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ARTICLE INFO ABSTRACT

Keywords: The current study explored whether the metaphorical meaning of novel words can be learned and
Metaphorical meaning how the metaphorical meaning was acquired during contextual reading. The novel words were
Word learning embedded in two types of learning contexts: one supported the metaphorical meaning (meta-

Event-related potentials
N400
Contextual learning

phorical meaning learning condition: ML condition), and the other supported the literal meaning
(literal meaning learning condition: LL condition). The learning effect was assessed via a se-
mantic-relatedness judgment task with event-related potentials (ERPs) being recorded. In this
task, the novel words served as primes, the literal corresponding concepts of the novel words
(CQ), the metaphorically related words (MR) and unrelated words (NR) served as targets. The
results showed that the N400 amplitudes in response to the targets varied as a function of targets
type in a graded manner increasing from the CC targets, to the MR targets, and to the NR targets
in both learning conditions over the lateral electrodes. Furthermore, over the midline electrodes,
the N400 difference between the CC and MR targets was gone in the ML condition; the N400
effect between the MR and NR targets was absent in the LL condition. These results suggested
that learners could get the metaphorical meaning of newly learned words, and this process was
influenced by the learning contexts. The study broadens our understanding on the learning of the
lexical meaning of words.

1. Introduction

Metaphor is a crucial aspect of human language, which expands the meaning making resources available to the speakers (Halliday
& Matthiessen, 1999). Conceptual metaphors involve establishing relationships between semantic domains. Conventional conceptual
metaphor are encoded in the lexicon, in which a word has a literal meaning and a metaphorical meaning from different semantic
domains (Ahrens et al., 2007; Lu & Zhang, 2012). In the domain of novel word learning, most previous studies mainly focused on the
acquisition of the literal meaning, with the acquisition of the metaphorical meaning remaining to be explored. The current study
aimed to investigate the learning of the metaphorical meaning of new words embedded in context during reading.
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1.1. Metaphorical meaning

A metaphor is made up of a topic and a vehicle. The topic is the object of a metaphor intends to describe, and the vehicle is used to
understand the topic more easily (Camp, 2006). For example, in the metaphor “the lawyer is a shark”, the lawyer is the topic word, and
the shark is the vehicle word. By establishing mapping relations between them based on their similarities, the words which served as
the vehicles carry the metaphorical meaning (Lakoff & Johnson, 1980). The metaphorical meaning can be expressed in sentences or
phrases (Gernsbacher, Keysar, Robertson, & Werner, 2001; Grauwe, Swain, Holcomb, Ditman, & Kuperberg, 2010; Jones & Estes,
2005, 2006). Previous studies on metaphor processing mainly focused on two questions (Gibbs, Bogdanovich, Sykes, & Barr, 1997).
The first one is whether the processing of the literal meaning and the metaphorical meaning is different or not. The second question is
how the factors, such as conventionality, aptness, and context, influence metaphor processing.

Based on lots of experimental evidence, researchers developed different models regarding the metaphor processing. According to
traditional theories of pragmatics such as Grice's indirect access model, the literal meaning and the metaphorical meaning are
processed in qualitatively different manners, with the precedence for the automatic processing of the literal one (Grice, 1975). The
metaphorical meaning is obtained only after the literal meaning are computed and refuted by the context. However, more and more
evidence found that there was no qualitative difference between the processing of the literal and metaphorical meanings (Gibbs et al.,
1997). Researchers further proposed the direct access model (Gibbs, 1994; Glucksberg, 2001, 2003). This model suggests that the
metaphorical meaning is as readily available as the literal meaning. The two meanings are processed concurrently and involve the
same mechanisms.

In addition, a growing body of ERP research revised the indirect and direct access models and further developed new models, such
as conceptual blending model (Fauconnier & Turner, 1998), the graded salience model (Giora, 1997), and so on. These heterogeneous
models share the assumption that the processing of literal and metaphorical meanings relies on the same mechanisms (Coulson & Van
Petten, 2002; Giora, 1997; Kintsch, 2000; Wolff & Gentner, 2000) which is in line with the direct access model. At the same time,
these models also admit that there is difficulty in metaphor processing which is consistent with the indirect access model. However,
different from the indirect access model which attributes the processing difficulty to the precedence of the literal meaning, these
models postulate that difficulties in comprehension of the metaphorical sentences may be better explained in terms of mapping
difficulty (Fauconnier & Turner, 1998) or salience of meaning (Giora, 1997). For instance, the conceptual blending theory proposed
that people construct mental spaces continuously during language processing. A general cognitive operation, namely mapping
processing among different spaces, builds networks of connected spaces. In metaphor processing, the connected mental spaces are
built between the source and target domains which are distantly related. For the literal meaning processing, the mapping occurs
between relatively close domains even in the same domain. For instance, in the literal use of “shark” in “the fish is a shark”, mapping
is established between “fish” and “shark” on the basis of category membership. Therefore, the processing difficulty of metaphors
could be attributed to the larger mapping difficulty between concepts in the metaphor comprehension than that in the processing of
the literal meaning (Arzouan, Goldstein, & Faust, 2007; Coulson & Van Petten, 2002). Evidence came from ERP studies focusing on
the N400 which is a well-established component reflecting the integration difficulty (Kutas & Federmeier, 2011). For instance,
Coulson and van Petten found that words elicited larger N400s when they conveyed the metaphorical meaning relative to the literal
meaning, indicating that the processing of the metaphorical meaning is more demanding than that of the literal meaning.

