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Abstract

Previous research has found that metaphor comprehension is oftenmore challenging in L2 than
in L1 because of the prioritization of literal meanings, but the effect of cross-cultural
conceptual differences and the role of inhibitory control during L2 metaphor processing
remain uninvestigated. We explored these through a metaphor-induced lexical forgetting
paradigm (Experiment 1), a metaphor interpretation task (Experiment 2), and an eye-
tracking reading task (Experiment 3) to evaluate competing theories. Inhibitory control
did not play a significant role during reading culturally congruent metaphors as it did for
culturally incongruent ones. However, interpreting both kinds of L2 metaphors involved
more inhibitory control than literals, even after explicit explanatory contexts. Although
literal meanings (and culturally incongruent L1 metaphorical meanings) of L2 metaphors
may always be activated, inhibition involvement depends on both task requirements and
metaphor properties. These can be explained by the extended graded salience view and the
predictive processing framework.

Highlights

• Reading culturally incongruent L2 metaphors seems to inhibit L1 metaphorical meanings.
• L2 metaphorical meanings are not directly accessed, even after explanatory contexts.
• Task requirements and metaphor properties moderate inhibition involvement.
• The predictive processing account accommodates variations in metaphor comprehension.

1. Introduction

Imagine your friend has just gotten off work and upon seeing you say, “My boss is a dragon”.
Now, no matter what cultural background you come from, you know those words are not to be
taken literally, i.e., your friend does not really work for a legendary creature with reptilian traits. It
is a metaphor, the use of language to describe one thing (the topic) in terms of something else
that is conceptually very different (the vehicle). However, if you and your friend have always
lived in European culture, you will probably take it that the boss is difficult to deal with, while if
both of you have always lived in East Asia, you will see the boss as successful and praiseworthy.
An intriguing situation arises if you come from a different cultural background than your
friend. In that case, you may weigh your knowledge of dragons in two cultures (or the lack of
it), your friend’s facial expression and tone of voice, following remarks of the boss, etc., all of
which will call for more cognitive effort. You may need to inhibit going straight to the
metaphorical sense in your native linguistic culture to cross the cultural bridge, and you
could go astray in the process.

Metaphors are prevalent in natural language, making up as much as 20% of discourse (Steen
et al., 2010). They are used as not only figurative embellishments but also teaching devices
(Littlemore et al., 2012; Ortony, 1975). A myriad of empirical studies have been conducted to
investigate metaphor comprehension in native (L1) speakers, upon which several theories have
been offered. For second language (L2) users, metaphor comprehension adds fuel of figurative
understanding to the flames of being non-native, especially when an L2 metaphorical expression
has a different metaphorical meaning in L1 culture. According to Littlemore et al. (2011), 40% of
the spoken items that international students found difficult during university lectures were
metaphors. However, psychological studies about metaphor have by and large ignored the
linguistic cultural dimension, and bilingual metaphor processing remains underexplored. Mean-
while, it is reasonable to assume that inhibitory control, proved to be pivotal in both bilingual
language processing (Bialystok &Martin, 2004; Liu et al., 2016; Luk et al., 2010) and L1metaphor
comprehension (Chiappe & Chiappe, 2007; Columbus et al., 2015; George & Wiley, 2016, 2019;
Gernsbacher et al., 2001; Glucksberg et al., 2001; Rubio Fernández, 2007), will figure prominently
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in L2metaphor processing, though little attention has been given to
its investigation. The lacunae left by these paucities motivated the
present study. We aim to explore the role of individual differences
in inhibitory control during comprehension of both culturally
incongruent and culturally congruent L2 metaphors, based on
which we try to evaluate and extend existing accounts to develop
a more comprehensive account for L2 metaphor comprehension.

1.1. L1 metaphor comprehension and the role of inhibition

Traditionally, the Standard Pragmatic View argues that only when
an obligatorily analysed literal meaning is inappropriate context-
ually (e.g., a boss cannot be an actual dragon) is it inhibited and
triggers a nonliteral interpretation (Grice, 1975; Searle, 1979). This
serial processing view has been extensively tested in L1 speakers and
conclusively rejected (Harris, 1976; Keysar, 1989; Mcelree & Nor-
dlie, 1999; Pollio et al., 1984). For example, Glucksberg et al. (1982)
found that people were slower to respond “false” to sentences that
were literally incongruous but had possible metaphorical interpret-
ations (e.g., Some surgeons are butchers.) than to those without (e.g.,
Some apples are oranges.). This was called the Metaphor Interfer-
ence Effect, indicating that extraction of metaphorical meaning can
be immediate and obligatory, even when it interferes with literal
processing as required by the context.

Alternatively, the Direct Access View suggests that listeners need
not automatically analyse the complete literal meanings of nonliteral
linguistic expressions either before or in parallel to accessing con-
textual pragmatic knowledge to figure out the intended figurative
meanings (Gibbs, 2002;Ortony et al., 1978). Amore recent version of
this view is the Constraint Satisfaction Model (Katz, 2005; Katz &
Ferretti, 2001, 2003; MacDonald & Seidenberg, 2006; Pexman, 2008;
Pexman et al., 2000). It professes that comprehension is achieved
through parallel satisfaction of multiple probabilistic constraints,
including lexical and contextual ones. Under the direct access view,
given strong prior contextual constraints, even the figurative mean-
ing of an unfamiliar metaphor can be accessed directly and precisely,
without invoking and then inhibiting the literal meaning.

Opposing the possible superiority of contextual influence over
lexical one, the Graded Salience View (Giora, 2003, 2012) argues that
upon seeing the stimulus, the more salient meaning encoded in the
mental lexicon always reaches a sufficient level of activation faster
and is accessed obligatorily before less salient ones, independent of
the context. Salience depends on conventionality, frequency, famil-
iarity, and prototypicality, regardless of figurativeness/literality. The
predictive context may in parallel facilitate the construction of a
different nonsalient meaning before or after the activation of the
salient one. If the salientmeaning turns out to be inappropriate in the
local context, like the literal meaning of an unfamiliar metaphor,
inhibition of it will take effect only when it interferes with construct-
ing the appropriate contextual interpretation.

Tremendous effort has been poured into adjudicating between
these different views, by figuring out different activation time points
or processing efforts for literal and figurative meanings (Arzouan
et al., 2007; Bambini et al., 2016; Blank, 1988; Blasko & Connine,
1993; Coulson & Van Petten, 2002; De Grauwe et al., 2010; Giora,
1997, 2003; Giora & Fein, 1999; Lai et al., 2009; McElree & Nordlie,
1999; Pynte et al., 1996; Weiland et al., 2014). However, to our
knowledge, no study has ever tried to evaluate these theories by
their implicitly postulated roles of inhibition, though it has been
demonstrated that metaphor comprehension involves inhibitory
control (Chiappe & Chiappe, 2007; Columbus et al., 2015; Lai et al.,
2015; Rapp et al., 2012; Yang, 2014; Yoon et al., 2021). Several

studies without explicitly measuring individual differences in
inhibitory control, have investigated the inhibition of metaphor-
irrelevant literal properties in L1 metaphor comprehension.
Gernsbacher et al. (2001) and Glucksberg et al. (2001) using
sentence-verification paradigms found that validation of literal
target sentences took longer after reading metaphorical prime
sentences. Rubio Fernández (2007) using a cross-modal lexical
priming task, observed that both metaphor-relevant and irrelevant
properties were active up to 400ms from the offset of the prime, but
after 1000ms, only the relevant properties remained active. Using a
metaphor-induced lexical forgetting paradigm, George & Wiley
(2016, 2019) found that reading metaphors (e.g., The lawyer for
the defense is a shark) led to reducedmemory for previously studied
literal associates of the metaphoric vehicles (e.g., SHARK–swim),
and this inhibition of literal properties depended on metaphor
familiarity, i.e., only happened for reading unfamiliar metaphors.

