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Abstract: The current study investigated the mental lexicon features of the Hakka-Mandarin dialect
bilingual from two perspectives: the structural features of lexicons and the relations between lexicons.
Experiment one used a semantic fluency task and complex-network analysis to observe the structural
features of lexicons. Experiment two used a cross-language long-term repetition priming paradigm
to explore the relations between lexicons, with three sub-experiments focusing on conceptual rep-
resentation, lexical representation, and their relations, respectively. The results from experiment
one showed that the dialect bilingual lexicons were small-world in nature, and the D2 (Mandarin)
lexicon was better organized than the D1 (Hakka) lexicon. Experiment two found that D1 and D2
might have partially shared conceptual representations, separate lexical form representations, and
partially shared lemma representations. Based on the findings, we tentatively proposed a two-layer
activation model to simulate the lexicon features of dialect bilingual speakers.

Keywords: dialect bilingual speakers; mental lexicon; complex-network analysis; semantic fluency
task; cross-language long-term repetition priming

1. Introduction

The bilingual mental lexicon has been explored for decades, yielding fruitful results.
However, the mental lexicon of dialect bilingual speakers, a variation of bilingual, has been
examined very little. Dialect bilingual speakers refer to those who speak more than one
dialect [1,2]. Among the dialects they speak, one is frequently used for social interactions
with family, namely the first dialect (D1). The other one is often used in a formal setting,
such as an educational setting, namely the second dialect (D2) [3].

Similar to the bilinguals who speak two distinct languages, the dialects spoken by di-
alect bilingual speakers may have distinct phonetic and syntactic systems [4]. However,
bilinguals and dialect bilingual speakers differ in terms of mutual intelligibility and politi-
cal and social conventions [1]. In terms of the intelligibility criterion, the languages spoken
by bilinguals are not mutually intelligible, while the dialects spoken by dialect bilingual
speakers are mutually intelligible [1]. Nevertheless, there are dialects that are not mutu-
ally intelligible, such as Hakka and Mandarin in Chinese dialects, and the criterion may not
count. In this case, political and social conventions may serve as a more suitable criterion.
Even though the dialects are not mutually intelligible, they both belong to the variations
of Chinese and henceforth are recognized as dialects [5]. Moreover, the dialects may share
more linguistic similarities compared with the separate languages spoken by bilinguals.
For example, Hakka and Mandarin share many cognates that originated from ancient
Chinese [1].

The similarities and differences between bilinguals and dialect bilingual speakers
cause us to wonder about the typical features dialect bilingual lexicons may demonstrate
and whether the models on bilingual lexicons are suitable for simulating dialect bilingual
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lexicons. Hence, the current study intended to explore dialect bilingual lexicon features
in the hope of deepening our understanding of dialect bilingual lexicon and gaining some
insights for the construction of a more generalizable bilingual lexicon model which may
incorporate dialect bilingual lexicon features into consideration.

1.1. The Structure of Bilingual Mental Lexicons

The bilingual mental lexicon has been explored from two perspectives: the structural
features of lexicons and the relations between lexicons [6]. Concerning the structural fea-
tures of lexicons, studies have focused on how words become organized and in what form
lexicons exist. As for the relations between lexicons, studies have focused on the relations
between the first language (L1) and the second language (L2) on the conceptual and lexi-
cal representations [7]. A conceptual representation refers to the semantic information of
words, and a lexical representation refers to lexical information, including phonological,
morphological, and syntactic information [7].

1.1.1. Structural Features of Bilingual Lexicons

Models on the structural features of lexicons have regarded lexicons as a network
where words are nodes, and nodes become connected with their relations with one an-
other [8]. Among the relevant models, the revised spreading activation model (SAM) was
the most prevalent, which assumed that words became connected with semantic similari-
ties and syntactic, morphological, and phonological similarities [9].

The structural features of lexicons have been explored with semantic fluency tasks [10].
The task asks participants to produce as many words as possible within a semantic category
in a limited time. The animal category is the most used because it is stable across languages
and cultures, making results comparable [11]. Additionally, the color category is often
used for further investigation because color bears relevance to the cultural background [12].
Such a category thus offers researchers an opportunity to observe a divergent domain from
the animal category on the lexicon structure.

The data of a semantic fluency task were analyzed by clustering and switching, which
was replaced by complex-network analysis. This is because the traditional approach in-
volves subjective judgment, undermining the reliability of the outcome [10]. Whereas
complex-network analysis can analyze the data with network science algorithms, render-
ing the results more objective and thus more reliable [10]. Complex-network analysis re-
gards the systems in focus as networks where the nodes represent individual entities, and
the edges represent the connections between entities [13]. It provides a tool for researchers
to model a lexicon as a network graph and analyze the network characteristics [14]. With
the merits of the approach, burgeoning research used it to investigate bilingual lexicon
structures. Before reviewing the relevant research, we first introduced the statistical net-
work features as follows.

Small-world property and community structure are the most explored network fea-
tures [15]. A small-world property refers to a network with high local clustering and short
global distance, where the activation could spread efficiently, and the structure of the ro-
bust system may not be easily influenced by outer interferences [15]. This property is char-
acterized by the clustering coefficient (CC) and average shortest path length (ASPL) [15].
CC refers to the probability that any two nodes are neighbors whose values indicate the
density of the neighborhoods within a network [16]. The average shortest path length
(ASPL) refers to the mean of the steps along the shortest path for all pairs of nodes, whose
values indicate the closeness among the nodes [16]. The small-world property of an em-
pirical network could be identified when the CC and ASPL of the network are larger and
smaller than the counterparts of a random network, respectively [17]. An empirical net-
work refers to a system that is generated with empirical data, whereas a random network
refers to a system that is generated with the same number of nodes as the empirical net-
work and a fixed probability. Small-world properties could also be observed when the
small-world index (S index) is larger than one [15]. Concerning community structure, it
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is often observed with the modularity index (Q index). The Q index measures how many
communities that a network could be partitioned into, whose values indicate the modular-
ity of a network [16].

Using complex-network analysis, studies on the bilingual lexicon found that both the
L1 lexicon and the L2 lexicon were small-world in nature, in spite of the language differ-
ences [10,18]. It meant that words within the L1 lexicon and the L2 lexicon were closely
connected, and activation within the systems could travel quickly. In addition, Wilks and
Meara [18] found that, with sparser neighborhoods and fewer complex structures, the L2
lexicon was less well-organized than the L1 lexicon. Borodkin et al. [10] also found that,
with denser neighborhoods and less community structure, the L2 lexicon was less well-
organized than the L1 lexicon. The previous work attributed the less well-organized struc-
ture of the L2 lexicon to the less use frequency in the L2 lexicon. However, so far, the
relevant studies on the bilingual lexicon are still limited, let alone the dialect bilingual
lexicon. Whether the dialect bilingual lexicon displays a similar structure to its bilingual
counterpart and which factors modulate the dialect bilingual lexicon await more research
for further understanding.

1.1.2. Relations between Bilingual Lexicons

Concerning the relations between lexicons, the revised hierarchical model (RHM) [19]
believes that L1 and L2 have a shared conceptual representation and separate lexical repre-
sentations, as displayed in panel A of Figure 1. The RHM assumes that at the beginning of
L2 learning, the L1 lexicon could directly access a conceptual representation, while the L2
lexicon could only access a conceptual representation via the L1 lexical representation. This
leads to an asymmetrical priming effect, with a larger effect in the L1-L2 priming condition
than in the reverse direction. Nevertheless, as L2 proficiency developed, the L2 lexicon was
associated more directly with a conceptual representation, leading to a symmetrical prim-
ing effect. The RHM was supported by numerous studies [20], but the shared conceptual
representation was problematic because words within a translation pair might not have
the same semantic features across languages and cultures [21]. If a conceptual representa-
tion were completely shared, a symmetrical priming effect would be obtained regardless
of L2 proficiency rather than the asymmetrical priming effect proposed by the RHM [22].

To tackle this problem, the sense model proposed that L1 and L2 had a partially shared
conceptual representation, as illustrated in panel B of Figure 1 [23]. The conceptual senses
of a word included the overlapped senses and specific senses belonging either to L1 or L2.
The sense model attributed the asymmetrical priming effect to language dominance, which
incorporates language proficiency and language use frequency [24]. Specifically, if L1 were
more dominant, the conceptual senses in L1 would be more prominent than in L2. Hence,
in the L1-L2 priming direction, L1 words would activate most of the senses of L2 words,
producing a priming effect. While in the reverse direction, L2 words could only activate
the partial senses of L1 words, leading to an absence of the priming effect. If L2 was as
prominent as L1, then the priming effect in both directions would be obtained. However,
the model also has a limitation: it has a rough discussion on lexical representation.