Besides the difference of processing between the literal meaning and the metaphorical meaning, researchers are also interested in
the factors influencing the processing of metaphors. Previous studies have found that the conventionality (Giora, 1997; Laurent,
Denhiéres, Passerieux, lakimova, & Hardybaylé, 2006), aptness (Damerall & Kellogg, 2016), and context (Pynte, Besson, Robichon, &
Poli, 1996) influence metaphor processing. Conventionality refers to the strength of association between a metaphor vehicle and its
figurative meaning, namely a metaphor topic (Bowdle & Gentner, 2005; Giora, 1997; Wolff & Gentner, 2000). Based to this factor,
metaphors can be divided into conventional metaphors and novel metaphors. For example, “the lawyer is a shark”, widely used in
communication, is a conventional metaphor. While “his sister is a megaphone”, understood as his sister has a very loud voice or maybe
she cannot keep secrets, is a novel metaphor made for occasional use (Dulcinati, Mazzarella, Pouscoulous, & Rodd, 2014). Lai,
Curran, and Menn (2009) found that both conventional and novel metaphorical sentence-final words elicited larger N400 amplitudes
compared to literal words, with a longer-lasting effect to the novel metaphorical words. These results indicated that the processing of
novel metaphors was more taxing than that of conventional metaphors. Aptness refers to the degree to which the vehicle expresses an
important feature of the topic (Blasko & Connine, 1993; Chiappe & Kennedy, 1999). For instance, “that fashion model is a rail” is a
highly apt metaphor because the property (i.e., extremely thin) expressed by the vehicle is an important feature of the topic. In
contrast, “my filing clerk is a butcher” is a less apt metaphor, because the property implied by the vehicle is irrelevant to the topic
(Jones & Estes, 2006). Jones and Estes (2006) found that aptness could predict the speed and ease of metaphor comprehension.
Context refers to the discourse in which the metaphor embedded. Previous studies have shown that the supportive context which
explicitly described the relation between the topic and vehicle in a metaphor promotes metaphor comprehension (Bambini, Bertini,
Schaeken, Stella, & Russo, 2016). In this study, they asked participants to process metaphors in two experiments. In Experiment 1,
participants were presented with metaphors (e.g., “Do you know what that lawyer is? A shark”) and equivalent literal expressions (e.g.,
“Do you know what that fish is? A shark”) in a minimal context. In Experiment 2, the context was a supportive one, which contained
cues expressing the relation between the metaphor's topic and vehicle (e.g., metaphorical condition: “That lawyer is really aggressive.
He is a shark”; literal condition: “That fish is really aggressive. It is a shark”). Results showed that the critical nouns (i.e., shark) elicited
different N400s between the two conditions in the first experiment but not in the second experiment. These results indicated that the
supportive context can promote metaphor comprehension.

Understanding a metaphor and learning a metaphor may involve different cognitive processes, but little is known about how
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people learn metaphors. Up to now, many researchers summarized the metaphorical meaning learning in terms of teaching ex-
perience. There were no empirical studies focusing on the learning of the metaphorical meaning of novel words. Exploring the
metaphorical meaning learning can help us understand the word learning and conceptual representation extensively. Given the role
of contexts in metaphor processing, the aim of this study is to explore whether the lexical metaphorical meaning of words can be
learned through contextual reading.

1.2. Contextual learning

There are many different manners to get the meaning of novel words, such as direct definition learning (Perfetti, Wlotko, & Hart,
2005), direct mapping learning (Carey & Bartlett, 1978; Markson & Bloom, 1997), cross-situation learning (Smith, Smith, & Blythe,
2011; Trueswell, Medina, Hafri, & Gleitman, 2013; Yu & Smith, 2007), associative learning (Dobel et al., 2010; Vadillo, Barcena, &
Matute, 2006) and so on. For adults, the main approach to acquire a new word is to learn it during reading (Jenkins, Stein, &
Wysocki, 1984; Nagy, Anderson, & Herman, 1987; Nagy, Herman, & Anderson, 1985), namely contextual learning. In the contextual
learning, the meaning of novel words can be inferred from the meanings of other words, or the integrative meaning of the whole
context.

Previous contextual learning studies usually contain a learning phase and a testing phase. In the learning phase, participants read
the context (sentences or discourses) to infer the meaning of novel words. In the testing phase, a semantic relatedness judgment task
or a lexical decision task in a semantic priming paradigm is used to test the priming effect between the newly learned words and the
target words (Borovsky, Elman, & Kutas, 2012; Borovsky, Kutas, & Elman, 2013; Mestres-missé, Rodrigue-Fornells, & Miinte, 2010).
For example, Borovsky et al. (2012) asked participants to infer the meaning of novel words which were presented at the end of the
second sentence (e.g., Peter sat gaping at the centerfold. He asked his friend if he could borrow the YERGE), and then finish a lexical
decision task in a semantic priming paradigm, with the novel words (YERGE) serving as the prime stimuli. The target stimuli
included: the corresponding concepts of the novel words (e.g. magazine), the semantically related words (e.g. novel) and unrelated
words (e.g. accident). The results showed that the corresponding concepts and the semantically related words elicited smaller N400s
than the unrelated words. This result indicated that the meaning of novel words can be acquired and associated with known words in
semantic memory immediately after the contextual learning.

Using the semantic priming paradigm, researchers have found that the learned word can establish different semantic relationships
with known words, such as thematic relations and taxonomic relations (Ding, Chen, et al., 2017; Zhang, Chen, Wang, Yang, & Yang,
2017). Thematic relation refers to the relation between concepts which participate in the same scenario or event (Lin & Murphy,
2001). Thematically related concepts usually appear simultaneously and perform complementary roles in the same episodes or
events. For example, “dogs” and “bones” are thematically related because they usually appear in an “eating” event. Taxonomic
relation refers to the relation between concepts of the same category. Taxonomically related concepts usually share common features
(Rogers & McClelland, 2004). For instance, “dogs” and “cats” are taxonomically related since they belong to the same category of
mammal. It should be noted that both the thematic and taxonomic relations are constructed based on the literal meaning of words.
The topic and the vehicle are associated in metaphors through mapping from the source domain to the target domain, and establish
metaphorical relationship (Mcglone & Manfredi, 2002). For example, in the metaphor “the lawyer is a shark”, the vehicle “shark” has a
literal meaning and a metaphorical meaning. The construction of the metaphorical relationship between these two meanings remains
to be explored. The current study aimed to investigate whether the metaphorical meaning of novel words could be learned through
the contextual learning approach.