Although not discussed by the authors, we think the results of
these studies shed light on the above theories. The inhibition of
metaphor-irrelevant properties in Gernsbacher et al. (2001) and
Glucksberg et al. (2001) seems explicable by both the standard
pragmatic view and graded salience view, but the latter serves better
accounting for George and Wiley (2016, 2019)’s finding that read-
ing familiar metaphors didn’t lead to inhibition of literal properties
as did reading novel ones. The graded salience view can explain that
the literal properties of familiar metaphors will not interfere with
constructing the appropriate contextual interpretation as much as
for novel metaphors. Therefore, they may not get inhibited. Also,
Rubio Fernández (2007)’s finding that with prior paragraph con-
texts both metaphor-relevant and irrelevant properties got acti-
vated early on, opposes the standard pragmatic view and the direct
access view, but lends support to the graded salience view. To
further test these theories, however, we still need experiments with
prior context manipulation and direct measurement of inhibition
involvement. We plan to use the classic colour-word Stroop task as
our inhibitory control measurement because it requires inhibiting a
predominant response in favour of a contextually adaptive
response, highly similar to the presumed process during (at least
some) metaphor comprehension.

1.2. L2 metaphor comprehension and the role of inhibition

According to some estimates, more than half of the world’s popu-
lation is multilingual (Bialystok, 2017), but metaphorical language
competence is generally not considered a core skill in L2 learning
and teaching (Littlemore & Low, 2006). Hence, even highly profi-
cient L2 speakers struggle to understand and use metaphorical
expressions effectively in their L2, find these difficult even if they
contain familiar words, and are often unaware of their misinter-
pretations (Littlemore et al., 2011). This pedagogical urgency only
punctuates the regrettable paucity of comparable research into L2
metaphor processing in contrast to the abundance of L1 studies,
though recent years have seen a growing interest in themechanisms
associated with bilingual figurative language processing.

On the one hand, metaphor understanding seems to present
more challenges in L2 compared to L1 (e.g., Chen et al., 2013;
Citron et al., 2020; Jankowiak et al., 2017; Mashal et al., 2015).
Jankowiak et al. (2017) observed that even familiar metaphors were
processed as novel in L2 as reflected by similarly reduced late
positive component (LPC) amplitudes. Mashal et al. (2015) found
that bilinguals demonstrated a left hemisphere advantage for pro-
cessing conventional metaphoric expressions in L1, but a right
hemisphere advantage for processing the same metaphors in L2,
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mirroring howmonolinguals process unfamiliarmetaphors (Bohrn
et al., 2012). In the case of L2 idioms, while L1 speakers could
directly access the holistic idiomatic meaning, even proficient L2
speakers relied on the L1 conceptual system (Carrol & Conklin,
2014; Kecskés, 2000; Senaldi & Titone, 2022) and prioritized the
verbatim literal meaning even when they knew its idiomatic mean-
ing and the idiom was embedded in a figurative context (Cieślicka,
2006; Cieślicka & Heredia, 2011; Siyanova-Chanturia et al., 2011).
The prioritization of literal meaning during L2 figurative compre-
hension has been encapsulated as the Literal-Salience Model by
Cieślicka (2006), which is a specification of the graded
salience view.

However, there is evidence thatmetaphor processing in L2 is not
fundamentally more difficult than in L1 as L2 dominance or
proficiency grows. Segal and Gollan (2018)’s balanced bilinguals
showed the same left hemisphere advantage as natives in metaphor
processing, in contrast to the right hemisphere advantage mani-
fested by Mashal et al. (2015)’s unbalanced bilinguals. Vaid et al.
(2015) found that L2-dominant and balanced bilinguals showed
more than twice the amount of Metaphor Interference Effect in L2
than monolinguals, but this automatic activation of metaphorical
meanings didn’t appear when the L2 of the bilinguals was subdom-
inant to L1. Heredia and Cieslicka (2016) also found that although
bilinguals were more likely to access the literal meaning of meta-
phor first if their L2 was subdominant, they had early access to both
the literal and figurative meanings if their L2 was dominant or at
least balanced with L1. Research on L2 formulaic expressions has
also suggested more native-like processing as L2 proficiency devel-
ops (Carrol et al., 2016; Cieślicka et al., 2014). This modulation of
literal versus figurative meaning activation by L2 dominance or
proficiency fits well with the graded salience view as in L1. Notably,
most L2 metaphor studies did not explicitly manipulate context to
test the direct access view. Supportive situational context has been
found to boost L2 idiomatic language processing (Cieślicka et al.,
2014; Cieślicka &Heredia, 2011), but it remains to be seen whether,
with a strong prior context, bilinguals can directly tap the figurative
meaning of an L2 metaphor without accessing the literal.

On the other hand, as language is deeply rooted in culture
(Hadley, 1997), bilinguals’ L1 cultural knowledge may hinder their
comprehension of culturally incongruent L2 metaphors. Concep-
tual metaphor theory (Lakoff & Johnson, 2003) claims that meta-
phorical linguistic expressions manifest underlying conceptual
patterns in thought that people use to conceive of the world, some
of which inevitably vary across linguistic cultures due to different
experiences, cognitive preferences and styles (Kövecses, 2005a,
2005b). From the viewpoint of embodied cognition, metaphor
emerges from the interaction between body and culture (Yu,
2008). Primary metaphors derived directly from common human
experience are more likely to be universal, whereas complex meta-
phors as combinations of primary metaphors and cultural beliefs
tend to be culture-specific. Deignan et al. (1997) in a comparative
analysis of conceptual metaphors across Polish and English iden-
tified four types of variation, one of which is the expression with
equivalent linguistic forms, i.e., the same literal meaning across
languages, but different conceptual metaphorical meanings. This
kind of cross-cultural variation presented the largest difficulty for
Malay-speaking learners of English body-part metaphors in
Charteris-Black (2002), who resorted to the L1 conceptual basis,
leading tomisunderstanding. Türker (2016) also found L2 speakers
had a better comprehension of those L2 metaphors with corres-
ponding metaphorical interpretations in L1. During L2 formulaic
processing, incongruent L2 formulaic expressions that have no L1

counterparts and can only be rephrased literally in L1 were found to
suffer processing difficulty (Bortfeld, 2003; Carrol et al., 2016;
Carrol & Conklin, 2014; Laufer, 2000; Titone et al., 2015; Wolter
& Gyllstad, 2011, 2013). Besides the few scanty studies mentioned
above, however, the effect of cross-cultural conceptual differences
in L2 metaphor processing has rarely been investigated.

Based on existing literature on L2metaphor processing, it seems
that the literal meaning always gets activated, possibly requiring
inhibition. In the case of culturally incongruent L2 metaphors
where equivalent linguistic forms (i.e., the same literal meaning)
correspond to different conceptual metaphorical meanings across
languages, the presence of a conflicting L1 metaphorical meaning
besides the literal one may demand even more inhibition. To our
knowledge, only one study to date has examined the role of inhibi-
tory control in L2metaphor processing (Lü et al., 2019). They found
participants with higher inhibitory control ability made signifi-
cantly faster metaphorical judgements, but only for familiar L2
metaphors. While the theoretical views introduced above implicate
different involvement of inhibition during metaphor processing,
none of them have explicitly accommodated individual differences
in inhibition. The Predictive Processing (PP) framework (Clark,
2016; Friston, 2010; Hohwy, 2013) can offer a more comprehensive
theory for metaphor comprehension.