The separate lexical representations proposed by the model mentioned above neg-
lected that L1 and L2 shared cognates in some cases, which was addressed by the
WEAVER++ model [25-27]. As shown in panel C of Figure 1, to better simulate the cog-
nates within lexicons, WEAVER++ added a lemma representation that stored the syntactic
information of words. The lemma information could serve as the prototype for the pro-
duction of lexical forms. For cognates, the shared lemma would activate different lexical
forms. Additionally, WEAVER++ specifies the connections between representations to sim-
ulate the mechanisms of lexical perception and lexical production. According to panel C
of Figure 1, during lexical perception, the lexical form representation would first become
activated. Then, the activation would flow to the lemma representation, which finally ac-
cessed the conceptual representation to retrieve the meaning of a word. During lexical
production, the conceptual representation would first be activated. The activation then
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would transfer to the lemma representation, after which the lexical form representation
would become activated to retrieve the word forms needed for lexical production, includ-
ing the morphological and phonological forms. Nevertheless, the model did not provide
a comprehensive discussion on the conceptual representation and the interaction between
L1 and L2 in the conceptual and lexical representations.

(b)

< Lexical form

1'epresenm[i0n

Lexical semantic
Concept .
representation

Lexical perception

Lexical production

Word form > Lemma > Conceptual

perception retrieval identification

Conceptual Lemma Word-form . .
—> ——P ——® Articulation

identification retrieval encoding

Figure 1. The details of the bilingual models. Note. (a) The revised hierarchical model. From the
“Category interference in translation and picture naming: Evidence for asymmetric connection be-
tween bilingual memory representations” by J. Kroll and E. Stewart, 1994, Journal of Memory and
Language, 33 (2), 149-174. L1 refers to the L1 lexical representation, L2 refers to the L2 lexical rep-
resentation, and the concept refers to the conceptual representation shared by the L1 and L2 lexical
representations. (b) The sense model. From “The role of polysemy in masked semantic and trans-
lation priming” by M. Finkbeiner et al., 2004, Journal of Memory and Language, 51 (1), 1-22. L1 and
L2 refer to the lexical representation of L1 and L2. The white and light grey circles within the se-
mantic representation refer to the specific senses belonging to L1, and the dark grey circles refer to
the shared senses between L1 and L2. (c¢) The WEAVER++ model. Adapted from “Goal-referenced
selection of verbal action: Modeling attentional control in the Stroop task” by A. Roelofs, 2003, Psy-
chological Review, 110 (1), 88-125.

To examine bilingual models, the cross-language long-term repetition priming para-
digm has often been used [2,28,29]. Based on implicit memory, the paradigm, comprising
a study phase and test phase, could rid the results of the influence of translation and mem-
ory strategies [29]. The study phase involves information encoding, and the test phase
involves information extraction, and a cross-language long-term priming effect would be
obtained if the encoding process recurs in the extraction process [28]. In both phases, the
participants would be presented with learned words (which appear in the study phase)
and unlearned words, during which they need to finish the animacy decision task or lexi-
cal decision task. The animacy decision task taps into the conceptual representation, and
the lexical decision task draws upon the lexical representation, which is because the former
task becomes more involved with conceptual processing while the latter task is more asso-
ciated with perceptual processing [29]. This means that we could investigate the relations
between lexicons from different perspectives using different tasks in different phases.

In summary, fruitful findings were obtained on the bilingual lexicon structure. How-
ever, few attempts were conducted in exploring the dialect bilingual lexicon structure.
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1.2. Dialect Bilingual Mental Lexicon Structure

Concerning the structural features of the dialect bilingual lexicon, few studies exist.
Compared with the bilingual lexicon, whether the dialect bilingual lexicon displays a sim-
ilar or different structure and how words within the lexicon become organized remain
unsolved questions.

As for the relations between lexicons, the existing studies mainly focused on con-
ceptual representation [2,30]. Zhang and Zhang [30] used a cross-language long-term
repetition priming paradigm to investigate the conceptual representation of Cantonese-
Mandarin dialect bilingual speakers. They merely obtained a D1-D2 priming effect.
Yi et al. [2] employed a repetition priming paradigm to explore the conceptual represen-
tation of Mandarin-Cantonese and Cantonese-Mandarin dialect bilingual speakers. Sim-
ilarly, Yi et al. merely gained a priming effect in the D1-D2 direction. The absence of a
symmetrical priming effect despite the equally high proficiencies in the two dialects of
these dialect bilingual speakers indicates that D1 may connect more tightly with the con-
ceptual representation regardless of language proficiency [2]. In this case, the age of ac-
quisition of dialects may be a more influential factor in the configuration of a conceptual
representation [31]. Since participants in the previous work acquired D1 at an earlier age
than D2, the conceptual senses of D1 may be more entrenched than those of D2, result-
ing in a tighter connection between D1 and a conceptual representation. Moreover, the
existing studies only focused on the conceptual representation while ignoring the lexical
representation, and this creates difficulty for us to understand the relations between di-
alects comprehensively [32]. Furthermore, the previous work only focused on the type of
dialect bilingual speakers whose dialects were very phonologically distinct and lexically
similar to Cantonese and Mandarin, neglecting other types of dialects that share more lin-
guistic similarities. Researching this type of dialect bilingual speaker may shed light on
understanding the dialect bilingual mental lexicon.

A Hakka-Mandarin dialect bilingual speaker in the Guangdong province of China
is a typical example of this type of speaker. According to the research findings on the
evolution and linguistic distance of Chinese dialects, Hakka was found to be an admix-
ture dialect of northern Chinese dialects, such as Mandarin, and southern dialects, such as
Cantonese [33,34]. Similar to Mandarin, Hakka also originated from ancient Chinese and
used the Han writing system as orthography [35]. This confers more linguistic similarities
between Hakka and Mandarin, like a large proportion of cognates [1,33], in contrast to
more apparent differences between Cantonese and Mandarin that were the focus of pre-
vious work. Given the special characteristics of such a type of speaker, the lexicon struc-
ture of Hakka-Mandarin dialect bilingual speakers “deserves due attention from Chinese
academia” [36].

Henceforth, the current study intends to examine the mental lexicon features of Hakka-
Mandarin dialect bilingual speakers, focusing on two questions: (1) what are the structural
features of Hakka-Mandarin dialect bilingual lexicons? To be specific, are D1 and D2 lex-
icons small-world in nature? How do the words within the D1 and D2 lexicons become
organized? (2) What are the relations between the lexicons? This second question includes
three sub-questions: What are the relations between D1 and D2 in conceptual representa-
tion? What are the relations between D1 and D2 in lexical representation? Furthermore,
what are the relations between the conceptual and lexical representations? By investigating
these questions, we could observe the dialect bilingual lexicon features more comprehen-
sively. Moreover, we could also gain more insights into the development of the theory on
the bilingual mental lexicon.

2. Experiment One

To answer the first question, we used a semantic fluency task and complex-network
analysis because, as mentioned above, the semantic fluency task is commonly used in ex-
ploring the issue, and complex-network analysis renders the results more objective.
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2.1. Method
2.1.1. Participants

Thirty-two students (nine males) from a university participated in the experiment and
received a small amount of money for their participation. Before the experiment, they com-
pleted a modified bilingual language profile questionnaire [37], which required them to
report their age of acquisition of the dialects and self-rate scores for their proficiency in
D1 and D2 in terms of listening and speaking competencies (Hakka native speakers sel-
dom use Hakka in reading or writing). The results showed that the participants were ex-
posed to Hakka since birth and began learning Mandarin around the age of 4.8. Their pro-
ficiency in listening (M-Hakka = 4.91, M-Mandarin = 5.38, t = 1.935, p > 0.05) and speaking
(M-Hakka = 5.03, M-Mandarin = 4.56, t = —1.754, p > 0.05) did not differ significantly be-
tween D1 and D2. Additionally, according to their verbal report, the participants used D1
more frequently during their interaction with family, while they used D2 more frequently
in a formal setting. As college students, they had been immersed in an educational setting,
leading to their higher use frequencies in D2.

