (3) Holistically casted loan
forms are related to early (before 300 ms post critical words) as well
as late positive ERP shifts, with the early shifts greater. (4) Themost
pronounced ERP shifts in both early and late time windows were
observed for Shanghainese-specific forms with low acceptance rates
and holistically casted loan forms with high acceptance rates, yet
these ERP effects were right-dominant and left-dominant, respect-
ively, in scalp distribution.

3.2. GAManalyses comparing loan forms against code-switched
forms

The ultimate arrangement of the second GAM model that com-
pares the two types of loan forms with the code-switched forms was:
amp ~ s(time, by = etymology) + etymology + s(time, participantid,
bs = “fs”, m = 1) + s(time, item, bs = “fs”, m = 1).

Figure 3. The bi-dialectals’ partial effects for the interaction of time (horizontal axis) and scaled Shanghainese-specific acceptance of lexical forms (vertical axis), in left frontal
(upper left), left posterior (lower left), right frontal (upper right), right posterior (lower right), electrode FZ (upper middle), electrode CZ (center), and electrode PZ (lower middle).
Sub-plots within each panel represent the three etymological conditions: (a) Shanghainese-specific forms (left), (b) morpheme-based loan forms (middle), (c) holistically casted
loan forms (right). In each panel, the x-axis shows time in seconds, the y-axis displays scaled acceptance of Shanghainese-specific lexical forms, and color denotes partial GAM
smooth effects on EEG signals.
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Here we report t-statistics for significant parametric terms and
significant time-frames calculated from the estimated difference
between smoothes (Van Rij et al., 2019). Full model statistics are
reported in the tables in Supplementary Materials, Appendix 2
(Table 4).

When compared to code-switched forms, holistically casted
loan forms elicited significant positive shifts in the left posterior
region, t = 2.36, p < 0.05. The post-hoc difference estimates were
significant in a 23 to 126 ms post-critical-word timeframe on the
ERP waveforms in this ROI. This positive left-posterior ERP
difference, as shown by the stratified models, also applied for
loan forms with high acceptance rates, t = 3.27, p < 0.01, signifi-
cant timeframes = –1147 to 143 ms, 332 to 847 ms, and 1,071 to
1,277 ms, as well as for loan forms with low acceptance rates, t =
3.09, p < 0.01, significant timeframes = 6 to 212 ms, 487 to
624 ms, 762 to 951 ms, and 1,242 to 1,483 ms. In addition,
holistically casted loan forms with low acceptance rates also
elicited significant positive ERP shifts in other sites, including
the left frontal region, t = 2.20, p < 0.05, the right posterior
region, t = 2.00, p < 0.05, significant timeframe = 1,380 to
1,500 ms, FZ, t = 2.05, p < 0.05, significant timeframe = 1,311
to 1,380 ms, and CZ, t = 2.50, p < 0.05, significant timeframes =
40 to 178 ms and 916 to 933 ms.

Neither holistically casted loan forms with median ratings of
nativeness, nor morpheme-based loan forms showed any signifi-
cant difference when compared to code-switched forms.

3.3. GAM analyses comparing loan forms against pre-existing
ETEs

The ultimate arrangement of the second GAM model that com-
pares the two types of loan formswith the pre-existing ETEs and the
full model statistics are also reported in Supplementary Materials,
Appendix 2 (Table 5). Here we only report t-statistics for significant
parametric terms and significant timeframes calculated from the
estimated difference between smoothes (Van Rij et al., 2019).