PP proposes that the brain is in a continuous effort to minimize
bottom-up prediction error, which is part of incoming sensory
evidence that remains unexplained by top-down predictions gen-
erated based on prior world knowledge and contextual expectations
by a hierarchical model. Perception, cognition, and action are
realized by minimization of prediction errors at multiple levels of
the hierarchy across time. Prediction error minimization is a spe-
cific application of the free energy principle, according to which
“any self-organizing system that is at equilibrium with its environ-
ment must minimize its free energy” (Friston, 2010). There are two
complementary and mutually constraining ways to minimize pre-
diction error. In perceptual inference, top-down predictions of
sensory states are modified as a result of prediction error. For
example, N400 and P600 have been respectively associated with
semantic prediction error and syntactical and pragmatic prediction
error pushing for an update of predictions (Fitz & Chang, 2019;
Kuperberg & Jaeger, 2016; Rabovsky et al., 2018). In active infer-
ence, the causes of available sensory input are changed by action to
bring about predicted sensory states. Saccadic eye movement has
been argued as a ubiquitous way to minimize prediction error by
actively selecting the array of available visual stimuli (Clark, 2016;
Friston et al., 2012; Hohwy, 2013). Top-down predictions lead to
saccades towards locations that promise to bring about a reduction
of prediction error, including parts of linguistic stimulus that are
either infrequent or unexpected given prior context and world
knowledge.

PP has been applied to both lower-level language processes (e.g.,
Lupyan & Clark, 2015; Ylinen et al., 2017) and higher-level ones
(Fabry, 2021; Fabry & Kukkonen, 2019; Lewis & Bastiaansen, 2015;
Olkoniemi et al., 2022). Thinking about L2 metaphor comprehen-
sion in terms of prediction error minimization (Olkoniemi et al.,
2022), the figurativeness of metaphors was supposed to trigger
larger prediction errors than literal expressions, thus requiring
longer reading time. Higher L2 proficiency and metaphor famil-
iarity allowed better prediction, produced less prediction error, and
correspondingly shortened reading time. From the perspective of
PP, the Stroop incongruency has been conceptualized as a predic-
tion error during the interplay between predictions originating
from the high level of the hierarchical predictive model reflecting
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long-term memory, and the stimulus and task structures at hand
(Jiang et al., 2014;Wallentin et al., 2015). Thus, inhibitory ability as
reflected by the Stroop task can be regarded as the efficiency in
resolving prediction errors through more context-adaptive behav-
iour. Thus, individuals with higher inhibitory control canminimize
prediction errors induced by metaphor more effectively.

1.3. Overview of the present study

To sum up, previous research has found that metaphor compre-
hension is generally more challenging in L2 than in L1, possibly
because of the prioritization of literal meanings, though this diffi-
culty seems to diminish as L2 proficiency grows. However, the
effect of cross-cultural conceptual differences and the role of indi-
vidual differences in inhibitory control during L2 metaphor pro-
cessing have barely been investigated. Inhibitory control has proved
important during L1metaphor processing because the literalmean-
ing may need to be suppressed, and presumably, it will figure more
prominently during L2 metaphor comprehension, especially for
culturally incongruent ones. Previous metaphor research has
offered competing theories including the direct access view, the
literal-salience model, and the graded salience view, all with differ-
ent implications for the role of inhibition during L2 metaphor
processing. However, these theories have not explicitly accounted
for how individual differences in inhibition affect metaphor com-
prehension, while PP can do so. In the present study, through three
experiments, we aim to nail down the role of individual differences
in inhibitory control during comprehension of both culturally
incongruent and culturally congruent L2 metaphors, based on
which we will evaluate and extend existing accounts to develop a
more comprehensive theory for L2 metaphor comprehension.

Specifically, in Experiment 1, we explored whether the compre-
hension of culturally incongruent L2 metaphors would involve the
inhibition of conflicting L1 metaphorical meanings by using a
metaphor-induced lexical forgetting paradigm (George & Wiley,
2016, 2019). In Experiment 2, we tried to figure out whether the
presence of context would affect the involvement of inhibitory
control during the interpretation of both culturally congruent
and culturally incongruent L2 metaphors, in order to test present
theories. In Experiment 3, we used eye-tracking to determine the
potentially different time course of inhibition involvement during
reading culturally congruent and culturally incongruent L2 meta-
phorical sentences, compared with literal ones.

2. Experiment 1

Experiment 1 extended the metaphor-induced lexical forgetting
paradigm (George & Wiley, 2016, 2019) to test whether the com-
prehension of culturally incongruent L2 metaphors would involve
the inhibition of conflicting L1metaphorical meanings. George and
Wiley (2016) found that reading metaphor sentences (e.g., The
lawyer for the defense is a shark) led to reduced memory for
previously studied literal associates of the metaphoric vehicles
(e.g., SHARK–swim, where SHARK is the metaphoric vehicle and
swim is its literal associate), but only for novel metaphors. This was
interpreted as the inhibition of literal properties. A subsequent
study (George & Wiley, 2019) provided further support for the
inhibitory account for this forgetting effect over a blocking or cue-
based interference account.

We reasoned that during the comprehension of culturally
incongruent L2 metaphors, in addition to literal meanings, L1

metaphorical meanings would also get activated and then inhibited.
We asked participants to learn word pairs where the cues were
potential L2 metaphoric vehicles and the targets were associates of
their culturally incongruent L1metaphoric meanings (e.g., dragon–
success). Then, participants read sentences containing half the cues
used in their L2 metaphorical meanings (e.g., My boss is a dragon
because he often punishes us severely for small things.).We predicted
that subsequent forgetting of the L1 metaphorical associates in the
final cued-recall test would be greater if the corresponding cues had
appeared in L2 metaphorical sentences as the vehicles, manifesting
as longer reaction times and lower recall accuracy. This could reflect
the inhibition of L1 metaphorical meanings when processing L2
metaphorical meanings.

2.1. Method

Participants
Participants were 38 Chinese students (28 female) recruited from
Beijing Normal University between the ages of 18–25 (M = 20.21,
SD = 1.33). They were all native Chinese speakers learning English
as L2 for at least 8 years. They had normal or corrected-to-normal
vision and had no neurological or psychiatric disorder. They signed
the written informed consent and got monetary compensation for
participation. This study was approved by the ethics committee of
Beijing Normal University.

The L2 proficiency requirement during recruitment was to have
scored higher than 550 in CET-6 (College English Test Band 6) or
70 in TEM-4 (Test for EnglishMajors-Band 4). Both tests are English
examinations for college students conducted by the Ministry of
Education of China. The CET-6 is for non-English majors and
assesses listening, reading, and writing performance. The maximum
score is 710, and the passing score is 425. The TEM-4 is for English
majors and assesses listening, writing, grammar, vocabulary, and
reading performance. The maximum score is 100, and the passing
score is 60. Then participants were asked to self-rate their English
proficiency (1 = low proficiency, 5 = high proficiency) in listening,
speaking, reading, and writing on a 5-point scale. Furthermore, the
Oxford Quick Placement Test (OQPT, 2001) was used to provide an
objective assessment of English proficiency. It takes approximately
15 min and consists of 60 multiple-choice questions with increasing
levels of difficulty, including discrete multiple-choice questions and
multiple-choice cloze questions. The mean OPT score of our parti-
cipants was 41.33 ± 2.04, which placed them at the upper intermedi-
ate level. Supplementary Table A1 in the Supplementary Materials
shows participants’ information on age, age of English acquisition,
English proficiency ratings, and OQPT scores.