2.1.2. Design

We used a semantic fluency task with animal and color as semantic categories. As
mentioned above, the animal category embodies more general world knowledge, and the
color category represents more of the cultural background [12]. Moreover, in both D1 and
D2, there is a large number of words in the animal and color domains because these words
are essential in the daily life of the speakers. Researching the lexicon structure with these
categories offered us a more representative picture of the structural features of the dialect
bilingual lexicon.

2.1.3. Procedure

Before the experiment, the participants practiced the task with family and furniture
as semantic categories. Then they began using D1 or D2 to produce the words belonging
to either the animal or color category within one minute. The sequences of the dialects
and the semantic categories were counterbalanced. The oral responses were recorded and
transcribed into Excel form.

2.2. Data Processing

The data processing included data preprocessing, the construction of a word corre-
lation lexical network, the calculation of network parameters and network visualization,
and the validation of the network analysis.

During the data preprocessing, the Hakka-color, Hakka-animal, Mandarin-color, and
Mandarin-animal lexical matrices were first collected. Subsequently, they were converted
to incidence matrices, where each top-line listed all the words the whole sample produced,
and the rows presented the value of the responses of the participants. If a participant
produced a certain word, the value in the relevant cell would be 1. If not, the value would
be 0. All data were analyzed with the igraph package (version 1.3.5, Csardi & Nepusz) [38]
of R software (version 4.1.2, R core team, Vienna, Austria) [39].

As for the construction of the word correlation lexical network, we considered the
words that the participants produced as the nodes and the correlation coefficients between
the words as weights on the edges [13]. Weights, specifically, the correlation coefficients,
were obtained by converting the four incidence matrices into correlation matrices. With the
nodes and weights, four weighted and undirected networks were constructed. However,
the correlation coefficients between the words were relatively low, leading to an absence
of some topological relations. This was tackled using the minimal spanning tree, which
is a weighted subgraph with minimum total edge weight. This approach is often used to
maximize the relations between the nodes within a network and to delete the edges with
relatively low weights [40].
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Additionally, to observe the network features, we obtained network visualizations
and network parameters, including the number of nodes, CC, ASPL, S index, and Q in-
dex. Moreover, to validate the network analysis, we constructed Erdds-Rényi random
networks to see whether the empirical networks differed significantly from the random
networks [41].

2.3. Results and Analysis
2.3.1. Word Correlation Lexical Network and Network Visualization

The network parameters are displayed in Table 1, which shows that the CC and ASPL
of all four lexical networks were larger and smaller than the corresponding values of the
random networks, respectively. Moreover, the small-world indexes were all larger than 1.
This suggests that all the lexical networks were small-world in nature [15].

Table 1. Lexical network parameters.

N ASPL ASPLran CC CCran S Q
Hakka-animal 40 1.024 1.355 0.979 0.951 1.362 0.731
Mandarin-animal 55 1.016 1.363 0.986 0.966 1.370 0.782
Hakka-color 41 1.006 1.352 0.994 0.970 1.377 0.720
Mandarin-color 41 1.037 1.359 0.970 0.940 1.353 0.722

Note. N = number of nodes; ASPL = average shortest path length; ASPLran = average shortest path length of a
random network; CC = clustering coefficient; CCran = clustering coefficient of a random network; S = small-world
index; Q = modularity index.

Moreover, in the animal category, the CC and Q indexes of the D2 lexical networks
were larger than the ones of the D1 networks (CC-Mandarin = 0.986; CC-Hakka = 0.979;
Q-Mandarin = 0.782; Q-Hakka = 0.731), indicating that the D2 networks were more densely
connected and more modular. In other words, the D2 lexicon displayed denser neigh-
borhoods and more separations among communities, where the lexical nodes could con-
nect with each other easily, and information could be transferred efficiently. For the color
category, the CC and Q indexes of the D1 lexicon were larger and smaller than the
counterparts of the D2 lexicon, respectively (CC-Mandarin = 0.970; CC-Hakka = 0.994;
Q-Mandarin = 0.722; Q-Hakka = 0.720), indicating that the D1 networks were more densely
connected and less modular. Namely, the words within the D1 lexicon displayed denser
neighborhoods and a lower likelihood of grouping into subcategories. Consequently, words
within the D1 lexicon might become trapped in rigid neighbors and thus render it difficult
for the lexical information to transfer [10]. Taken together, the results from different cat-
egories both indicated that the lexical information within the D2 lexicon would become
transferred in a more efficient manner.

Furthermore, to see how the words became organized, we obtained network visual-
izations, which are displayed in Figures 2-5. The different colors in the figures represent
the different clusters of lexical nodes. As shown in these figures, the words were organized
in a random manner. However, some words tended to cluster according to semantic, mor-
phological, syntactic, and phonological similarities. For example, in Figure 2, the nodes
“chicken”, “goose”, and “fish” were associated because all these animals are domestic an-
imals. In Figure 5, the nodes “dark red”, “scarlet”, and “rose red” were clustered, which
might be because they all represent different degrees of the color red. Furthermore, in
Figures 4 and 5, “green/indigo” and “blue” were connected because the Chinese often as-
sociate them with the famous saying, “ % i T #i 1M i T (Indigo is extracted from the
indigo plant but is bluer than the plant from which it comes). This suggests that some lexi-
cal nodes might be associated with semantic similarities. In addition, in Figure 3, the nodes
“peacock” fL.# [kong que] and “dinosaur” 24 J¥ [kong 16ng] were associated, which might be
because they shared the initial phoneme “kdng”. This suggests that lexical nodes might also
become clustered according to phonological similarities. Moreover, words were also orga-
nized with morphological and syntactic similarities. For example, in Figure 2, “chicken”
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X [j1] and “goose” #5 [é] were connected because they shared the same Chinese radical
“ 97 (bird).
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Figure 2. Network visualization of the Hakka-animal lexical network.
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Figure 3. Network visualization of the Mandarin-animal lexical network.

2.3.2. Network Validation

Random networks were generated with a similar number of nodes to the four lex-
ical networks and a fixed probability (0.5) [42]. For each lexical network, 1000 random
networks were generated, and their CC, ASPL, and Q index were computed. The mean
values of the network parameters of 1000 random graphs were compared with the counter-
parts of the lexical networks. We found that the parameters of the lexical networks were
significantly different from those of the random networks (CC: t = 95.469, p < 0.001; ASPL:
t=—74.127, p <0.001; Q: t = 44.079, p < 0.001). Thus, the network analysis for the study
was validated.

In summary, the results of experiment one showed that the Hakka-Mandarin dialect
bilingual lexicons displayed small-world properties, and the lexical information within the
D2 lexicon would become transferred more efficiently. In addition, the words within the
networks were organized with semantic, morphological, syntactic, and phonological sim-
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ilarities. However, the results could not let us understand the relations between lexicons.
Thus, we conducted experiment two for exploration.
? E@ Yefogeen
Y. O ;’4:; cllow ® oev
0 .‘: o ' o
J

(ange
@ browmess

\
// \ &, darkred lm’l‘*%dﬁ?w </k\b / )

. earthy \cl]o‘.\

@ hght red
@ deep bhe
@ pxk

| @ bght blne

[

[

| @ scalet
T black
@ Echt purple

Figure 4. Network visualization of the Hakka-color lexical network.
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Figure 5. Network visualization of the Mandarin-color lexical network.

3. Experiment Two

To answer the second question, we used a cross-language long-term repetition prim-
ing paradigm. Experiment 2a used an animacy decision task in the study and test phases
to explore the conceptual relations between D1 and D2. Experiment 2b used a lexical deci-
sion task in both phases to explore the lexical relations between the dialects. Experiment
2c used a semantic fluency task in the study phase and a lexical decision task in the test
phase to explore the relations between the conceptual and lexical representations. Since
Hakka natives seldom use Hakka in the orthographic form, experiment two was conducted
auditorily to guarantee ecological validity.

3.1. Experiment 2a

Experiment2amainly observed whether D1 and D2 shared a conceptual representation.
We assumed a shared conceptual representation if a cross-language priming effect occurred.
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3.1.1. Method
Participants

Thirty-two students (nine males) from a university participated in the study. Prior to
the experiment, they completed thebilingual language profile questionnaire [37]. Theresults
showed that participants were exposed to Hakka since birth and began learning Mandarin
around the age of 4.23. Their proficiency in listening (M-Hakka = 5.23, M-Mandarin = 5.39,
t=0.62, p > 0.05) and speaking (M-Hakka = 5.00, M-Mandarin = 5.15, t = —0.52, p > 0.05)
did not significantly differ between D1 and D2. They reported that they more frequently
used D1 in informal settings and more frequently used D2 in formal settings. Since they
were all college students who were immersed in an educational setting, they used D2 more
frequently in this case.