When compared to pre-existing ETEs, morpheme-based loan
forms elicited a significant negative ERP shift in the left frontal
region, t = –3.30, p < 0.001. The post-hoc difference estimates were
significant in an early timeframe (–63 to 659 ms post critical word)
in this ROI. Additionally, stratified models revealed that this early
negative left-frontal ERP shift also applied for morpheme-based
loan forms with high acceptance rates, t = –3.11, p < 0.001,
significant timeframe = –114 to 659 ms. Moreover, morpheme-
based loan forms with high acceptance rates also elicited significant
negative ERP shifts in other sites, that is, early in the right frontal,
t = –3.00, p < 0.001, significant timeframe = 10 to 624ms, late in the
left posterior, t = –2.10, p < 0.05, significant timeframe = 1,260 to
1,311 ms, and right posterior, t = –2.07, p < 0.05 (long-lasting
difference but with no significant post-hoc time-frames).

Figure 4. Estimated difference waveforms comparing (a) Shanghainese-specific forms (red, first row in each panel), (b) morpheme-based loan forms (green, second row in each
panel), and (c) holistically casted loan forms (blue, third row in each panel), with high (left column in each panel), median (middle column in each panel), and low (right column in
each panel) acceptance rates as Shanghainese-native, against Shanghainese-specific forms with highest acceptance rates (high-nativeness baseline), in left frontal (upper left), left
posterior (lower left), right frontal (upper right), right posterior (lower right), electrode FZ (upper middle), electrode CZ (centre), and electrode PZ (lower middle), significant time
chunks marked.

7The mean of the 200 ms pre-critical-word activity was used as the baseline
reference when we extracted ERP waveforms. However, here the time chunk of
positive shift still started 114 ms before the onset of the critical word.
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Neither holistically casted loan forms, nor morpheme-based
loan forms with median or low ratings of nativeness showed any
significant difference as compared with pre-existing ETE forms.

4. Discussion

In this study, we sought to investigate the neuro-cognitive basis for
lexical borrowing and loanword nativization in sentence compre-
hension. Using EEG measurements, we investigated bi-dialectals’
speech comprehension of two types of loanwords (holistically
casted and morpheme-based), compared to dialect-specific, code-
switched, and pre-existing etymologically related translation
equivalent forms. Additionally, we investigated the influence of
the Recipient-Dialect-specific acceptance of lexical forms as an
indicator for the influence of subjective lexical nativeness.

4.1. Prolonged frontal positivity, etymology, and the reduction
of acceptance

A general finding of this study suggests that, in comparison to
highly accepted Recipient Dialect-specific words (high-nativeness
baseline), all other conditions elicited a prolonged positive shift in
frontal ERPs during auditory sentence comprehension. As not
consistently identified in previous neuro-cognitive studies on bilin-
guals, this shift may be attributed to the combined influence of
etymology and acceptance (the result of nativization).

Firstly, the EEG differences observed may be attributed to
etymological origins rather than participants’ intuition of lexical
nativeness, as loan forms systematically differ from highly native
Shanghainese-specific words only in terms of etymology, not in
acceptance within the Recipient-Dialect. Yet, this finding may still
be grounded in the participants’ knowledge—bi-dialectal partici-
pants are aware that the loanwords accepted in the Recipient
Dialect have corresponding forms in the Source Dialect and hence
can deduce that these words are not part of the original vocabulary
of the Recipient Dialect.

Secondly, we saw that the decreased acceptance of obsolete
Recipient-Dialect-specific lexical forms also introduced similar
positive frontal ERP shifts [see the red (a) waveforms in
Figure 4]. Since these words originate from the Recipient Lan-
guage itself, this finding indicates that frontal positive ERP shifts
are also related to an independent effect of the loss of lexical
nativeness.

However, the effects of nativization on loan forms may be more
intricate, as revealed by these ERP effects. As compared with the
high-nativeness baseline, the two types of loan forms, regardless of
their level of Recipient-Dialect-specific acceptance, elicited pro-
longed frontal positive shifts of ERPs [see the green (b) and blue
(c) waveforms in Figure 4]. Nevertheless, for each etymological
type, the reduced acceptance tends to show non-linear effects [see
the (b) and (c) panels in Figure 3]. Furthermore, a comparison
between loan forms and Recipient-Dialect-specific forms of similar
acceptance [see the (b-a) and (c-a) waveforms in Figure 5], also
revealed intricate influences of etymology.