Materials
Based on the categorization of L2 metaphors by Deignan et al.
(1997) and Charteris-Black (2002), we defined culturally congruent
L2 metaphors as those with both equivalent linguistic expressions
and metaphorical meanings across L1 and L2, while culturally
incongruent L2 metaphors as those with equivalent linguistic
forms, i.e., the same literal meaning, but different metaphorical
meanings across L1 and L2. We chose 30 culturally incongruent
metaphor vehicles fromAUsageDictionary of English andChinese
ConceptualMetaphors (Su, 2009), which is a Chinese version of the
Collins CoBuild English Guides 7: Metaphor (Deignan, 1996).
Thirty English metaphorical sentences were created, in which each
vehicle was used in its L2 metaphorical sense followed by an
explanatory clause to make sure participants correctly process the
L2metaphorical meaning (e.g.,My boss is a dragon because he often
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punishes us severely for small things.). For each metaphorical sen-
tence, a statement was created to which participants had to judge
true/false (e.g.,My boss often punishes us.). Then 30 cue-target word
pairs were created, in which the cues were the metaphor vehicles of
the sentences, and the targets were associates of their L1 metaphor-
ical meanings but not related to the L2metaphorical meanings (e.g.,
dragon–success). All stimuli are presented in Table A2.

We asked 30 participants not involved in the formal experiment
to judge the semantic relatedness between the cue’s L1 metaphor-
ical meaning and the target for each word pair (1 for highly
unrelated, 5 for highly related). To assess the rate of recall of these
word pairs, we conducted a norming experiment with another
14 participants who would not enter the formal experiment. They
studied the 30 cue-target pairs on a sheet of paper for 5 min,
followed by cue plus first-letter-stem recall on a sheet of paper
for 5 min. The average percentage recall for these participants was
97.62% ± 3.91%. For each word pair, the average percentage recall
was calculated across participants. These word pairs with corres-
ponding metaphorical sentences were then split into two lists of
15 items that matched the targets on the base rate of recall, word
frequency, number of letters, and number of syllables. Semantic
relatedness of word pairs and length of metaphorical sentences
were also matched (all |t|s < 1). The two lists were used to coun-
terbalance materials across the two conditions, with equal numbers
of participants in each condition.

Procedure
There were four phases for the experiment: study, initial cued-
recall, metaphor comprehension, and final cued-recall. In the study
phase, participants were given the 30 cue-target word pairs on a
sheet of paper and instructed to study each word pair so that when
given the cue word, they could recall the target. The order of items
was randomized for each participant. They had 5 min to study this
list before it was collected.

Immediately following the study period, participants received a
cued-recall test of all 30 cue-target pairs via E-Prime 2.0
(Psychology Software Tools, Schneider et al., 2012). This test was
presented using a PC (Lenovo) with an LCD monitor (Philips
220V4, 22 inches, screen area: 1440 by 900 pixels; refresh rate:
16.67 ms). Participants sat in a comfortable chair with a viewing
distance of 80 cm in a well-lit, sound-attenuated room. Stimuli were
centred as black words on a grey background in lowercase Times
New Roman with a font size of 40 points. These basic experiment
set-ups were the same throughout our study unless stated other-
wise. The order of items was pseudo-randomized for each partici-
pant. Each trial began with the presentation of a fixation cross for
500ms, followed by the presentation of the cue word, alongwith the
first letter of the target before a blank response box, for up to 6 s.
Participants were instructed to fill in the target by typing into the
response box as quickly as possible. Recall RT was calculated from
the cue onset to the first keystroke response. After 5 s or after
participants pressed the enter key, the next trial began. We famil-
iarized participants with 3 example trials before the formal cued-
recall test.

Following the initial recall, the metaphor comprehension task
was presented also using E-Prime 2.0. Participants were presented
with one of the two lists of 15 metaphorical sentences in which the
vehicle was a cue from the previously studied word pairs (metaphor
condition). The other half of the cue words did not appear in any
sentences (no-metaphor condition). The sentences were presented
in pseudo-random order one at a time in 20-point Times New
Roman font. Each trial began with the presentation of a fixation

cross for 500 ms, followed by the presentation of a sentence at the
centre of the screen for up to 20 s. Participants were instructed to
press the space bar after they finished reading. Then, to make sure
participants process the L2 metaphor, a statement related to the
previous metaphorical sentence appeared on the screen to which
they had to judge true or false with keys F/J counterbalanced.

Following the metaphor comprehension task, participants
received a final cued-recall test of all 30 cue-target pairs in the same
way as the first cued-recall test.

2.2. Results

All participants judged the metaphor-related statements with an
accuracy above 90%. Leniency was given to spelling errors and
plurals in the cued-recall tests. One participant was excluded for
low recall accuracy (0.5) on the second test. Recall time was log-
transformed due to positive skewness. Average recall accuracies
and correct RTs under metaphor condition and non-metaphor
condition for the two cued-recall tests were presented in
Table A3. Data analyses were conducted with the lme4 package
(Bates et al., 2015) in R (Version 4.0.1; R Core Team, 2020). For two
recall tests collectively and separately, linear mixed-effects models
(LMM) were built for RTs, and generalized linear mixed-effects
models (GLMM) with a binomial link function were built for
accuracy. Condition (metaphor versus no-metaphor) was fitted to
each model as a treatment-contrast coded fixed effect variable,
while recall time (first versus second) and its interaction with
condition were also fitted to the grand models including two
recalls. Random effects were modelled as supported by the data
and determined using backward selection (Matuschek et al.,
2017). That is, we started with the maximal random structure
allowing convergence, and reduced the random structure until a
further reduction would imply a significant loss in the goodness-
of-fit (χ2 test criterion: α = .2). Two-tailed probability values and
degrees of freedom associated with each statistic were determined
using the Satterthwaite approximation implemented in lmerTest
(Kuznetsova et al., 2017).

Neither the model for initial recall accuracy nor initial recall RT
revealed any significant effect of condition (p = .26 for the former,
p = .66 for the latter). Condition still did not manifest any signifi-
cant effect in the models for either final recall accuracy (p = .92) or
final recall RT (p = .13). However, in the grand model for recall RT,
the interaction between recall time and condition approached
significance (p = .06, please see Figure 1), and the main effect of
recall timewas also significant (p< .001). This suggested that targets
whose cue words had been read in their L2 metaphorical meanings
in sentences did not enjoy as much shortening of recall time on the
second test as others. The grand model for recall accuracy did not
reveal any significant effects.

2.3. Discussion

Compared with cue words not read in the metaphor comprehen-
sion task, those used in their L2 metaphorical meanings in sen-
tences led to slower recall of target words semantically associated
with their L1 metaphorical meanings. This confirmed our expect-
ation, suggested that comprehension of culturally incongruent L2
metaphors did involve the inhibition of conflicting L1metaphorical
meanings, and extended previous findings about inhibition of
irrelevant literal information in L1 metaphor processing (George
& Wiley, 2016, 2019; Gernsbacher et al., 2001; Glucksberg et al.,
2001; Rubio Fernández, 2007).
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Both the literal-saliencemodel and the graded salience view could
be extended to account for the results. For an extension of the literal-
saliencemodel, it would be that after the initial prioritization of literal
meaning, the effortful figurative computation, unfortunately, goes
further astray towards the L1metaphoricalmeaningwhichdoesn’t fit
with the context, and requires inhibition during the final computa-
tion of the L2 metaphorical meaning. For an extension of the graded
salience view, it seems that the L1 metaphorical meaning of the
culturally incongruent L2 metaphor enjoys higher salience than the
L2 metaphorical meaning, interferes with constructing the appro-
priate contextual interpretation, and thus gets inhibited. However, as
we did not explicitlymanipulate context to seewhether a strong prior
context would allow the L2 metaphorical meaning to be precisely
tapped without activation and inhibition of the L1 metaphorical
meaning, we could not refute the direct access view here. This
remained to be tackled in experiment 2. Besides, inhibition’s involve-
ment was indirectly inferred from the slower cued recall of target
words after reading L2 metaphors. In the following experiments, we
directly tested the relationship between individual inhibitory control
and performance in L2 metaphor comprehension.

3. Experiment 2

In experiment 2, we tried to evaluate and extend existing accounts
by their implicitly postulated roles of inhibition during well-
contextualized L2 metaphor processing. Specifically, we tested
whether the presence of context would affect the involvement of
inhibitory control during the processing of both culturally congru-
ent and culturally incongruent L2 metaphors.