Design and Materials

The experiment used a 2 (stimulus type: learned and unlearned) x 2 (language con-
dition: D1-D2 and D2-D1) two-factor within-subject design. The D1-D2 condition refers to
the situation where participants listened to Hakka words in the study phase and listened
to Mandarin words in the test phase, whereas the D2-D1 condition used the reversed order.
The priming effects of different language conditions and stimulus types were observed as
dependent variables.

We originally selected 100 Mandarin animate words and 100 Mandarin inanimate
words from previous work [2,43]. They were disyllabic words, with inanimate words se-
lected from object, clothes, architecture, and place categories, and the animate words were
selected from person, profession (such as doctor or teacher), animal, plant, fruit, and veg-
etable categories [2,29,43]. All these words were translated into Hakka by six Hakka native
speakers from the Guangdong province, after which we invited a post-graduate student to
record the materials who spoke standard Hakka and passed the Mandarin proficiency test.
The audio files were 16 bits and 4800 Hz in size and were approximately 900 ms in length.
Each file was edited, and its noise was reduced with Adobe Audition Software (version
6, Adobe Inc., San Jose, CA, USA). To guarantee the high familiarity of participants with
the words, we invited 15 homogeneous subjects who did not join the formal experiment to
rate their familiarity with the materials on a 7-point scale (1 meant not at all familiar and
7 meant very familiar).

Eventually, 40 pairs of animate words and 40 pairs of inanimate words were chosen.
No significant difference was found in the familiarity between the Hakka and Mandarin
words (M-Hakka = 6.63, M-Mandarin = 6.86, t = 1.50, p > 0.05). The 80 pairs of words were
divided randomly into two groups, one for the D1-D2 condition (20 pairs of animate words
and 20 pairs of inanimate words) and one for the D2-D1 condition. The words within
each condition were further split into two groups. Each group had 10 pairs of animate
words and 10 pairs of inanimate words, and they were used as the learned words and
unlearned words, respectively. Moreover, 120 pairs of words were selected as fillers, with
60 pairs for the D1-D2 condition and 60 pairs for the D2-D1 condition. All the materials
were counterbalanced within and between subjects, forming eight sets of materials.

Procedure

The experiment was carried out with E-prime 2.0 software (version 2.0, Psychology
Software Tools, Pittsburgh, PA, USA) [44], and it included study and test blocks in both
language conditions. Before the experiment, the participants received written instructions
and practiced the trials until their accuracy rate reached 80 percent. In the formal experi-
ment, each trial began with a fixation mark (+) occurring for 500 ms. Subsequently, a target
stimulus followed, during which a question mark appeared at the center of the screen, ask-
ing participants to choose. Participants pressed the button “F” if the word they heard was
animate or pressed the button “J” if the word was inanimate. The question mark would
disappear if participants did not respond within 2000 ms, and the next trial would com-
mence. All the participants went through the study and test phases in both language condi-
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tions in a counterbalanced order. The experiment took approximately 30 min. Computers
automatically recorded the reaction time (RT) of the learned and unlearned words. The
priming effect was determined by subtracting the RT of the learned words from that of the
unlearned words [29].

3.1.2. Results and Analysis

We excluded the data of the participants whose accuracy rate was lower than 80%
and removed the RTs beyond +2.5 standard deviations from the mean. Only the RT of
the correct response was considered in the analysis. The means of the RTs for each lan-
guage condition are summarized in Table 2, showing that the RT was faster in the learned
condition than in the unlearned condition.

Table 2. Reaction times and the mixed-effects modeling results for experiment 2a.

Language Mean (SD) of the Mean (SD) of the Primine Effect
Condition Unlearned Stimulus Learned Stimulus &
D1-D2 395.113 (289) 389.677 (340) 5.435
D2-D1 444.996 (345) 427.850 (345) 17.146
Fixed effect
Language .
condition Estimate SE t 4
D1-D2 (intercept) 5517 0.099 55.991 <0.001 ***
) Stimulus type 0.120 0.048 2.477 0.013*
D2-D1 (intercept) 5.675 0.104 54.441 <0.001 ***
: Stimulus type 0.066 0.043 1.539 0.124

¥p<0.05, 7 p<0.001.

We employed linear mixed-effect models to analyze the data because of the strengths
of a more reliable analysis of the original dataset and more generalizable findings [45,46].
The analysis was conducted with the Ime4 package (version 1.1.27.1, Bates et al.) [47] of
R software (version 4.1.2, R core team, Vienna, Austria) [39]. Separate analyses were con-
ducted for each language condition (D1-D2 or D2-D1). The independent variable (stimu-
lus type) was considered the fixed effect for each analysis. The RT was log-transformed
(base e) as the dependent variable to allow the error terms to follow a normal distribu-
tion better [48]. In each analysis, we originally constructed a maximal model which in-
cluded the by-subject and by-item random intercepts and random slopes for each stimulus
type. Then, we used a backward stepwise selection to determine the best-fitting random
effect structure.

The results are displayed in Table 2, from which we found a priming effect in the
D1-D2 condition but no priming effect in the reverse condition. Though asymmetrical, the
occurrence of the priming effect in the D1-D2 condition showed that D1 and D2 shared a
conceptual representation.

3.2. Experiment 2b

Experiment 2b mainly investigated the lexical relations between D1 and D2. If no
priming effect occurred, the lexical representations would be separate.

3.2.1. Method
Participants

Forty-two students (seven males) from a university joined the experiment and fin-
ished the bilingual language profile questionnaire [37]. The results showed that the par-
ticipants were exposed to Hakka since birth and began learning Mandarin around the
age of 4.74. Their proficiency in listening (M-Hakka = 5.00, M-Mandarin = 5.24, t = 1.952,
p >0.05) and speaking (M-Hakka =4.81, M-Mandarin = 4.74, t = 0.503, p > 0.05) did not dif-
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fer significantly between the dialects. They reported that D1 was more frequently used in
informal interactions, while D2 was more frequently used in a formal setting. Having been
immersed in an educational setting, they reported using D2 more frequently in college life.

Design and Materials

The experimental design and stimuli were the same as that of experiment 2a. How-
ever, in experiment 2b, a lexical decision task was used in both phases, which required
the participants to decide which language the words they heard belonged to. French
words were chosen as fillers because French differs greatly from both Mandarin and Hakka
phonologically [49]. A total of 168 disyllabic French words were constructed as fillers,
with 84 French words for each language condition. All French fillers were recorded by the
same speaker mentioned in experiment 2a, who had also learned French for four years.
The audio files were 16 bits and 4800 Hz in size, and approximately 900 ms in length.
All the materials were counterbalanced within and between subjects, forming eight sets
of materials.

Procedure

The procedures were identical to those of experiment 2a. In both blocks, the partici-
pants were required to press the button “F” if the word they heard was French and press
the button “J” if the word was Mandarin or Hakka. In the study block, 12 fillers (6 Chi-
nese fillers and 6 French fillers) appeared first to allow the participants to familiarize them-
selves with the procedures, then 20 experimental stimuli and 32 fillers (6 Chinese words
and 26 French words) followed. In the test block, 12 fillers appeared (6 Chinese fillers and
6 French fillers) first, followed by 40 experimental stimuli and 52 fillers (6 Chinese fillers
and 46 French fillers).

3.2.2. Results and Analysis

The data removal criterion was identical to that of experiment 2a. The mean RT for
each condition is summarized in Table 3, which shows that the learned words were re-
sponded to more quickly than the unlearned words.

Table 3. Reaction times and the mixed-effects modeling results for experiment 2b.

Language Mean (SD) of the Mean (SD) of the

Condition Unlearned Stimulus Learned Stimulus Priming Effect
D1-D2 372.725 (272) 369.599 (230) 3.126
D2-D1 342.912 (221) 347.909 (247) —4.996
Fixed effect
Language .
condition Estimate SE t p
D1.D2 (intercept) 5.719 0.076 75.150 <0.001 ***
) Stimulus type —0.006 0.039 —0.162 0.871
D2-D1 (intercept) 5.621 0.083 67.403 <0.001 ***
: Stimulus type 0.006 0.046 0.126 0.900
=5 < 0.001.