1.3. The current study

In line with previous contextual learning studies (Mestres-Missé, Camara, Rodriguez-Fornells, Rotte, & Miinte, 2008), the current
study contained a learning phase and a testing phase. In the learning phase, participants read contexts to infer the meaning of novel
words. The contexts included two types: one supported the learning of the metaphorical meaning of the novel word (ML condition),
and the other supported the learning of the literal meaning (LL condition). Table 1 presents an example of the experimental stimuli.
The two-character pseudo-words in Chinese which can be pronounced but without meaning served as novel words. Their literal
meaning and metaphorical meaning are already present in the Chines conceptual system. For instance, “children are flowers” is a
common metaphorical mapping in Chinese, but we replaced the vehicle “flowers” with a novel word “fangfen”, which was learned
during contextual reading.

In the testing phase, the learned novel words were paired with three types of words respectively: the literal meaning of the novel
words, namely the corresponding concepts (CC), the metaphorically related words (MR), and the unrelated words (NR) (The novel
words were two-character pseudo-words (eg. fangfen). Its corresponding concept was the vehicle words, such as “flowers” in corre-
sponding metaphors. MR targets were the topic “children” in the metaphor “children are flowers”). In the semantic priming paradigm,
lexical decision task and semantic-relatedness judgment task were used to test the priming effect. Some researchers hold that the
lexical decision task reflects automatic spreading activation processing, while the semantic-relatedness judgment task reflects con-
trolled processing. In previous studies, researchers have found that the metaphorical meaning processing was more demanding than
the literal meaning processing (Coulson & Van Petten, 2002). Participants had to make an effort to process the metaphorical meaning.
The semantic-relatedness judgment task which encourages participants to focus on the semantic aspect of the learned novel words
may be more suitable to test the learning effect than the lexical decision task. For this reason, we adopted the semantic-relatedness
judgment task to explore the metaphorical meaning learning.
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Table 1
Example of the learning text and testing targets.

Learning text in the learning phase

LL condition —HKREENEYTER, . ., BN, FNED. —LSEYNEGHRSIFEER BEXERESIBERTHAEY. (A
complete plant includes roots, stalks, leaves, fruits, seeds and fangfen. The fangfen of some plants have bright color, which
can attract insects to finish transferring pollen.)

ML condition I ELFRELBERETENFR,BHAMENER. MNEREES KB E FEER XEHAENED ERRY
K&, (They are in the best time during all life, and has been regarded as the fangfen of motherland. They are always
running happily in campus, the fangfen of motherland was growing up healthily.)

Primes and targets in testing phase

Target conditions Primes Targets
Corresponding concept(CC): E 13 (fangfen) T&5%(flower)
metaphorically related word(MR):  Ef3(fangfen) #F(child)
Unrelated word1(NR1): E {2 (fangfen) 3] 1 (habit)
Unrelated word1(NR2): B 17 (fangfen) #E (longan)

Note: The examples were originally in Chinese, followed by the English paraphrased translations in parenthesis. The novel words in the contexts are
in boldface. LL: learning of the literal meaning of the novel words; ML: learning of the metaphorical meaning of the novel words.

EEG was recorded while participants read the contexts and performed the semantic relatedness judgment task. Previous studies
reported the N400 and late positive component (LPC) effects during the contextual learning (Chen, Wang, & Yang, 2014; Ding, Chen,
et al., 2017; Ding, Liu, & Yang, 2017; Zhang et al., 2017). The N400 has been regarded as an index of the difficulty of retrieving
concepts from semantic memory or integrating conceptual information into contexts (Kutas & Federmeier, 2011; Lau, Phillips, &
Poeppel, 2008). The easier it is to retrieve or to integrate information in contexts, the smaller the N400 is. The LPC is proposed to
reflect the semantic retrieval from long-term memory (Batterink & Neville, 2011; Van Petten, Kutas, Kluender, Mitchiner, & Mcisaac,
1991) and the conscious awareness of semantic relationship between words (Bouaffre & Faita-Ainseba, 2007; Chen et al., 2014;
Juottonen, Revonsuo, & Lang, 1996). Therefore, the N400 and LPC effects in response to the novel words during the learning phase,
and to the target words in the testing phase could reflect the process of learning and the establishment of semantic representations for
the words in metaphors, respectively.

In the learning phase, previous studies have found that people could rapidly infer the literal meaning of novel words as indicated
by the smaller N400s and LPCs elicited by the novel words when they appeared at the second time than the first time (Zhang et al.,
2017). Hence, we expected the N400 and LPC effects (i.e., the difference waveforms between the first and second presentations) in
response to the novel words in the LL condition. According to the conceptual blending model (Coulson & Van Petten, 2002), the
acquisition of the metaphorical meaning of the novel words would be more difficult than that of the literal meaning, the N400 and
LPC effects would be larger in the ML condition than in the LL condition.

In the testing phase, the CC targets would elicit smaller N400s/LPCs relative to the NR targets in the LL condition, because
previous studies have found that the novel words could prime their literal corresponding concepts after a short contextual learning
phase (Borovsky et al., 2012). Since the discourses in the LL condition do not involve metaphor processing, we expected that the
N400s/LPCs elicited by the MR targets and the NR targets would not be significantly different. According to the conceptual blending
model, both the literal and metaphorical meaning of the novel words would be available during metaphorical discourses reading, the
CC and MR targets would elicit smaller N400s/LPCs than the NR targets. Meanwhile the processing of the metaphorical meaning is
more demanding than that of the literal meaning, the MR targets would elicit larger N400s than the CC targets.

2. Method
2.1. Participants

Twenty-nine university students (mean age 23 years, range 19-28 years; 15 males) participated in the ERP study. They were right-
handed native speakers of Chinese with normal or corrected to normal vision. None of them had dyslexia or neurological impair-
ments. Before the experiments, they signed a consent form. After the experiment, they were paid according to the response accuracy
in the experiment. The study was approved by the Institutional Review Board of the Institute of Psychology, Chinese Academy of
Science. Five participants' data were excluded because of poor signal-to-noise ratio (three males and two female). The final data from
24 participants (mean age 23 years, range 19-28 years; 12 males) were included in the statistical analysis.