We asked participants to read and interpret target sentences
including literal sentences, culturally congruent metaphorical
sentences, and culturally incongruent metaphorical sentences.
Participants were then presented with explanatory sentences to
contextualize former target sentences and asked to interpret them
again. Comprehension time and interpretation quality of target

sentences before and after explanatory contexts were examined.
Individual differences in inhibitory control were measured by the
Stroop task. It would be used as a predictive variable when mod-
elling (re)comprehension time and (re)interpretation quality of
target sentences to reflect inhibition involvement.

The direct access view predicted that after the explanatory
contexts were provided, processing of neither kind of metaphor
would require more inhibitory control than literals because suitable
L2 metaphorical meanings would already be precisely activated.
Statistically, this implied that when modelling the recomprehen-
sion time and reinterpretation quality, the two treatment-contrast
coded variables contrasting two kinds of metaphor processing with
literal processing (see the result section) would not interact with the
inhibitory control variable. In contrast, the extended literal-salience
model predicted that metaphor comprehension especially cultur-
ally incongruent one would always require more inhibition than
literal processing, even after explanatory contexts. Statistically,
this implied that when modelling both the first and the second
comprehension time and interpretation quality, the two treatment-
contrast coded variables contrasting two kinds of metaphor pro-
cessing with literal processing (see the result section) would interact
with the inhibitory control variable. For culturally congruent meta-
phors, the extended graded salience view predicted that whether
their processing would need more inhibition than literal expres-
sions would depend on whether their literal meanings were salient,
irrespective of context. This remained to be seen. For culturally
incongruent metaphors, based on findings from experiment 1, this
view predicted that both before and after contexts were provided,
more inhibition would be needed than literal processing, at least to
suppress L1 metaphorical meanings. Statistically, this implied that
when modelling both the first and the second comprehension time
and interpretation quality, the treatment-contrast coded variable
contrasting culturally incongruentmetaphor processing with literal
processing would interact with the inhibitory control variable.

3.1. Method

Participants
Participants were 34 Chinese students (26 female) recruited from
Beijing Normal University between the ages of 18–23 (M = 19.78,
SD = 1.05). None of them participated in Experiment 1. All the
recruitment standards and participation requirements were the
same as in Experiment 1. They signed the written informed consent
and got monetary compensation for participation. This study was
approved by the ethics committee of Beijing Normal University.
The mean OPT score of these participants was 41.45 ± 2.14, which
placed them at the upper intermediate level. Table A4 shows
participants’ information on age, age of English acquisition, English
proficiency ratings, and OQPT scores.

Materials
There were 3 conditions for target sentences, i.e., literal sentences,
culturally congruent metaphors, and culturally incongruent meta-
phors. Examples are given in Table 1. Each condition initially
contained 30 potential items. They were mostly in the syntactic
form of “A be B” where B referred to a noun, with a few exceptions
of prepositional phrases or adjectives. The definitions of culturally
congruent and culturally incongruent metaphors were the same as
in experiment 1. Culturally incongruent metaphors were mostly
taken from experiment 1. Culturally congruent metaphors and
literal sentences were taken from previous research (Chiappe &
Chiappe, 2007; Glucksberg et al., 1997). Metaphor vehicles were
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Figure 1. Interaction between recall time and condition in Experiment 1.
Notes: This graph shows the estimated effects of recall timepoint on the RTs in two
conditions based on the grand linear mixed – effects model. Error bars represent the
standard error of the mean.
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4-11 letters in length and were high-frequency words (van Heuven
et al., 2014). To make sure our manipulation of metaphoricity was
effective, 30 judges with similar backgrounds as formal participants
were presented with 90 target sentences and asked to decide
whether each one was literally plausible, metaphorically plausible,
or not plausible. Only expressions rated by at least 80% of the judges
as either metaphorically or literally plausible would be selected as
formal materials (Gold et al., 2010; Goldstein et al., 2012). Another
group of 30 students with similar backgrounds as formal partici-
pants were asked to rate each target sentence’s familiarity (1 = very
unfamiliar, 5 = very familiar) and difficulty (1 = very difficult, 5 =
very easy). We finally chose 20 formal target sentences out of 30 for
each condition. They were 3–6 words in length without significant
difference across conditions. Despite our effort to control, there
remained significant differences in familiarity (F(2, 57) = 28.41,
p< .001) and difficulty (F(2, 57) = 16.64,P < .001) across conditions.
Thus, familiarity and difficulty would be added as covariates during
statistical analyses.

For each target sentence, we compiled an explanatory sentence
to be used as a context. Examples are given in Table 1. Tomake sure
these explanatory sentences would provide effective contexts,
20 students with similar backgrounds as formal participants were
asked to rate whether each explanatory sentence could help with
understanding the target sentence, on a scale of 5 (1 = is not helpful
at all, 5 = is very helpful). Averaged ratings for every sentence
achieved above 4. Explanatory sentences were 10–19 words in
length, without significant differences across conditions. All stimuli
are presented in Table A5.

Procedure
Sentence Interpretation task. Stimulus presentation was based on
E-Prime 2.0 (Psychology Software Tools, Schneider et al., 2012)
with the same experimental setup as experiment 1. Sixty target
sentences were pseudo-randomized for each participant and sep-
arated into 4 blocks balanced across conditions. All the sentences
appeared at the centre of the screen in 20-point Times New Roman
font. Each trial beganwith a fixation cross in the centre of the screen
for 500 ms. Then a target sentence appeared, which participants
were required to press the spacebar as soon as they comprehended.
Reaction time was calculated from target onset and named as the
Time for First Comprehension of The Target Sentence. Then an
input box appeared, into which participants were instructed to type
down their best interpretation in Chinese as soon as possible and
then press the enter key. After a blank screen for 1000 ms, an
explanatory sentence appeared, based on which participants were

asked to re-comprehend the previous target sentence and then
press the spacebar as soon as possible. Reaction time was calculated
from explanatory sentence onset and named as the Total Time for
Second Comprehension. Then an input box appeared again, and
participants were to type down their reinterpretation of the target
sentence in Chinese as soon as possible, and then press the enter key
to trigger the next trial. There were 10 practice trials before the
formal experiment.

The Total Time for Second Comprehension included both the
time for comprehending the explanatory sentence and the time for
re-comprehending the target sentence. To dissociate them, we
conducted an adapted version of the above sentence interpretation
task in an additional group of 30 participants with similar back-
grounds as those in the formal experiment. The main difference
with the previous version was that these participants were not asked
to re-comprehend and reinterpret target sentences. Each trial began
with a fixation cross in the centre of the screen for 500 ms. Then a
target sentence appeared, which participants were required to press
the spacebar as soon as they comprehended. After a blank screen for
1000 ms, an explanatory sentence appeared, in which participants
were simply required to press the spacebar as soon as they com-
prehended. Reaction time was calculated from the explanatory
sentence onset and named as the time for comprehending the
explanatory sentence. For 25% of all trials, a statement related to
the explanatory sentence followed, which participants were to judge
as true or false. This was to make sure of participants’ involvement.
There were also 10 practice trials before this task. For each explana-
tory sentence, comprehension time averaged across these partici-
pants would be used as a covariate when modelling the Total Time
for Second Comprehension.