Figure 5. Partial effects (first row in each panel) of (a) Shanghainese-specific forms (red), (b)morpheme-based loan forms (green), and (c) holistically casted loan forms (blue), as well
as estimated difference waveforms comparing these three conditions against each other (b-a, green, second row; c-a, blue, third row, c-b, purple, fourth row in each panel), with
high (left column in each panel), median (middle column in each panel), and low (right column in each panel) acceptance rates, in left frontal (upper left), left posterior (lower left),
right frontal (upper right), right posterior (lower right), electrode FZ (upper middle), electrode CZ (centre), and electrode PZ (lower middle), significant timeframes marked.
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Overall, these results suggest that etymology and acceptance of
loan formsmay both influence processing, though they interact in a
non-linear way. It is likely that the reduction of language-specific
acceptance for a given lexical form and having etymological know-
ledge about its external origin both can trigger real-time ERP
effects, which reflect violations of listeners’ expectations for lexical
forms, in agreement with previous findings related to the reduction
of cloze probability (Delong et al., 2011). Thus, in terms of evolu-
tion, fine-tuning to bi-dialectal lexical expectations in native sen-
tences may be the key neuro-cognitive step for loanwords to be
accepted as native.

4.2. LPC-like effects and sentence-level reanalysis

Examining Figures 4 and 5 inmore detail, we found that loan forms
elicited LPC-like late positive shifts when compared to Recipient-
Dialect-specific forms. This suggests that borrowing can also trigger
sentence-level reanalysis, which was also found by both Liao and
Chan’s (2016) and Fernandez et al. (2019) in their studies on intra-
sentential code-switching.

Moreover, compared with code-switched forms, holistically
casted loan forms with high or low acceptance rates evoked larger
late positive ERP shifts in the left posterior region (see Section 3.2).
This implies that the adaptation of the form of holistically casted
borrowing requires a stronger sentence-level reanalysis, possibly
also related to instantaneous online creation of new lexical repre-
sentations (Wu et al., 2021) in the left temporal lobe.

This cognitive barrier indicated by the LPC-like effects may
explain why only a small fraction of new or nonce loanwords tend
to remain in the Recipient Languages in the documented social
linguistic cases (Poplack et al., 1988; You, 2016).

4.3. Early left frontal positivity and form mismatch

In Sections 4.1 and 4.2, we have demonstrated that the ERP effects
of holistically casted and morpheme-based loanwords are very
similar. However, they also triggered neuro-cognitive differences.
Particularly, holistically casted loan forms elicited greater early
positive ERP shifts, especially in the left and frontal sites and
especially for those with high acceptance rates (see Figures 3, 4,
and 5). Additionally, the same kind of differences were observed
when comparing holistically casted loan forms with code-switched
forms (see Section 3.2). This effect overlaps with the P300 ERP
component, which was proposed to reflect match/mismatch with
working memory trace and be sensitive to the probability of stimu-
lus (Patel &Azzam, 2005). A P300was also found in code-switching
experiments, though in visual mode (Moreno et al., 2002). Based on
the current findings, it is possible that holistic casting, which
includes phonological adaptation and the creation of mental rep-
resentations for phonologically novel forms, leads to a more pro-
nounced form mismatch in the bi-dialectals’ working memory.
Consequently, this increased discrepancy captures greater attention
during the early stages of processing. In terms of evolution, vari-
ations in cognitive loads may result in an uneven selection process
among different loan-form alternatives.

4.4. Early left frontal negativity and morpheme-based
re-encoding

Although N400 effects had been found in most studies on code-
switching and had been associated with lexical integration (e.g.,
Fernandez et al., 2019), surprisingly, we did not find N400-like

effects in most of the comparisons. This suggests that lexical
integration was not the main issue introduced by cross-dialectal
borrowing and that the cognate advantagemay be more important
(Bultena et al., 2013) for the cognitive processing of loanwords.