The RTs were analyzed with linear mixed-effects models. The procedures for the
model construction and selection were identical to those of experiment 2a. The results
are also summarized in Table 3, from which we found no significant difference in the RTs
between different stimulus types. Hence no priming effect was found in both conditions,
suggesting a possibility that D1 and D2 had separate lexical representations.
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3.3. Experiment 2¢
Experiment 2c mainly investigated the relations between the conceptual and lexical

representations of the dialects, namely, whether the conceptual processing of one dialect
could activate the lexical representation of another dialect.

3.3.1. Method
Participants

Forty students from a university (eight males) joined the experiment and finished
the bilingual language profile questionnaire [37]. They were exposed to Hakka since birth
and began learning Mandarin around the age of 4.88. Their proficiency in listening
(M-Hakka = 4.88, M-Mandarin = 5.10, t = 1.711, p > 0.05) and speaking (M-Hakka = 4.80,
M-Mandarin = 5.00, t =1.24, p > 0.05) did not differ significantly between the dialects. Sim-
ilarly, they also reported using D2 more frequently in their college life.

Design and Materials

The design and materials were the same as in experiments 2a and 2b.

Procedure

The procedures were identical to those of experiments 2a and 2b. The participants
finished the animacy decision task in the study block and the lexical decision task in the
test block. The study block began with 10 fillers, followed by 20 experimental stimuli and
10 more fillers. The test block started with 12 fillers (6 Chinese fillers and 6 French fillers),
followed by 40 experimental stimuli and 52 fillers (6 Chinese fillers and 46 French fillers).

3.3.2. Results and Analysis

The data removal criterion was identical to that of experiments 2a and 2b. The mean
RTs for each condition is summarized in Table 4.

Table 4. Reaction times and the mixed-effect modeling results for the experiment.

Language Mean (SD) of the Mean (SD) of the

Condition Unlearned Stimulus Learned Stimulus Priming Effect
D1-D2 372.356 (267) 375.225 (255) —2.868
D2-D1 397.428 (260) 411.796 (293) —14.368
Fixed effect
Language .
condition Estimate SE t p
D1.D2 (intercept) 5.724 0.090 63.639 <0.001 ***
) Stimulus type —0.024 0.038 —0.632 0.528
D2-D1 (intercept) 5.845 0.083 70.344 <0.001 ***
i Stimulus type —0.034 0.035 —-0.973 0.331
=5 <0.001.

The RTs were analyzed with linear mixed-effects models. The procedures for the
model construction and selection were the same as those of experiments 2a and 2b. The
results of the analysis are also summarized in Table 4, where we found no significant dif-
ference in the RTs between different types of words and, thus, no priming effect in both
conditions. This indicates that the conceptual processing of one dialect may not activate
the lexical representation of another dialect. This further suggests a weak link between the
dialects in the lexical representation, indicating the possibility of separate lexical represen-
tations between D1 and D2.
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4. General Discussion

The current study was the first to comprehensively investigate the mental lexicon fea-
tures of Hakka-Mandarin dialect bilingual speakers from the perspectives of the structural
features of lexicons and the relations between lexicons. We found that dialect bilingual lex-
icons were small-world in nature, and the lexical information within the D2 lexicon was
transferred more efficiently than its D1 counterpart. The words within the lexicons were
connected by semantic, morphological, syntactic, and phonological similarities. Addition-
ally, we found that D1 and D2 might have a shared conceptual representation but separate
lexical representations. Additionally, the conceptual processing of one dialect might not ac-
tivate the lexical representation of another dialect. Based on these findings, we tentatively
proposed a dialect bilingual two-layer activation model to simulate the dialect bilingual
lexicon structure.

4.1. Structural Features of the Dialect Bilingual Lexicon

The D1 and D2 lexicons displayed small-world properties, which were consistent with
the findings of previous work [10,18]. This means that, similar to bilingual lexicons, words
within the dialect bilingual lexicon are closely connected, and information can travel ef-
ficiently. The small-world property also suggests the robustness of dialect bilingual lexi-
cons [15]. For example, during novel language learning, the small-world nature of lexicons
could resist the resonance from novel language to D1, and the D2 lexicons maintain the sys-
tems intact [50]. In addition, as mentioned above, we found that words within the dialect
bilingual lexicon were organized by semantic, morphological, syntactic, and phonological
similarities, supporting the hypothesis of the revised spreading activation model.

Moreover, the lexical information within the D2 lexicon was found to be transferred
more efficiently than its D1 counterpart, which was inconsistent with the findings of pre-
vious work [10,18]. This might be because D2 is used in the educational setting. Thus, the
participants tended to learn the concepts of animal and color via D2, whereas D1 was used
exclusively in daily interactions, and their lexicon could not easily expand to new domains.
This results in more efficient information transfer in the D2 lexicon. The finding could
also be explained by language use frequency; the participants in previous studies used L1
more frequently than L2 [10,18]. Consequently, the information within the L1 lexicon was
more efficiently transferred. However, the participants in the current study were college
students who were immersed in an educational setting; thus, their D2 use frequency was
much higher than D1. This leads to more efficient communication among the lexical nodes
in D2. Nevertheless, the current study did not directly examine the role of language use
frequency in the configuration of the lexicon structure, which necessitates further inves-
tigation in the future. In general, the findings indicate that, given that D2 is the official
linguistic variation in China, the participants became more exposed to D2. Henceforth, D2
has increasingly influenced, assimilated, roofed over, and incorporated many linguistic
aspects of D1, such as phonological and morphological aspects [51]. In other words, D1
has undergone the “corrosion” from D2, calling for a protective policy on D1. Only in this
way could we restore the diversity of different variations of Chinese.

4.2. The Relations between Dialect Bilingual Lexicons

The finding that D1 and D2 shared a conceptual representation was in line with the
results of previous work, suggesting that dialect bilingual lexicons share conceptual repre-
sentations, including bilingual lexicons [2,30]. However, the priming effect was asymmet-
rical, with no priming effect in the D2-D1 condition. According to the RHM, the absence of
such a priming effect might result from low proficiency in L2. However, the participants in
the current study were equally proficient in D1 and D2, which was against the hypothesis
of the RHM. The probable explanation for the asymmetrical priming effect might be that
D1 and D2 had a partially shared conceptual representation, aligning with the concept of
the sense model. To be specific, the absence of a priming effect resulted from fewer concep-
tual senses in D2 than in D1 because D2 was less dominant than D1. Nevertheless, since
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language dominance incorporates language proficiency and language use frequency [24],
D2 in the current study should be more dominant because the participants were equally
proficient in two dialects and used D2 more frequently. The inconsistency between the
hypothesis of the sense model and the current case might be the different populations in
focus. The sense model mainly focused on bilinguals who tend to frequently use their
more proficient language in daily life, leading to language dominance. Whereas the di-
alect bilingual speakers examined in the current study were immersed in an educational
setting which necessitates more frequent use in D2. This limits their freedom to use their
more proficient mother tongue, D1, counterbalancing the dominance between the dialects.
Consequently, the modulatory power of language dominance in the conceptual representa-
tion was undermined in the dialect bilingual case, which was also pointed out in previous
work [2]. Instead, we assumed that the age of acquisition might be a more influential factor
in the conceptual representation of the dialect bilingual lexicon. This is because the age of
acquisition was found to be a determining factor in the configuration of the conceptual rep-
resentation by many bilingual studies [31]. Given that the participants in the current study
acquired D1 earlier than D2, the conceptual senses of D1 were more entrenched than D2,
leading to more senses in D1 than in D2. This resulted in the asymmetrical priming effect.
However, it is just an assumption. Future studies could empirically examine the role of
the age of acquisition in the conceptual representation of the dialect bilingual lexicon.