Assessment of individual inhibitory control. Individual differ-
ences in inhibitory control were measured with a Stroop task
(Heidlmayr et al., 2014; Lü et al., 2019; Qiu et al., 2006). There
were three conditions: neutral, congruent, and incongruent. The
congruent stimuli consisted of three Chinese characters for col-
ours 红, 黄, 蓝 (meaning “red, yellow, blue”) presented in the
same colors as the meanings of the characters themselves (e.g.,红
“red” presented in red ink). The incongruent stimuli consisted of
the same three characters presented in the two colors not match-
ing their meanings (e.g.,蓝 “blue” presented in red or yellow ink).
In the neutral condition, non-colour characters 笔, 球, 表
(meaning “pen, ball, watch”) were presented in each one of the
three colors. There was a total of 120 trials, including 90 congruent
trials, 15 incongruent trials, and 15 neutral trials (Chiappe &
Chiappe, 2007). Individual inhibitory control was measured by
subtracting the neutral condition from the incongruent condition
(i.e., the Inhibition effect, Coderre et al., 2011; Heidlmayr et al.,
2014; Lu et al., 2017). The smaller the inhibition effect, the greater
the inhibitory control ability of the participant. The order of
presentation was pseudo-randomized to avoid characters of the
same experimental condition appearing four times in succession
and to avoid the same character or the same colour appearing
consecutively. The pseudo-randomized order of trials was created
using the program Conan (Nowagk, 1998).

Stimulus presentation was based on E-Prime 2.0 (Psychology
Software Tools, Schneider et al., 2012) with the same experimental
setup as experiment 1. Participants were asked to judge the colour
of the stimulus character as quickly and accurately as possible by
pressing the number key 1 for red, 2 for yellow, and 3 for blue, with
the index, middle, and ring fingers of their dominant hand. They
were instructed to rest their fingers on the keyboard during the task.
For each trial, a fixation cross was first presented in the centre of the

Table 1. Examples of target sentences and explanatory sentences in
Experiment 2

Conditions
Target
sentences Explanatory sentences

Culturally
congruent
metaphor

Love is a
journey.

We will encounter different landscapes
in love, sometimes smooth, and
sometimes not.

Culturally
incongruent
metaphor

My boss is a
dragon.

He often gets angry at the slightest
thing and punishes us severely.

Literal sentence His teacher
is an
expert.

His teacher has made outstanding
contributions in his specialization
and has strong communication
skills.
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screen for 500–1000 ms. Then a stimulus character, in SimSun font
and 36 font size, was presented against a black background in the
centre of the screen. It stayed until one of the three colour response
keys was pressed or for 1500 ms maximally if no key was pressed.
Finally, a blank screen was presented for 500 ms. Response time
(RT) was defined as the interval between the stimulus onset and
pressing a response key. To allow the participants to learn the
colour-key correspondences, a practice session was presented
before the formal task. It consisted of 24 trials, 3 in neutral condi-
tions, 3 in incongruent conditions, and 18 in congruent conditions.

3.2. Results

We examined the time for first comprehension and re-
comprehension of target sentences, and the qualities of their first
interpretation and reinterpretation, to explore the role of inhibitory
control during the processing of both culturally congruent and
culturally incongruent L2 metaphors, before and after context. For
the time for First Comprehension of Target Sentences and the Total
Time for Second Comprehension, trials with RT less than 200 ms or
more than 3 standard deviations from individual means were
excluded (both <1%), then both RTs were log-transformed due to
positive skewness. The qualities of first interpretation and reinter-
pretation of target sentences were judged by 3 doctors of English on a
3-point scale. For example, for the metaphor “Some divorces are
earthquakes.”, a detailed and precise interpretation like “Divorces
can destroy parts of life and bring about plenty of changes”
(in Chinese) would be given 2 points, a related but vague interpret-
ation like “Divorces have negative consequences” would be given 1
point, while a tangent one like “Some marriage are failures”, wrong
one or empty response would get no point. Scorers did not know
these interpretations included first interpretations and reinterpreta-
tions from the same participants, i.e., they judged each interpretation
independently. Interrater reliability as reflected by Cronbach’s alpha
coefficientwas .92, higher than the required .7 (Stemler, 2004). Scores
for first and second interpretations for each item were averaged over
3 raters. Basic statistics for comprehension RTs and interpretation
scores are displayed in Table A6. A paired t-test revealed that scores
for reinterpretation were significantly higher than that for first
interpretation (p < .001), attesting to the effectiveness of the explana-
tory context.

Data analyses were conducted with the lme4 package (Bates
et al., 2015) in R (Version 4.0.1; R Core Team, 2020). Linear
mixed-effects models (LMM) were built for the Time for First
Comprehension of Target Sentences, the Total Time for Second
Comprehension, and scores of first interpretation and reinterpret-
ation of target sentences, separately.Weused two kinds of treatment-
contrast coding schemes. The first used two contrast variables,
Congruent Metaphor, and Incongruent Metaphor, to contrast the
processing of culturally congruent and culturally incongruent L2
metaphors with literal sentences (baseline), respectively. The second
scheme set culturally congruent L2 metaphors as the baseline and
used Literal and Metaphor to contrast literal and culturally incon-
gruent L2metaphors with the congruent ones, respectively. We only
report the model results of the second coding scheme if there were
significant effects concerning Metaphors, i.e., the difference between
congruent versus incongruent metaphors, because all the other
model information was the same across the two schemes. For each
model, core fixed effect variables included two contrast variables,
InhibitoryControl, and their interactions. Covariates included famil-
iarity and difficulty of target sentences. Random effects were mod-
elled as supported by the data and determined using backward

selection (Matuschek et al., 2017). Two-tailed probability values
and degrees of freedom associated with each statistic were deter-
mined using the Satterthwaite approximation implemented in
lmerTest (Kuznetsova et al., 2017).

In the model for the time for first comprehension of target
sentences based on the first coding scheme (Table A7), the main
effects of Inhibitory Control (p = .007) and Congruent Metaphor
(p = .012) and their interaction (p = .041) were significant,
suggesting that lower inhibitory control (larger Stroop effect) took
a heavier toll on culturally congruent metaphors than literal
sentences concerning first comprehension time. When using the
second coding scheme, we observed a significant interaction
between Inhibitory Control and Metaphor (p = .01), suggesting
that lower inhibitory control took a heavier toll on culturally
congruent metaphors than incongruent ones. Please see Figure 2
for a demonstration of these interactions.

Themodel for scores of first interpretation (Table A8) revealed a
marginally significant interaction between Incongruent Metaphor
and Inhibitory Control (p = .06), suggesting that worse inhibitory
control had a more negative influence on culturally incongruent
metaphors than literal sentences regarding first interpretation
quality. None of the other concerned variables reached significance.

The Total time for Second Comprehension included both the
time for comprehending the explanatory sentence and the time for
re-comprehending the target sentence. As we were concerned with
the time for re-comprehending the target sentence and how the
core variables affected it, we added the time for explanatory sen-
tence comprehension as a covariate whenmodelling the Total Time
for Second Comprehension. To avoid model convergence failure
due to huge scale differences among three covariates, we standard-
ized them and named them Z_explanatory, Z_familiarity, and
Z_difficulty. Model results (Table A9) based on the first coding
scheme revealed (marginally) significant interactions between
CongruentMetaphor and Inhibitory Control (p= .04), and between
IncongruentMetaphor and Inhibitory Control (p= .07), in addition
to two significant main effects of Congruent Metaphor (p < 0.001)
and Incongruent Metaphor (p < 0.001). These suggested that worse
inhibitory control took a heavier toll on both culturally congruent
and culturally incongruent metaphors than literal sentences, lead-
ing to longer recomprehension time. Please see Figure 2 for a
demonstration of these interactions. There were no significant
differences found between the two metaphor conditions based on
the second coding scheme.

Themodel for scores of reinterpretations (Table A10) revealed a
significant main effect for Incongruent Metaphor (p = .04), sug-
gesting that reinterpretation qualities of culturally incongruent
metaphors were better than literal sentences. None of the other
concerned variables reached significance.