2.2. Materials and design

We chose 60 metaphors, such as “children are flowers”, from either the dictionary or previous studies. In order to guarantee the
credibility and validity of the experimental stimuli, twelve paid volunteers read all the metaphors and judge the plausibility on a 7-
point Likert scale (1 indicates “unable to understand”, 7 indicates “the easiest to understand”). Then another group of 12 participants
were asked to read these metaphors and rate their familiarities on a 7-point Likert scale (1 indicates unfamiliar, 7 indicates the most
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familiar). The results showed that the metaphors used in the learning phase were highly plausible (mean (SD) = 6.03 (0.46)) and
highly familiar (mean (SD) = 5.95 (0.48)).

After we finished the above evaluations, we extended the metaphors into two-sentence discourses in which the vehicles were
replaced by the novel words (the metaphorical meaning learning condition, ML condition). The novel words were two-character
pseudo-words in Chinese which can be pronounced but without meaning. For each novel word, we constructed discourses where they
only convey the literal meaning (the literal meaning learning condition, LL condition). In both types of discourses, each novel word
was presented twice. The first presentation was located at the end of the first sentence, and the second presentation was located in the
middle of the second sentence. We divided the 120 discourses (60 discourse in each condition) into two versions, each of which
contained 30 ML discourses and 30 LL discourses. The two discourses for the same novel word were not presented in the same
version. We asked 16 participants (nine for each version) to guess the literal meaning of the novel word in each discourse. The results
showed that the guessing rates of the novel words were equally high in the ML and LL conditions (ML condition: mean (SD) = 85.83%
(17.60%), LL condition: mean (SD) = 85.21% (19.05%); item analysis: tsoy) = 0.19, p = .850; subject analysis: tus) = 1.46,
p = .164).

Furthermore, we tested the cloze probability of the literal meaning of novel words in the learning discourses. Another 12 subjects
were recruited to complete the cloze probability test, in which the discourses were truncated before the critical words and the
subjects were asked to finish the sentences with words that came to mind. The results showed that the cloze probability of the
corresponding concepts of the novel words in the first sentences (mean (SD) = 69.31% (2.65%)) was lower than that of the second
sentences (mean (SD) = 80.56% (2.39%, item analysis: F(; 59y = 28.34,p < .001, ”PZ = 0.324; subject analysis: F7,11y) = 12.96,p =
.004, ;1p2 = 0.541). There was no difference between the ML condition (mean (SD) = 78.11% (3.18%)) and the LL condition (mean
(SD) = 77.65% (3.49%); item analysis: F3 50y = 1.80, p = .184, npz = 0.030; subject analysis: F3 11y = 0.51, p = .489, npz = 0.044).
We also asked 16 participants to evaluate the coherence of the learning materials on a 7-point Likert scale (1 indicates incoherent, 7
indicates the most coherent). The results showed that the ML discourses and the LL discourses were equally highly coherent (ML
condition: mean (SD) = 5.53 (0.56); LL condition: mean (SD) = 5.45 (0.60); item analysis: ts9y = 0.76, p = .449; subject analysis:
t(15) = 123, p= 292)

In the testing phase, the novel words served as primes in the semantic relatedness judgment task, paired with three types of real-
word targets (see Table 1 for one group of examples). In order to counterbalance participants' responses, we selected two NR targets
for each novel word (NR1 targets and NR2 targets).

Because metaphors usually use concrete concepts to represent abstract senses (Forgacs, Bardolph, Amsel, Delong, & Kutas, 2015;
Hopkins & Fishwick, 2001; Lakoff & Johnson, 1980), we asked 11 participants to judge the concreteness of the target words in a 7-
point Likert scale (1 indicates the most abstract, 7 indicates the most concrete). A repeated measures ANOVA, with target condition
(CC, MR, NR1 and NR2) was performed. There was a significant main effect of target condition (item analysis: F(3 177, = 13.19,
p < .001, ,° = 0.183; subject analysis:F(3 30y = 25.84, p < .001, 5,2 = 0.721). The results showed that the concreteness of the CC
targets was significantly higher than that of the MR (CC vs. MR: ts9) = 8.46, p < .001) and NR (CC vs. NR1: ts9) = 4.58, p < .001;
CC vs. NR2: t(s9) = 3.57, p = .006) targets. There were no significant difference between the concreteness of the MR and NR1 or NR2
(MR vs. NR1: ts9) = —1.95, p = .333; MR vs. NR2: t(s9) = —2.36, p = .130; NR1 vs. NR2: ts9) = —0.43, p = 1) targets. Subject
analysis showed the similar data mode (CC vs. MR: t10y = 7.03, p < .001; CC vs. NR1: tq0y = 5.27, p = .002; CC vs. NR2: t(10) = 5.10,
p= .003; MR vs. NR1: tao) = —1.99, p= .447; MR vs. NR2: tao) = —3.16, p= .061; NR1 vs. NR2: tao) = 232, p= .250).

Moreover, we asked 12 participants to rate the relatedness between the CC targets and the MR, NR1, as well as NR2 targets on a 7-
point Likert scale (1 indicates unrelated, 7 indicates the most related). The participants rated the MR targets to be more related to the
CC targets than the NR targets (item analysis: MR vs. NR1: tis9) = 33.74, p < .001; MR vs. NR2: {59y = 37.20, p < .001; NR1 vs.
NR2: t509y = 1.37, p = .520; subject analysis: MR vs. NR1: t31y = 14.42, p < .001; MR vs. NR2: t;1) = 14.58,p < .001; NR1 vs. NR2:
ta1) = 0.40, p = 1). These results were in line with the results of the latent semantic analysis (Landauer & Dumais, 1997), which also
represented the semantic association between the CC targets and the MR targets, as well as the NR targets (website: http://www.lsa.
url.tw/modules/lsa, statistic cosine Similarity of LSA). The statistical analysis showed that the score of the MR targets was sig-
nificantly larger than that of the NR targets (MR vs. NR1: ts9) = 3.64, p = .003; MR vs. NR2: t(s9) = 3.30, p = .007). There was no
significant difference between the NR targets (NR1 vs. NR2: tisq) = 0.30, p = 1). Last but not least, the word frequency
(Fsa77) = 1.75,p = .175, ”pZ = 0.029) (Cai & Brysbaert, 2010) and the number of strokes (F3 177, = 0.73, p = .501, npz = 0.013) of
all the target words were matched. Table 2 presents the data of aforementioned evaluations.