The lexical representations of D1 and D2 were found to be possibly separate, con-
forming to the assumption of the RHM and sense model. However, it seems implausible
because D1 and D2 both originated from ancient Chinese, and both use the Han writing
system to symbolize sounds. In fact, Hakka and Mandarin share many cognates [1]. Thus,
in this case, the concept of lemma representation of the WEAVER++ model would be more
appropriate. Specifically, the shared lemmas between D1 and D2 within the lemma repre-
sentation represent cognates. For example, the lexical forms “ 7K ffi” and “ 7K##” share the
lemma “ 7K” (water) to describe the concept of “cup” in Hakka and Mandarin, respectively.
At the same time, the other lemmas within the representation signify the unique lemmas
belonging either to D1 or D2. For example, the lexical form “ #i” refers to a rotted plant
in Hakka [35], but it is scarcely used in Mandarin to refer to any common concepts. All
the lemmas within the lemma representation would become activated to produce differ-
ent lexical forms, as evidenced by the findings of experiments 2b and 2c, even in the case
of cognates. For example, although the aforementioned “ 7Kffi” and “ 7/K#” both share
the lemma “ 7K”, the lexical forms are divergent in the two dialects. However, the current
study did not directly examine the cognate effect in the lexical representation of the dialect
bilingual lexicon, which merits further exploration in future studies.

Taken together, although the concept of the sense model seems to be plausible in ex-
plaining the conceptual relations between the dialect bilingual lexicons, it was unable to
explain the absence of the priming effect in the D2-D1 direction. In addition, the sense
model did not consider the cognates shared by D1 and D2, undermining its explanatory
power in lexical relations between lexicons. In this case, WEAVER++ seems to be more ap-
propriate, but it did not provide a comprehensive discussion on the conceptual representa-
tion and the interaction between the dialects in the conceptual and lexical representations.
However, the dialects spoken by dialect bilingual speakers might share more similarities
than bilinguals in terms of many aspects, especially the semantic and syntactic features,
since they both belong to the same language and originate from the same culture [52]. The
lack of focus on the interaction between the lexical and conceptual representations might,
to a degree, undermine the explanatory power of the existing bilingual models. Since the
semantic and syntactic properties of words are essential in sentence merging, the minute
difference in terms of these lexical aspects might cause a huge difference in the interactions
between lexicons and other levels of language representation in the human mind. Thus,
considering the feature of dialect bilinguals might increase the plausibility of the current
models. Furthermore, the bilingual models did not discuss the lexicon structure from the
perspective of network science, which may hinder the models from approximating cogni-
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tive processing [13]. All these potential limitations might call for the further development
of the current bilingual model to better our understanding of the bilingual mental lexicon.
Therefore, based on the previous bilingual models and the results of the current study,
we tentatively proposed the dialect bilingual two-layer activation model to simulate the
lexicon features of dialect bilinguals.

4.3. Dialect Bilingual Mental Lexicon Structure

Language systems, especially mental lexicons, could be seen as a multiplex net-
work [53]. Based on the assumptions and the findings of the current study, we assume
that dialect bilingual lexicons may be a multiplex network. To simulate the dialect bilin-
gual mental lexicon structure, we tentatively put forward a dialect bilingual two-layer ac-
tivation model whose details are illustrated in Figure 6.

D2 Lexical form representation

Lexical representation
% % D2 Lemma representation

: WW p2 Conceptual representation

Figure 6. Dialect bilingual two-layer activation model.

4.3.1. Model Structure

Asdisplayed in Figure 6, the model assumes that the D1 and D2 lexicons each incorpo-
rate a lexical and conceptual representation. The lexical representation includes the lexical
form and lemma representations. Within the lexical form representation, the D1 and D2
representations are separate, with the black space referring to the D1 space and the white
space referring to the D2 space. The nodes within the lexical form representation refer
to the lexical nodes, and edges refer to the phonological and morphological similarities.
Within the lemma representation, the black space refers to D1, the white space refers to D2,
and the gray space refers to the overlapped space between D1 and D2. In other words, D1
and D2 are partially shared in this representation. Since lemmas incorporate the syntactic
information of words, the nodes within the representation represent the lemma, and the
edges represent the syntactic similarities. The lemma-overlapped space encapsulates the
cognates shared by D1 and D2. Moreover, in the lexical representation, language use fre-
quency may play a significant role. To be specific, a more frequently used dialect would
obtain a better structure with more space, denser neighborhoods, and more modular com-
munities. Consider the results of the current study; for example, since the participants
used D2 more frequently, their D2 lexicon displayed better organization with more nodes,
a tighter word association, and more lexical clusters. With language use frequency as a
modulator, the lexical representation network would change dynamically over time [54].

Within the conceptual representation, the black space refers to the D1 representation,
the white space refers to the D2 representation, and the gray space refers to the overlapped
space between D1 and D2. The nodes refer to the conceptual nodes, and the edges refer
to the semantic similarities. Unlike the lexical representation, language use frequency in
this layer does not play a role. Rather, the age of acquisition may act as a more influential
factor in shaping the configuration. Since the participants in the current study acquired



Brain Sci. 2022, 12, 1629

17 of 20

D1 earlier than D2, their D1 conceptual representation occupied more senses than its D2
counterpart, leading to a larger semantic space in D1. The conceptual representation is
assumed to be relatively stable due to the earlier acquisition of concepts in D1 in contrast
to D2. Furthermore, though no connection between one dialect conceptual representation
and another dialect lexical representation was found in experiment 2c, the lexical repre-
sentation of the dialects would relate to their corresponding conceptual representation,
allowing for mutual information transfer [53]. This is signified by bidirectional dash lines
between the representations in Figure 6.

4.3.2. Working Mechanism

Based on the concept of WEAVER++, the model also tried to simulate the mechanism
underlying lexical perception and lexical production in the dialect bilingual case. Specifi-
cally, during lexical perception, the input activates the relevant nodes in the lexical form
representation. The activation would then pass onto the corresponding node within the
lemma representation, after which the semantic node in the conceptual representation
would become activated to retrieve meaning. Given that, in the current case, more senses
were in the D1 conceptual representation than in its D2 counterpart, the semantic infor-
mation activated in D1 could travel to its overlapped space with D2, leading to a priming
effect in the D1-D2 condition. However, the senses in D2 were less than in D1, rendering
activation hard to travel to the D1 space, resulting in the absence of a priming effect in the
D2-D1 condition.

During lexical production, the semantic node in the conceptual representation would
first be targeted, which would further activate the relevant node in the lemma represen-
tation. Subsequently, the activation would become transferred to the lexical form repre-
sentation [53]. Then, the combined efforts of the conceptual, lemma, and lexical represen-
tations would produce a word form that incorporates semantic, syntactic, morphological,
and phonological information. This serves as the reason why in the current case, words
within lexicons became connected with semantic, syntactic, morphological, and phonolog-
ical similarities.

Furthermore, the model explains why we found a more efficient organization in the
D2 lexicon with language use frequency as a modulator in shaping the lexicon structural
features, while we found more semantic senses in the D1 conceptual representation with
the age of acquisition as a modulator in shaping the conceptual configuration. These seem-
ingly contradictory results could be accounted for by the hypothesis that the dialect bilin-
gual lexicon exists as a multi-layer structure with different layers storing different kinds of
information. Thus, naturally, different factors play distinct roles in different layers. Given
that a conceptual representation only stores semantic information while the lexical repre-
sentation incorporates the lexical form lemma representations, which include phonolog-
ical, morphological, and syntactic information, the multi-fold information stored in the
lexical representation becomes more representative of the whole lexicon. Consequently, a
more efficient organization in the D2 lexicon would be natural, as evidenced by the cur-
rent study.

5. Conclusions

Fruitful findings were obtained on the bilingual mental lexicon, while less is under-
stood about the dialect bilingual mental lexicon. As a variation of bilinguals, dialect bilin-
gual speakers are characteristically different from bilinguals, but their different features
have not been fully considered in the model construction of the bilingual lexicon. To help
understand the dialect bilingual lexicon, we investigated the topic from the perspectives
of the structural features of lexicons and the relations between lexicons. We found that
the dialect bilingual lexicons displayed small-world properties and the lexical information
within D2 was more efficiently transferred. Additionally, D1 and D2 were found to be par-
tially shared in the conceptual representation, separate in the lexical representation, and
partially shared in the lemma representation. Based on the findings, we put forward a
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dialect bilingual two-layer activation model to simulate the dialect bilingual lexicon struc-
ture. The model adopts the notion of network science and specifies the role of language
use frequency in a lexical representation and the role of age of acquisition in a conceptual
representation, which enables the model to explain the results of the current study and
some findings from previous work.