3.3. Discussion

In experiment 2, we found that compared with literal sentences,
better inhibitory control saved more comprehension time for cul-
turally congruent metaphors and improved interpretation quality
more for culturally incongruent metaphors, before contexts were
provided. Crucially, after explanatory sentences were provided to
contextualize understanding, inhibitory control still had a larger
impact on recomprehension time for both kinds of metaphors than
literal sentences. These results did not support the direct access
view, because after the explanatory contexts were provided which
supposedly had activated suitable L2 metaphorical meanings, com-
prehension of both kinds ofmetaphor still requiredmore inhibition
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than literals. However, it was predicted by the extended literal-
salience model. According to this model, literal meanings are
always prioritized during the processing of culturally congruent
metaphors, which demand inhibition. For culturally incongruent
metaphors, further activation of conflicting L1 metaphorical
meanings requires more inhibition. The extended graded salience
view can also accommodate the results by specifying saliency
for literal meanings of these metaphors, which is just the literal
saliency model.

By measuring individual differences in inhibitory control with
the Stroop inhibition effect, this experiment more directly pointed
at the role of inhibition during L2metaphor processing. Though the
extended literal-salience model could explain the involvement of
inhibition, it did not explicitly account for its individual differences.
In contrast, PP has a natural explanation for individual differences.
From this perspective, across the L2 situations for our participants
with upper intermediate level English, literal language use has
gained higher expectations than figurative one. Consequently, the
use of a figurative expression results in larger prediction errors than
a literal sentence, which then requires a corrective process to form a
more suitable interpretation. Individual inhibitory control reflects
the efficiency in resolving prediction errors, which explains its
effects on comprehension time and interpretation quality.

In addition, we observed that the role of inhibitory control
before and after context was related to the cultural congruency of
metaphors. For culturally congruent metaphors, both before and
after context, low inhibitory control induced more costs on com-
prehension time than literals, but it did not influence interpretation
quality. However, for culturally incongruentmetaphors, low inhibi-
tory control took its toll on interpretation quality before context but
only affected recomprehension time after context. Counterintui-
tively, the first comprehension time of culturally incongruent
metaphors did not suffer from low inhibitory control as much as
culturally congruent ones. A qualitative review of participants’

interpretation of culturally incongruent metaphors showed that
during the first interpretation, they tended to take the road more
travelled by of literal meanings with less inhibitory control under
time pressure, saving first comprehension time at the expense of
first interpretation quality, especially for individuals with lower
inhibitory control. The explanatory contexts helped participants
access L2 cultural knowledge, and they revised their answers to
cross the cultural bridge during reinterpretation. Eventually, inhibi-
tory control also only affected the recomprehension time of cul-
turally incongruent metaphors as for culturally congruent ones.

Although there was no significant difference in inhibitory con-
trol’s effect on recomprehension time between 2 metaphor condi-
tions based on the second coding scheme, we believed a more
nuanced analysis of online processing during the natural reading
would reveal more inhibition involvement for culturally incongru-
ent metaphors than congruent ones during the later stage of pro-
cessing. This was our aim for experiment 3.

4. Experiment 3

In experiment 3, we used eye-tracking to determine the potentially
different time course of inhibition involvement during reading
culturally congruent and culturally incongruent L2 metaphorical
sentences, compared with literal ones.Metaphorical sentences were
constituted by L2 metaphors in the form of “A is B” followed by
explanatory clauses. Based on the results of experiments 1 and 2, the
extended literal-salience model predicted that inhibition would
manifest its importance from the early stage of metaphorical
understanding to suppress the activated literal meanings, irrespect-
ive of cultural congruency. But inhibition would play a stronger role
in the late stage of processing for culturally incongruent metaphor-
ical sentences than congruent ones, especially for their explanatory
clauses, where conflicts between L1 and L2 metaphorical meanings
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Figure 2. Interactions between Stroop effect and conditions in Experiment 2.
Notes: Stroop effect values were mean-centred, with a higher value indicating worse inhibitory control. This graph shows the estimated effects of the Stroop effect on the first and
second comprehension time under three conditions based on their linear mixed-effects models. Shaded areas represent the standard error of the mean.
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would need to be resolved. PP offered the same predictions albeit
with a different logic. It predicted that both culturally congruent
metaphors and incongruent ones would trigger larger prediction
errors than literals early on, which could benefit from better inhibi-
tory control. Top-down predictions would lead to saccades towards
locations that promise to bring about a reduction of prediction
error as active inference. This meant the eye would linger longer on
the explanatory clauses for metaphorical sentences than literal
ones, especially for culturally incongruent ones, because the cul-
turally incongruent L2 metaphorical meaning would be less pre-
dicted than the L1 metaphorical meaning. Better inhibitory control
would allow quicker resolution of this prediction error.

4.1. Method

Participants
Participants were 36 Chinese students (24 female) recruited from
Beijing Normal University between the ages of 18–25 (M = 22.19,
SD = 1.96). None of them participated in experiments 1 or 2. All the
recruitment standards and participation requirements were the
same as in Experiment 1. They signed the written informed consent
and got monetary compensation for participation. This study was
approved by the ethics committee of Beijing Normal University.
One participant’s Stoop task was omitted, leaving 35 participants
for final analysis. The mean OPT score of these participants was
40.28 ± 2.37, which placed them at the upper intermediate level.
Table A11 shows participants’ information on age, age of English
acquisition, English proficiency ratings, and OQPT scores.

Materials
Forty-five target sentences were adapted from the material of
experiment 2, 15 sentences for each of the three conditions. The
principle was to avoid those with low first interpretation scores to
make sure participants knew the meanings. They were constituted
by main clauses in the form of “A is B” where B referred to a noun,
followed by explanatory clauses. Examples are given in Table 2,
where two regions of interest (ROIs) are underlined, i.e., the vehicle
of the metaphor and the corresponding part in the literal sentence,
and the explanation region (Ashby et al., 2018; Olkoniemi et al.,
2022).

Main clauses were 3-6 words in length, and explanatory clauses
were 4-11 words in length, with no significant difference across
conditions. Word frequency and word length of the objects of main

clauses also did not differ across conditions (F(2, 42) = .64, p= .53; F
(2, 42) = .60, p = .55). Another group of 30 students with similar
backgrounds as formal participants rated each target sentence’s
familiarity (1 = very unfamiliar, 5 = very familiar) and difficulty
(1 = very difficult, 5 = very easy). As in experiment 2, they would be
added as covariates during statistical analyses. In addition, we
created 45 filler sentences with varying syntactic forms to prevent
participants from building up the expectancy of syntax during
reading. To make sure of participant involvement, each sentence
was followed by a related question requiring a true or false judge-
ment (see Table 2). All stimuli were presented in Table A12.

Procedure
Right eye movements were recorded monocularly using EyeLink
1000 (SR Research Ltd., Ontario, Canada) at a 1000 Hz sampling
frequency. Stimuli were presented on a 19-inch CRT monitor
with a refresh rate of 150Hz and a resolution of 1024 × 768 pixels.
Participants were seated 60 cm from the screen, and a chin-and-
forehead rest was used to stabilize the head. Participants were
first calibrated using a 3-point calibration before the experiment
started and calibration accuracy was rechecked by drift correc-
tion before reading each sentence. Recalibration was performed
after the rests between blocks and whenever necessary during the
experiment.

Ninety sentences were pseudo-randomized for each participant
and separated into 3 blocks balanced for conditions. Each trial
started with a black fixation point appearing on the left of the
screen, where the first word of the sentence would appear. Partici-
pants were instructed to focus their eyes on the fixation point and
the experimenter would click the mouse to trigger the sentence
display after proper drift correction. The whole sentence appeared
at once as black words on a grey background in 14-point Courier
New font, and each letter subtended about 0.3° of visual angle.
Participants were instructed to read each sentence at their own pace
and press the spacebar on the keyboard to move on. Then a true/
false comprehension question should be answered by pressing
designated buttons on a keyboard, which would trigger the next
trial. There were 6 practice trials before the formal experiment.
After the reading task, an assessment of individual inhibitory
control was conducted in the same way as in experiment 2.