However, we did observe early negative ERP shifts around
400 ms (although starting quite early) in the left frontal region
when comparing morpheme-based loan forms against pre-existing
ETEs (see Section 3.3). Moreover, stratified modelling showed that
this difference remained true for highly accepted morpheme-based
loan forms, which are also ETEs in nature. In this case, the ERP
difference could only be attributed to the fact that the highly native
morpheme-based loanwords have Recipient-Dialect-specific alter-
natives, which may introduce stronger lexical-level competition
and affected lexical integration, explaining the difference. Thus,
from an evolutionary standpoint, bi-dialectals and bilinguals may
be less likely to adopt new lexical forms to denote concepts that have
already been represented in a Recipient Language in order to avoid
the increased cognitive costs associated with lexical competition,
conforming to a Primacy Effect (Sam, 2013). However, notably
previous research (Wu et al., 2021) showed that bi-dialectals do not
necessarily adhere to the mutual exclusivity principle (Markman,
1992) when comprehending loan forms.

4.5. Neuro-cognitive correlates of obsoleteness

Although still known by our two young Shanghainese informants,
some Shanghainese-specific lexical forms were rated with low
acceptance rates in the Recipient Dialect Shanghainese (e.g.,
/lɐʔ1sɐʔ13/ “grid fence”). Obviously, these forms are becoming
obsolete. As noted in Section 4.1, the reduced acceptance of these
Shanghainese-specific lexical forms is related to prolonged positive
shifts of ERPs. In fact, the obsolete Shanghainese-specific lexical
forms elicited the largest positive frontal ERP shifts among all the
conditions.

Importantly, the obsolete Shanghainese-specific lexical forms
however differ from the other less accepted forms in the scalp
distribution of ERP effects. For instance, they did not elicit early
ERP shifts in the left posterior region but instead triggered early and
late right posterior positivity.

Note that these obsolete lexical forms etymologically originate in
the Recipient Language, so that they may still be phonemically and
morphologically familiar. The successful phonemic and mor-
phemic retrieval may explain the lack of left posterior effects.
Difficulties in processing these obsolete forms seem to be more of
a semantic nature. Form-meaning associations of these words have
already been broken, while they are not similar enough to their SC
translation equivalents for the bi-dialectals to guess the correspond-
ing lexical meanings. This explains the right posterior positivity and
large late frontal positivity responses. As we have associated pro-
longed positivity with the reduction of nativeness in the previous
discussion, we can claim here that, neuro-cognitively speaking,
obsolete Recipient Dialect-specific forms are even less “native” than
the loan forms least accepted by the bi-dialectal community, which
matches our research prediction (4). The observed ERP effects and
the subsequent disruption of form-meaning links potentially con-
tribute to the cognitive basis for both individual language loss and
the extinction of languages at the community level.

In our analysis, we employed Generalized Additive Modeling
(GAM) to dissect the EEG data, revealing cognitive processing
dynamics akin to traditional ERP components but without prede-
fined time windows. GAM’s capacity to model non-linear relation-
ships and accommodate participant variability made it an optimal
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choice for our study’s design, despite the limited trials per condi-
tion. This approach provides a robust platform for exploring cog-
nitive and neural mechanisms in language processing, as evidenced
by the ERP-like effects observed.

Taken together, this study showed that lexical borrowing and
loanword nativization are associated with bi-dialectal individuals’
cognitive processing. Such processing involves both phonological
and lexical challenges, but the amount of attentional resources and
difficulty of reanalysis may vary depending on the linguistic adap-
tation employed for borrowing. The findings of this study offer
insight into the cognitive basis for the selection of cross-dialectal
loan forms in co-evolving dialects and languages.

Supplementary material. To view supplementary material for this article,
please visit http://doi.org/10.1017/S1366728925000264.
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