However, the paper has the following limitations. First, the language use frequency
was not properly measured, and the effect of the age of acquisition on the lexicon structure
was not examined directly in the current study. The roles of the two factors in different
representations should be examined further in the future. Second, we mentioned the role
of cognates in lexical representations, but we did not directly examine the cognate effect in
the dialect bilingual lexicon. More exploration is needed to directly investigate the cognate
effect on the lexicon organization of dialect bilingual speakers. Third, the experimental
stimuli in experiment 2 were not well controlled for phonetic, morphological, and syntac-
tic features. More studies are needed to understand the role of these lexical aspects in
dialect bilingual lexicon features. Fourth, the findings were mainly obtained with the ex-
periments in the auditory channel. We have no idea whether similar result patterns would
be obtained with the experiment in the visual channel. Thus, research with a visual chan-
nel design could be conducted to reveal more concerning this issue. Fifth, although we
obtained the priming effect in experiment 2a, the effect size was small. More studies could
be conducted to replicate the findings. Moreover, the model was merely drawn from the
evidence from Hakka-Mandarin speakers; more studies are needed to examine whether it
could be generalized to other types of dialect bilingual speakers. Taken together, a signifi-
cant amount of work is needed to be conducted before we can grasp a basic understanding
of the dialect bilingual lexicon. Anyhow, this study brings some insights into the under-
standing of dialect bilingual lexicon features and leads us to reconsider the generalizability
and applicability of existing bilingual models.

Author Contributions: Conceptualization, Y.C. and R.Z.; Methodology, R.Z.; Data Acquisition, Y.C.;
Writing —Original Draft Preparation, Y.C.; Writing—Review & Editing, R.Z. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Academic Committee of the School of Foreign Languages of South
China Normal University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are available from the corresponding author with a request.

Acknowledgments: The first author wants to thank her mother, Jumei Wen, who passed away in
2020, for her unwavering support and love throughout the first author’s life.

Conflicts of Interest: The authors declare no conflict of interest.

1. Yi, A; Chen, Z,; Chang, Y.; Zhou, S.; Wu, L.; Liu, Y.,; Zhang, G. Repetition Priming Effects in Proficient Mandarin—Cantonese
and Cantonese-Mandarin Bidialectals: An Event-Related Potential Study. |. Psycholinguist. Res. 2017, 46, 1367-1383. [CrossRef]

[PubMed]

2. Hsu, H.-L. Cognitive control in older Minnan-Mandarin and Hakka-Mandarin bidialectal adults: Advantages in Stroop-type
tasks. Lingua 2021, 253, 103041. [CrossRef]

3. Alrwaita, N.; Pliatsikas, C.; Houston-Price, C. The effects of using two variants of one language on cognition: Evidence from
bidialectism and diglossia. PsyArXiv 2020. [CrossRef]

4. Ross, J.; Melinger, A. Bilingual advantage, bidialectal advantage or neither? Comparing performance across three tests of exec-
utive function in middle childhood. Dev. Sci. 2016, 20, e12405. [CrossRef] [PubMed]

5. Institute of Linguistics. Language Atlas of China— Chinese Dialects; The Commercial Press: Beijing, China, 2012.

o

Gulan, T. The Organization of the Bilingual Mental Lexicon. Ph.D. Thesis, University of Zagreb, Zagreb, Croatia, 2016.

7. Wang, R; Yang, J.; Li, L. Second Language Learning; Huadong Shifan Daxue Press: Shanghai, China, 2016.


http://doi.org/10.1007/s10936-017-9495-x
http://www.ncbi.nlm.nih.gov/pubmed/28555347
http://doi.org/10.1016/j.lingua.2021.103041
http://doi.org/10.31234/osf.io/9c7df
http://doi.org/10.1111/desc.12405
http://www.ncbi.nlm.nih.gov/pubmed/27684381

Brain Sci. 2022, 12, 1629 19 of 20

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

Kumar, A.A ; Steyvers, M.; Balota, D.A. A Critical Review of Network-Based and Distributional Approaches to Semantic Memory
Structure and Processes. Top. Cogn. Sci. 2021, 14, 54-77. [CrossRef] [PubMed]

Bock, K.; Levelt, W. Language production: Grammatical encoding. In Handbook of Psycholinguistics; Gernsbacher, M.A., Ed,;
Academic Press: Cambridge, MA, USA, 1994; pp. 945-984.

Borodkin, K.; Kenett, Y.N.; Faust, M.; Mashal, N. When pumpkin is closer to onion than to squash: The structure of the second
language lexicon. Cognition 2016, 156, 60-70. [CrossRef] [PubMed]

Ardila, A.; Ostrosky-Solis, F.; Bernal, B. Cognitive testing toward the future: The example of Semantic Verbal Fluency (ANI-
MALS). Int. . Psychol. 2006, 41, 324-332. [CrossRef]

Abbott, ].T.; Griffiths, T.L.; Regier, T. Focal colors across languages are representative members of color categories. Proc. Natl.
Acad. Sci. USA 2016, 113, 11178-11183. [CrossRef]

Vitevitch, M.S. Introduction. In Network Science in Cognitive Psychology; Vitevitch, M.S., Ed.; Routledge: London, UK, 2020;
pp- 1-9.

Agustin-Llach, M. How age and L2 proficiency affectthe L2 lexicon. System 2021, 104, 102697. [CrossRef]

Kenett, Y.N.; Faust, M. Clinical cognitive networks. In Network Science in Cognitive Psychology; Vitevitch, M.S., Ed.; Routledge:
London, UK, 2020; pp. 136-165.

Siew, C.5.Q. Applications of Network Science to Education Research: Quantifying Knowledge and the Development of Expertise
through Network Analysis. Educ. Sci. 2020, 10, 101. [CrossRef]

Vitevitch, M.S. What Can Network Science Tell Us About Phonology and Language Processing? Top. Cogn. Sci. 2021, 14, 127-142.
[CrossRef] [PubMed]

Wilks, C.; Meara, P. Untangling word webs: Graph theory and the notion of density in second language word association
networks. Second Lang. Res. 2002, 18, 303-324. [CrossRef]

Kroll, J.; Stewart, E. Category Interference in Translation and Picture Naming: Evidence for Asymmetric Connections between
Bilingual Memory Representations. J. Mem. Lang. 1994, 33, 149-174. [CrossRef]

Kroll, J.F.; VAN Hell, ].G.; Tokowicz, N.; Green, D.W. The Revised Hierarchical Model: A critical review and assessment. Biling.
Lang. Cogn. 2010, 13, 373-381. [CrossRef] [PubMed]

Basnight-Brown, D.M. Models of lexical access and bilingualism. In Foundations of Bilingual Memory; Heredia, R.R., Altarriba, J.,
Eds.; Springer: Berlin/Heidelberg, Germany, 2014; pp. 85-107.

Wang, X.; Forster, K.I. Masked translation priming with semantic categorization: Testing the Sense Model. Biling. Lang. Cogn.
2010, 13, 327-340. [CrossRef]

Finkbeiner, M.; Forster, K.; Nicol, J.; Nakamura, K. The role of polysemy in masked semantic and translation priming. J. Mem.
Lang. 2004, 51, 1-22. [CrossRef]

Treffers-Daller, J. What Defines Language Dominance in Bilinguals? Annu. Rev. Linguist. 2019, 5, 375-393. [CrossRef]

Gollan, T.H.; Acenas, L.-A.R. What Is a TOT? Cognate and Translation Effects on Tip-of-the-Tongue States in Spanish-English
and Tagalog-English Bilinguals. J. Exp. Psychol. Learn. Mem. Cogn. 2004, 30, 246-269. [CrossRef]

Roelofs, A. Goal-referenced selection of verbal action: Modeling attentional control in the Stroop task. Psychol. Rev. 2003, 110,
88-125. [CrossRef]

Roelofs, A. Attention and gaze control in picture naming, word reading, and word categorizing. . Mem. Lang. 2007, 57, 232-251.
[CrossRef]

Li, L.; Mo, L.; Wang, R.; Luo, X.; Chen, Z. Evidence for long-term cross-language repetition priming in low fluency Chinese-
English bilinguals. Biling. Lang. Cogn. 2009, 12, 13-21. [CrossRef]

Zeelenberg, R.; Pecher, D. Evidence for long-term cross-language repetition priming in conceptual implicit memory tasks. ]J.
Mem. Lang. 2003, 49, 80-94. [CrossRef]

Zhang, J.; Zhang, F. The Language Representation of Auditory Words in Cantonese-Mandarin Diglossias. Xinli Yu Xinguwei
Yanjiu 2014, 12, 433-440.