Table 2
Means (SDs) of the stimuli properties.
Condition Semantic relatedness LSA score Concreteness Frequency Number of stroke
CcC - - 5.62(1.11) 31.02 (102.92) 17.43(3.93)
MR 5.71(0.80) 0.11(0.11) 3.91(1.40) 73.16(132.20) 16.13(4.64)
NR1 1.65(0.49) 0.03(0.05) 4.47(1.67) 44.20(187.65) 16.72(4.85)
NR2 1.53(0.41) 0.04(0.07) 4.61(1.76) 22.44(46.79) 16.55(4.22)
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2.3. Procedure

The participants were seated in a comfortable chair in front of the screen of a computer at a distance of about 80 cm. The words
were presented in white color on a black background. The font size was 32 in both the learning and the testing phases. Similar to the
learning phase procedure of previous studies (Mestres-missé, Rodrigue-Fornells, & Miinte, 2007; Zhang et al., 2017), a fixation was
presented on the screen lasting for randomly from 800 to 1200 ms. Then the learning discourse was presented one phrase for
500 ms at a time except for the novel word, which was always presented in isolation for 1000 ms. The interval between two phrases
was 300 ms. After the last phrase, the whole passage was presented on the screen. The participants were asked to read the passage
again, and press the space button until they had learned the meaning of the novel words. A resting screen of 2000 ms was presented
before the next trial began.

After the learning phase and a short break, participants performed the semantic relatedness judgment task. A fixation cross was
presented in the center of the screen lasting for randomly from 800 to 1200 ms. The priming word was presented for 1000 ms,
followed by a 500-ms blank. Then the target word appeared and lasted for 1000 ms. Until the target word disappeared, participants
judged the semantic relatedness between the two words (7 indicates the most related, and 1 indicates unrelated). After that a resting
screen appeared for 2000 ms and then the next trial started.

Twenty-four participants were divided evenly among the two versions of learning materials (12 participants per version). Each
participant read one type of discourses for the same novel word. Therefore, it was not possible that the novel word was learned as a
lexically ambiguous word that contains two meanings (e.g., flower and child). We divided the discourses into ten blocks, each of
which contained six learning contexts (three LL contexts and three ML contexts). The learning phase and the testing phase were
interleaved. Participants read six discourses in the learning phase in a pseudo-random order with no more than three contexts of the
same condition being presented in succession. In the testing phase, the word pairs were also presented in a pseudo-random order.
Word pairs containing the same novel words were separated by at least five other word pairs, and the same response was not repeated
more than three times consecutively. All these manipulations guaranteed that the priming effects were not due to the repetition of the
novel words. Each block lasted for 8-10 min, followed by a short break. The whole experiment, including the preparation, in-
structions, a short practice consisting of 4 novel words, and the 10 experimental blocks, took about two and a half hours.

2.4. Electroencephalogram (EEG) recording and preprocessing

EEG data were collected throughout the learning phase and the test phase. The EEG data were recorded through an elastic cap,
which was equipped with 64 Ag/AgCl electrodes according to the International 10-20 system. The online reference electrode was
placed on the right mastoid electrode. And an electrode placed between FPZ and FZ served as the ground. The vertical eye movements
and blinks were monitored through a suprato-suborbital bipolar montage. A right-to-left canthal bipolar montage was used to
monitor the horizontal eye movements. Most electrode impedances were kept below 5 KQ. EEG data were recorded at a sampling rate
of 500 Hz, with a band pass filter from 0.05 Hz to 100 Hz, and amplified with AC amplifiers.

We used NeuroScan software 4.3 to process the raw data of testing phase. After automatic ocular artifacts correction (Semlitsch,
Anderer, Schuster, & Presslich, 1986), the data were filtered off-line with a 0.1-30 Hz band-pass filter, and then were segmented into
1200 ms epochs starting 200 ms before the onset of the critical words. A baseline correction was applied from 200 to 0 ms preceding
the critical words onset. The artifact rejection was performed with *+ 75 pV artifact rejection criterion. On average, 11% of all trials
were rejected. The rejections were equally distributed across the eight conditions. After that, the ERP data were re-referenced off-line
to the average of both mastoids. At last, trials were averaged in each condition at each electrode for each participant.

In the learning phase, there may be ERP waveform differences prior to the onset of the critical word between the first and second
presentations due to the distinct lexical information. In such cases, the use of a pre-stimulus baseline may result in baseline artifacts
(Osterhout, McLaughlin, Kim, Greenwald, & Inoue, 2004; Steinhauer & Drury, 2012). According to previous studies (e.g., Wolff,
Schlesewsky, Hirotani, & Bornkessel-Schlesewsky, 2008), the 0.1-30 Hz band-pass filter procedure can remove the slow voltage shifts
and avoid causing the baseline artifact at the same time. Hence, we did not apply a baseline correction for the critical words in the
learning phase.

3. Results
3.1. Behavior data

We conducted a 2 (Learning condition: LL and ML) by 4 (Target condition: CC, MR and NR1 and NR2) repeated measures ANOVA,
and we did not find any difference between the NR1 and NR2 targets. So in order to ease data processing, we picked up the NR1
targets as the NR targets for further analysis. We conducted 2 (Learning condition: LL and ML) by 3 (Target condition: CC, MR and NR
targets) repeated measures ANOVAs for behavioral data and ERP data in the following analysis. The evaluation scores and the RT
results of the semantic relatedness judgment task were shown in Table 3.