Li, P.; Zhao, X. Self-organizing map models of language acquisition. Front. Psychol. 2013, 4, 828. [CrossRef] [PubMed]

Wu, W.; Ding, X.; Sun, Y. The priming effects study of the semantic access mechanism of proficient Teochew-Mandarin diglossias
under auditory condition. Xinli Yanjiu 2018, 11, 35-42.

Ben Hamed, M. Neighbour-nets portray the Chinese dialect continuum and the linguistic legacy of China’s demic history. Proc.
R. Soc. B Biol. Sci. 2005, 272, 1015-1022. [CrossRef]

Zhang, M.; Pan, W.; Yan, S.; Jin, L. Phonemic evidence reveals interwoven evolution of Chinese dialects. arXiv 2018,
arXiv:1802.05820. [CrossRef]

Zhang, W.G. Standard Dictionary of Hakka Dialect; Sun Yat-sen University Press: Guangzhou, China, 2012.

Wu, S.; Ma, Z. Native-Language Phonological Interference in Early Hakka-Mandarin Bilinguals’ Visual Recognition of Chinese
Two-Character Compounds: Evidence from the Semantic-Relatedness Decision Task. ]. Psycholinguist. Res. 2016, 46, 57-75.
[CrossRef]

Birdsong, D.; Gertken, L.M.; Amengual, M. Bilingual Language Profile: An Easy-to-Use Instrument to Assess Bilingualism. 2012.
Available online: https://sites.]a.utexas.edu/bilingual/ (accessed on 1 May 2017).

Csardi, G.; Nepusz, T. The Igraph Software Package for Complex Network Research. Available online: http://igraph.org (ac-
cessed on 19 December 2017).


http://doi.org/10.1111/tops.12548
http://www.ncbi.nlm.nih.gov/pubmed/34092042
http://doi.org/10.1016/j.cognition.2016.07.014
http://www.ncbi.nlm.nih.gov/pubmed/27513870
http://doi.org/10.1080/00207590500345542
http://doi.org/10.1073/pnas.1513298113
http://doi.org/10.1016/j.system.2021.102697
http://doi.org/10.3390/educsci10040101
http://doi.org/10.1111/tops.12532
http://www.ncbi.nlm.nih.gov/pubmed/33836120
http://doi.org/10.1191/0267658302sr203oa
http://doi.org/10.1006/jmla.1994.1008
http://doi.org/10.1017/S136672891000009X
http://www.ncbi.nlm.nih.gov/pubmed/20676387
http://doi.org/10.1017/S1366728909990502
http://doi.org/10.1016/j.jml.2004.01.004
http://doi.org/10.1146/annurev-linguistics-011817-045554
http://doi.org/10.1037/0278-7393.30.1.246
http://doi.org/10.1037/0033-295X.110.1.88
http://doi.org/10.1016/j.jml.2006.10.001
http://doi.org/10.1017/S1366728908003453
http://doi.org/10.1016/S0749-596X(03)00020-2
http://doi.org/10.3389/fpsyg.2013.00828
http://www.ncbi.nlm.nih.gov/pubmed/24312061
http://doi.org/10.1098/rspb.2004.3015
http://doi.org/10.48550/arXiv.1802.05820
http://doi.org/10.1007/s10936-016-9420-8
https://sites.la.utexas.edu/bilingual/
http://igraph.org

Brain Sci. 2022, 12, 1629 20 of 20

39.
40.
41.
42.
43.
44.

45.
46.

47.
48.

49.

50.

51.
52.

53.

54.

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2022. Available online: https://www.R-project.org/ (accessed on 12 March 2022).

Tewarie, P.; van Dellen, E.; Hillebrand, A.; Stam, C. The minimum spanning tree: An unbiased method for brain network analysis.
Neurolmage 2015, 104, 177-188. [CrossRef]

Erdos, P.; Rényi, A. On random graphs I. Publ. Math. Debr. 1959, 6, 290-297. [CrossRef]

Borgatti, S.P. Identifying sets of key players in a social network. Comput. Math. Organ. Theory 2006, 12, 21-34. [CrossRef]
Tytus, A.E.; Rundblad, G. Cross-language priming as a means of investigating bilingual conceptual representations. Represent.
Process. Biling. Morphol. 2016, 6, 440-466. [CrossRef]

Schneider, W.; Eschman, A.; Zuccolotto, A. E-Prime (Version 2.0). Computer Software; Psychology Software Tools Inc. 2002.
Available online: https://pstnet.com/products/e-prime/ (accessed on 24 June 2017).

Wu, S.Y. Second Language Processing and R in Application; Foreign Language Teaching and Research Press: Beijing, China, 2019.
Zhao, T.; Huang, Y.; Chen, D,; Jiao, L.; Marmolejo-Ramos, F.; Wang, R.; Xie, ]. The modality switching costs of Chinese-English
bilinguals in the processing of L1 and L2. Q. J. Exp. Psychol. 2019, 73, 396—412. [CrossRef] [PubMed]

Bates, D.; Méchler, M.; Bolker, B.; Walker, S. Fitting Linear Mixed-Effects Models Using Ime4. ]. Stat. Softw. 2015, 67,48. [CrossRef]
Chien, Y.-F.; Yan, H.; Sereno, J.A. Investigating the Lexical Representation of Mandarin Tone 3 Phonological Alternations. ].
Psycholinguist. Res. 2020, 50, 777-796. [CrossRef]

Li, L.; Zhang, Y.; Xuan, L.I; Guo, H.; Limei, W.U.; Wang, R. Cross-language repetition priming effect of semantic access for
trilinguals. Acta Psychol. Sin. 2016, 48, 1401-1409. [CrossRef]

MacWhinney, B. A unified model. In Handbook of Cognitive Linguistics and Second Language Acquisition; Robinson, P., Ellis, N.C.,
Eds.; Routledge: London, UK, 2008; pp. 341-371.

Kloss, H. Abstand Languages and Ausbau Languages. Anthropol. Linguist. 1967, 9, 29-41.

Darcy, I.; Tremblay, A.; Simonet, M. Editorial: Phonology in the Bilingual and Bidialectal Lexicon. Front. Psychol. 2017, 8, 507.
[CrossRef] [PubMed]

Kovacs, L.; Béta, A.; Hajdu, L.; Krész, M. Networks in the mind —What communities reveal about the structure of the lexicon.
Open Linguist. 2021, 7, 181-199. [CrossRef]

Stella, M. Modelling Early Word Acquisition through Multiplex Lexical Networks and Machine Learning. Big Data Cogn. Comput.
2019, 3, 10. [CrossRef]


https://www.R-project.org/
http://doi.org/10.1016/j.neuroimage.2014.10.015
http://doi.org/10.5486/PMD.1959.6.3-4.12
http://doi.org/10.1007/s10588-006-7084-x
http://doi.org/10.1075/lab.14020.tyt
https://pstnet.com/products/e-prime/
http://doi.org/10.1177/1747021819878089
http://www.ncbi.nlm.nih.gov/pubmed/31552800
http://doi.org/10.18637/jss.v067.i01
http://doi.org/10.1007/s10936-020-09745-0
http://doi.org/10.3724/SP.J.1041.2016.01401
http://doi.org/10.3389/fpsyg.2017.00507
http://www.ncbi.nlm.nih.gov/pubmed/28421023
http://doi.org/10.1515/opli-2021-0012
http://doi.org/10.3390/bdcc3010010

	Introduction 
	The Structure of Bilingual Mental Lexicons 
	Structural Features of Bilingual Lexicons 
	Relations between Bilingual Lexicons 

	Dialect Bilingual Mental Lexicon Structure 

	Experiment One 
	Method 
	Participants 
	Design 
	Procedure 

	Data Processing 
	Results and Analysis 
	Word Correlation Lexical Network and Network Visualization 
	Network Validation 


	Experiment Two 
	Experiment 2a 
	Method 
	Results and Analysis 

	Experiment 2b 
	Method 
	Results and Analysis 

	Experiment 2c 
	Method 
	Results and Analysis 


	General Discussion 
	Structural Features of the Dialect Bilingual Lexicon 
	The Relations between Dialect Bilingual Lexicons 
	Dialect Bilingual Mental Lexicon Structure 
	Model Structure 
	Working Mechanism 


	Conclusions 
	References