3.1.1. The evaluation scores

Prior to the analysis, we removed items to which participants did not make responses. Furthermore, we deleted the data with
erroneous responses and extreme data which were 2.5 standard deviations (SDs) away from the mean in each condition of each
participant in the semantic relatedness judgment task (0.90% among all data). The repeated measures ANOVA revealed a significant
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Table 3
Mean evaluation scores and RT in milliseconds with standard deviations (SDs) for CC, MR and NR targets in the semantic evaluation task.
Evaluation scores RT
ML LL ML LL
cC 6.64(0.05) 6.70(0.06) 655(164) 605(167)
MR 4.47(0.16) 3.28(0.21) 1360(330) 1241(365)
NR 1.50(0.10) 1.45(0.10) 833(275) 732(287)

Note: CC: literal corresponding concepts of the novel words; MR: metaphorically related words; NR: unrelated words; ML: learning the metaphorical
meaning; LL: learning the literal meaning.

main effect of Learning condition (F24) = 93.12, p < .001, ;1,,2 = 0.802), with the targets in the ML condition (mean
(SD) = 3.62(0.09)) being evaluated more semantically related to the novel words than the LL condition(mean (SD) = 3.27(0.10)).
There was a significant main effect of Target condition (F(3.46) = 59.16,p < .001, npz = 0.957). Pair-wise comparisons revealed that
the evaluation score for the CC targets was higher than those for the MR (¢23) = 15.63, p < .001) and NR (t(23) = 44.80,p < .001)
targets. In addition, the evaluation score for the MR targets was higher than that for the NR targets (t23) = 15.79,p < .001). We also
found a significant interaction between the two factors (F(3.46) = 66.51, p < .001, npz = 0.656). Further simple effect analysis re-
vealed that the evaluation score for the CC targets (t3) = —1.21, p = .24) or the NR targets (t23) = 1.27, p = .21) in two learning
conditions were not significantly different. The score for the MR targets in the ML condition was significantly higher than that in the
LL condition (t3) = 9.54, p < .001).

3.1.2. The RT data

Before calculating the mean RT data for each condition (see Table 3), we deleted the data with erroneous responses and the
extreme data which were 2.5 standard deviations (SDs) away from the mean in each condition of each participant (3.92% among all
data). The repeated measures ANOVA showed significant effects of both Learning condition (Fg; 23y = 15.27, p < .001, 5,°> = 0.399)
and Target condition (F(; »3) = 83.75,p < .001, ’7p2 = 0.785). Participants needed more time to respond in the ML condition than in
the LL condition. Pair-wise comparisons revealed that the participants responded faster for the CC targets than for the MR
(ta3y = —11.26,p < .001) and NR (t23y = —3.05, p = .017) targets. In addition, the RT for the NR targets was shorter than that for
the MR targets (t23 = —9.77, p < .001).

3.2. ERP data

We presented the ERP responses to the novel words in the learning phase as well as to the target words in the testing phase. In
order to explore the scalp distributions of the detected effects and according to previous studies investigating the novel word learning
during contextual reading (Chen et al., 2014; Ding, Chen, et al., 2017; Ding, Liu, et al., 2017; Zhang et al., 2017), we analyzed the
ERP waveforms for the midline and lateral electrodes separately, combining with another position factor, namely Anteriority
(anterior, central, and posterior). Fig. 1 shows the selected electrodes and the division for analysis. For the midline electrodes,
repeated measures ANOVAs were performed with Learning condition, Novel word position (first and second presentation), and
Anteriority (anterior, central, and posterior) serving as three within-subject factors. For the lateral electrodes, Hemisphere (left and
right) was included as another within-subject factor in the repeated measures ANOVAs. Only the (marginally) significant effects
containing the critical manipulations (Learning condition and Novel word position for the learning phase; Learning condition and
Target condition for the testing phase) were reported.

3.2.1. The learning phase

Fig. 2 presented the grand average waveforms elicited by the novel words at the two positions in the learning phase at nine
representative electrodes (surrounded by circles in Fig. 1). Based on previous studies (Zhang et al., 2017) and in view of the effects,
two time windows were selected for statistical analysis: (1) The standard N400 time window: 300-500 ms; (2) A late positivity time
window: 600-800 ms.

In the 300-500 ms time window, for the midline electrodes and lateral electrodes, we did not find any significant effects
(ps > .05). In the 600-800 ms time window, for the midline electrodes, the main effect of Novel word position was significant
(F1.23) = 8.05, p = .009, 7,> = 0.259). The novel word presented for the first time elicited more positive-going waveforms than the
second time. The main effect of Learning condition was significant (F4 23y = 4.59, p = .043, npz = 0.161), with the novel word
presented in the ML condition eliciting more positive-going waveforms than those presented in the LL condition. Other effects did not
reach statistical significance (ps > .05). For the lateral electrodes, there was a significant main effect of Novel word position
(Fa,23) = 6.06, p = .022, r]pz = 0.209), revealing that the novel words presented for the first time elicited more positive-going wa-
veforms than those presented for the second time. The main effect of Learning condition was significant (F; 23y = 4.60, p = .043,
1> = 0.167), with the novel word presented in the ML condition eliciting more positive-going waveforms than those presented in the
LL condition. Other effects did not reach statistical significance (ps > .05).
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Fig. 1. Electrode layout and the selected electrodes for statistical analysis. The average waveforms over the midline and lateral electrodes were
analyzed separately. The nine electrodes circled by the line were used to present the ERP waveforms.

3.2.2. The testing phase

The grand average waveforms elicited by the target words in the ML and LL conditions were presented in Fig. 3 and Fig. 4,
respectively, at nine representative electrodes. In view of the effect and based on previous semantic priming studies which reported
long-lasting N400 effects (300-600 ms post-onset) for the target words (Coulson & Severens, 2007; Wiese & Schweinberger, 2008),
we chose 300-600 ms to analyze the N400 effect.

For the midline electrodes, there was a significant main effect of Target condition (F(s.46) = 29.72, p < .001, 1,°> = 0.564). Pair-
wise comparisons showed that the N400 amplitudes to the targets varied in a graded manner increasing from the CC targets to the MR
targets and the NR targets (CC vs. MR: t(o3) = 4.20, p = .001; CC vs. NR: t53) = 6.69,p < .001; MR vs. NR: t(»3) = 6.82,p = .001). In
addition, the interaction between Learning condition and Target condition was marginally significant (F3 46 = 2.68, p = .079,
11p2 = 0.104). Though a generalizable interaction might be difficult to infer (p = .079), we hypothesized that the learning condition
can affect the metaphorical meaning learning according to previous studies revealing contextual promotion on the metaphorical
meaning processing (Bambini et al., 2016; Pynte et al., 1996). The processing of MR targets could be facilitated in the ML condition
than in the LL condition. Based on this hypothesis, we directly reported the pair-wise comparison results of three type of target words
in two learning conditions separately. The results showed that in the ML condition, the CC targets and the MR targets elicited smaller
N400s than the NR targets (CC vs. MR: t23) = 2.17, p = .122; CC vs. NR: t(p3) = 6.95,p < .001; MR vs. NR: to3) = 4.54,p < .001).
In the LL condition, the CC targets elicited a smaller N400 than the MR targets and the NR targets (CC vs. MR: t(23) = 4.10, p = .001;
CC vs. NR: ti23) = 5.05, p < .001; MR vs. NR: tia3) = 2.06, p= .151).

For the lateral electrodes, there was also a significant main effect of Target condition (Fi 46, = 43.61, p < .001, 5,° = 0.655).
Pair-wise comparison showed that the N400 amplitudes to targets varied in a graded manner increasing from the CC targets to the MR
targets and the NR targets (CC vs. MR: t(23) = 4.65,p < .001; CC vs. NR: t(23) = 8.22,p < .001; MR vs. NR: t(»3) = 5.39, p = .001).
In addition, the interaction between Learning condition, Target condition, Hemisphere and Anteriority was marginally significant
(Fi2,46) = 2.28,p = .087, qu = 0.090). The following three-way ANOVAs revealed significant interaction among Learning condition,
Target condition, and Hemisphere in the central region (anterior: F 46y = 0.85, p = .430, npz = 0.036; central: F 46 = 3.53,
p =.037, npz = 0.133; posterior: Fz4¢) = 1.63, p = .210, 11p2 = 0.036). However, over the central electrodes, the two-way interac-
tion in each hemisphere did not reach significance (left: F 46y = 0.52, p = .597, n, 2 =0.022; right: Fp 46y = 2.15, p = .128,
> = 0.085).

4. Discussion

The current study examined whether the metaphorical meaning of novel words can be learned and how the metaphorical meaning
was acquired during contextual reading. In the learning phase, the novel words elicited larger LPCs when they were presented for the
first time than the second time. During the testing phase, the behavioral data showed that the responses to the CC targets were faster
than those to the MR and NR targets. In addition, the RTs for the MR targets were longer than those for the NR targets. The ERP data
showed that the N400 amplitudes elicited by the CC, MR and NR targets increased gradually in both learning conditions over the
lateral electrodes tested. For the midline electrodes, the N400 difference between the CC and MR targets was gone in the ML
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A Waveforms elicitied by the target words in the ML condition
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Fig. 3. ERP waveforms (A) and topographies (B) for the target words in the metaphorical meaning learning condition in the testing phase. CC:
Corresponding concepts; MR: Metaphorically related words; NR: unrelated words.

condition. In the LL condition, the N400 difference between the MR and NR targets was absent.

In the learning phase, the novel word in the first presentation elicited a significantly larger LPC compared with the second
presentation. This result was consistent with previous studies (Zhang et al., 2017). The LPC effect is proposed to reflect the retrieval
of semantic information from long-term memory and the integration of the retrieved information into working memory (Batterink &
Neville, 2011; Van Petten et al., 1991). Participants were asked to infer the novel word's meaning on the basis of the learning
discourses. When they first encountered the novel word, they had to retrieve semantic information from long-term memory according
to the current context and integrate the information in the working memory to infer the meaning of the novel words. When the novel
words were presented for the second time, the semantic retrieval was not as difficult as the first time. Therefore, the novel words in
the first presentation elicited a significantly larger LPC comparing to the second presentation.

The novel words in the ML condition elicited a larger LPC compared with the LL condition. This result was consistent with
previous studies revealing larger LPCs for the metaphor processing than for the literal expression processing (Bambini et al., 2016;
Wilson & Carston, 2007). For instance, Bambini et al. (2016) recorded EEG activities while participants read metaphors (e.g., “That
lawyer is really aggressive. He is a shark.”) and literal expressions (e.g., “That fish is really aggressive. It is a shark.”) Results showed that
the critical nouns (i.e., shark) elicited larger LPCs in the metaphor condition than in the literal expression condition. They proposed
that the LPC effect reflected a pragmatic interpretative process, namely a inferential processing from the literal meaning to meta-
phorical meaning. In the current study, the novel words in the ML condition elicited larger LPCs than those in the LL condition,
suggesting that participants needed to process the pragmatic information in metaphorical meaning learning.

Interestingly, differing from the previous studies (Mestres-missé et al., 2007; Zhang et al., 2017), the N400s elicited by the novel
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Fig. 4. ERP waveforms (A) and topographies (B) for the target words in the literal meaning learning condition in the testing phase. CC:
Corresponding concepts; MR: Metaphorically related words; NR: unrelated words.

words were not significantly different between the first and second presentations. The N400 component has been usually regarded as
an index for the difficulty of semantic integration (Kutas & Federmeier, 2000). The absence of the N400 effect in the current study
might be attributed to the relatively low guessing rates of the novel words (the current study: 86% on average vs. Zhang et al.: 95% on
average). Although the information for the inference has been mostly retrieved from long-term memory (as reflected by the LPC
effect), the low guessing rates made participants also try to infer the meaning of the novel words at their second presentation and find
coherence rather than detecting mistakes or violations. Therefore, the semantic integration of the novel words was not easier for the
second time than the first time, resulting in the similar N400s in response to the novel words.

The ERP effects being not modulated by the learning contexts seems to contradict with the conceptual blending model during the
learning of the metaphorical meaning of novel words. The conceptual blending model proposes that the processing of the meta-
phorical meaning of words is more demanding/difficult than that of the literal meaning, the LPC effect should be larger in the ML
condition than in the LL condition. However, the absence of the modulation might be accounted for by the inferring difficulty.
Participants inferred the meaning of novel words through the whole discourses as reflected by the similar N400 elicited by the novel
words at the first and second positions. Therefore, the processing difficulty of the metaphorical meaning might be superimposed on
the general inferring difficulty of the novel words.

During the semantic relatedness judgment task, the scores for the CC targets and MR targets were higher than that for the NR
targets in both learning conditions, indicating that participants could be aware of the semantic relationships between the novel words
and the CC as well as MR targets. This result suggested that participants acquired both the literal meaning and the metaphorical
meaning of the novel words in both learning conditions. In addition, the score for the MR targets in the ML condition was higher than
that in the LL condition. This indicated that the supportive contexts could promote the metaphor processing (Bambini et al., 2016;
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Pynte et al., 1996), which would further benefit the learning of the metaphorical meaning of novel words.

The RTs for the CC targets were shorter than those for the NR targets, which also supported the acquisition of the literal meaning
of the novel words. However, although the MR targets were more semantically related to the novel words than the NR targets, the RTs
for the MR targets were longer than those for the NR targets. This might be interpreted by the difficulty of the current task.
Participants were asked to judge the degree of the semantic relatedness between the novel words and the target words. The CC targets
were the corresponding concepts of the novel words, and the NR targets were completely unrelated to the novel words. It is easier for
participants to decide the semantic relatedness between the novel words and the CC targets, as well as the NR targets. However, the
MR targets were moderately related to the novel words, participants needed more time to make responses for the MR targets. That is,
participants should pay extra attention to process the relationships between the novel words and the MR targets, which produced
longer reaction time for the MR targets.

For the ERP data in the testing phase, we found that the N400s elicited by the targets increased in a graded manner from the CC
targets, to the MR targets and to the NR targets in both learning conditions. The N400 amplitude is an indicator of the spread of
semantic activation associated with the processing of prime words (Rolke, Heil, Streb, & Hennighausen, 2010), with target words
preceded by semantically related words eliciting smaller N400s relative to those preceded by unrelated words in semantic relatedness
judgment task (Batterink & Neville, 2011; Chen et al., 2014; Mestres-missé et al., 2007). The observed N400 effect for the CC targets
reflected the spread of semantic activation from the prime stimuli to the target stimuli, suggesting that participants have learned the
literal meaning of the novel words.

In the ML condition, the CC targets also elicited smaller N400s than the NR targets, suggesting that participants could learn the
literal meaning of the novel words in the discourses supporting the metaphorical meaning. Importantly, we found that the MR targets
elicited smaller N400 amplitudes than the NR targets. This result showed that the novel words primed the MR targets, indicating that
participants have learned the metaphorical meaning of the novel words which is consistent with the behavioral results. In addition,
the MR targets elicited a larger N400 than the CC targets, suggesting a larger facilitation of the novel words for the CC targets than for
the MR targets. During reading the metaphorical contexts, participants infer the meaning of novel words which were the vehicles of
the metaphors. According to the smaller N400Os for the CC and MR targets than the NR targets, both the literal meaning and the
metaphorical meaning of novel words are available during metaphor processing. Meanwhile, the larger N400s for the MR targets than
the CC targets suggests that the processing of the metaphorical meaning is more demanding than that of the literal meaning. This
result is in line with the conceptual blending model (Coulson & Van Petten, 2002).

Interestingly, the N400 effect in response to the MR targets was also observed in the LL condition, indicating that participants got
the metaphorical meaning of novel words. Theoretically, participants should only learn the literal meaning of the novel words in the
LL condition, because the discourses in this condition did not included metaphor processing. The N400 effect for the MR targets in the
LL condition was probably due to the high familiarity of the metaphors in the present study. The literal meaning and the metaphorical
meaning of the vehicles (the novel words) are highly bound together. Once participants learned the literal corresponding concepts of
the novel words, the connections between the novel words and the metaphorically related words were built up, leading to the
reduced N400s for the MR targets preceded by the novel words.

Over the midline electrodes tested, we found an influence of the learning contexts on the building of the semantic association
between the novel words and the target words. In the ML condition, the N400 difference was gone between the CC and MR targets; in
the LL condition, the N400 effect was absent between the MR and NR targets. These results indicated that priming effect of the novel
words for the MR targets was larger in the ML condition than in the LL condition, suggesting that the supportive contexts for the
metaphors facilitated the acquisition of the metaphorical meaning of the novel words. Previous studies have shown that the sup-
portive context which explicitly described the relation between the topic and vehicle in a metaphor promotes metaphor compre-
hension (Bambini et al., 2016). This promotion could be due to the strong association between the literal and metaphorical meanings
of the vehicle because the contextual cues facilitated the mapping between the literal and metaphorical meanings. In the present
study, the discourses in the ML condition expanded the metaphors and contained more information, resulted in strong connections
between the novel words and the MR targets. Although participants were aware of the semantic relationships between the novel
words and the MR targets in the LL condition, the semantic connections were not as strong as those in the ML condition.

In conclusion, the behavioral and ERP data provide convergent evidence that participants can get the metaphorical meaning of
novel words during contextual learning. Consistent with metaphor processing, the learning of the metaphorical meaning is more
difficult than the literal meaning. However, the supportive contexts for the metaphors facilitate the acquisition of the metaphorical
meaning. The findings of the present study support the conceptual blending model in the domain of word learning.
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