4.2. Results

All participants answered the comprehension questions with an
accuracy above 90%. Predetermined cutoffs were used to trim the
data (Rayner, 1998). Fixations shorter than 80 ms and longer
than 800 ms were eliminated (2% of fixations). Trials in which
there was a blink or track loss during reading were removed
before analysis. Finally, trials with any dependent measure
3 standard deviations beyond the individual means were also
eliminated (Cong & Chen, 2022). The two resulted in exclusions
of <7% of trials.

The critical values measured were gaze duration (also called
first-pass reading time, the sum of the duration of all fixationsmade
on the ROI before exiting), regression path duration (also go-past
time, the sum of all fixation durations, which starts with the first
fixation on the ROI up to the time the eyes fixate to the right of the
ROI), and total reading time (the sum of all fixation durationsmade
on the ROI including re-reading). We analysed these three values
for the vehicle region of the metaphors and the corresponding part
in the literal sentences and the explanation region in both meta-
phors and literal sentences. All RTs were log-transformed due to

Table 2. Examples of reading materials and questions in Experiment 3

Conditions Stimulus sentences Questions

Culturally
congruent
metaphor

Love is a journey because it is
sometimes smooth, but
sometimes not.

There are also
difficulties in
love.

Culturally
incongruent
metaphor

My boss is a dragon because he
often punishes us severely for
small things.

My boss often
punishes us.

Literal
sentence

His teacher is an expert because he
is very skilled in his field.

His teacher is not
professional.

Filler sentence Our school is three times larger
than my grandma’s garden.

Our school is
smaller than
my garden.

Notes: The underlined regions in each stimulus sentence are two regions of interest (ROIs), i.e.,
the vehicle of the metaphor and the corresponding part in the literal sentence, and the
explanation region. Underlines are used here for illustration and did not appear during the
experiment.
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positive skewness. For the vehicle region of metaphor, the gaze
duration informs about the early stage of metaphorical processing,
the regression path duration informs about howwell the vehicle can
be integrated with the topic before explanation, whereas total
reading time reflects the late stage of whole sentence integration.
For the explanation region, the gaze duration informs about
whether the previous metaphor affects the early stage of explan-
ation processing, whereas the regression path duration and total
reading time reflect how well the previous understanding of the
metaphor can be integrated with the explicit explanation into a
whole. The means and standard deviations of these eye movement
measures are presented in Table A13.

Data analyses were conducted with the lme4 package (Bates
et al., 2015) in R (Version 4.0.1; R Core Team, 2020). Separate
linear mixed-effects models (LMM) were built for each eye move-
ment measure for each region of interest. We used two kinds of
treatment-contrast coding schemes. The first used two contrast
variables, Congruent Metaphor, and Incongruent Metaphor, to
contrast the processing of culturally congruent and culturally
incongruent L2 metaphors with literal sentences (baseline),
respectively. The second scheme set culturally congruent L2
metaphors as the baseline and used Literal and Metaphor to
contrast literal and culturally incongruent L2 metaphors with
the congruent ones, respectively.We only report the model results
of the second coding scheme if there were significant effects
concerning Metaphors, i.e., the difference between congruent
versus incongruent metaphors, because all the other model infor-
mation was the same across the two schemes. For eachmodel, core
fixed effect variables included two contrast variables, Inhibitory
Control, and their interactions. Covariates included familiarity
and difficulty of sentences. Random effects were modelled as
supported by the data and determined using backward selection
(Matuschek et al., 2017). Two-tailed probability values and
degrees of freedom associated with each statistic were determined

using the Satterthwaite approximation implemented in lmerTest
(Kuznetsova et al., 2017).

The models for gaze duration on the vehicle region did not
show any significant effects under either coding scheme, suggest-
ing that the three conditions didn’t differ from each other at this
early stage and inhibition didn’t manifest a special role for
metaphors at this time. Results of the model for regression path
duration on the vehicle region based on the first coding scheme
are presented in Table A14, revealing a marginally significant
interaction between Incongruent Metaphor and Inhibitory Con-
trol (p = .07). A significant interaction between Metaphor and
Inhibitory Control (p = .03) was revealed by the second coding
scheme. These suggest that compared with both literal and cul-
turally congruent metaphors, inhibitory control had a larger
impact on culturally incongruent metaphors on the integration
of the vehicle part with the previous topic before the explanation.
Please see Figure 3 (left) for a demonstration of these interactions.
Results of the model for total reading time on the vehicle region
based on the first coding scheme are presented in Table A15,
which revealed a marginally significant interaction between
Incongruent Metaphor and Inhibitory Control (p = .06). The
interaction between Metaphor and Inhibitory Control in the
second coding scheme showed a trend towards significance
(p = .09). These suggest that compared with both literals and
culturally congruent metaphors, inhibitory control had a larger
impact for culturally incongruent metaphor on the late stage of
whole sentence integration. Please see Figure 3 (middle) for a
demonstration of these interactions.

The models for gaze duration and total reading time on the
explanation region did not show any significant effects of interest
under either coding scheme. The absence of significant effects in
the gaze duration model suggests that the previous metaphor did
not affect the early stage of explanation processing. For the late
stage of explanation processing however, the model for its
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Figure 3. Interactions between Stroop effect and conditions in Experiment 3.
Notes: Stroop effect values weremean-centred, with a higher value indicating worse inhibitory control. This graph shows the estimated effects of the Stroop effect on the regression
path duration and the total reading time for the vehicle region and regression path duration for the explanation region under three conditions based on their linear mixed-effects
models. Shaded areas represent the standard error of the mean.
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regression path duration based on the second coding scheme
(Table A16) revealed a significant interaction between Metaphor
and Inhibitory Control (p = .03). This suggests that compared
with culturally congruent metaphors, inhibitory control had a
larger impact for culturally incongruent metaphors on the late
stage of whole sentence processing when understanding of the
previousmain clause got integrated with the explicit explanation.
Please see Figure 3 (right) for a demonstration of this interaction.
None of the other concerned effects under either coding scheme
reached significance.

4.3. Discussion

Compared with both literal and culturally congruent metaphors,
inhibitory control had a larger impact on culturally incongruent
metaphorical sentences during the integration of the vehicle part
with the previous topic before explanation, and on the late stage
of explanation processing and whole sentence integration, when
understanding the previous main clause got integrated with the
explicit explanation into a whole. That is to say, inhibitory
control contributed significantly during the late stage of reading
culturally incongruent metaphors, especially for their explana-
tory clauses, which confirms our prediction. However, contrary
to our predictions, early stage of reading neither culturally con-
gruent nor culturally incongruent metaphors showed more
inhibition involvement than literal sentences, and culturally con-
gruent metaphors didn’t require more inhibition than literal
throughout reading. Granted that the activated literal meanings
did not get inhibited immediately during the early phase, the
absence of its inhibition even until the late stage for culturally
congruent metaphors seems to contradict the findings of experi-
ment 2. It seems to suggest the possibility of directly accessing
culturally congruent L2 metaphorical meanings, even before
explanatory contexts were given, and challenge the literal salience
model. We discuss this in the general discussion, combined with
the results of experiments 1 & 2 and previous findings.

5. General discussion

In the present study, we explore the role of individual differences in
inhibitory control during comprehension of both culturally incon-
gruent and culturally congruent L2 metaphors, based on which we
try to evaluate and extend existing accounts to develop a more
comprehensive theory for L2 metaphor comprehension. In experi-
ment 1 using a metaphor-induced lexical forgetting paradigm, we
observed reduced memory for the L1 metaphorical meaning asso-
ciates, which could be best explained as the activation and inhib-
ition of L1 metaphorical meanings during comprehension of
culturally incongruent L2 metaphors. This extended previous find-
ings about the inhibition of irrelevant literal information in L1
metaphor processing. In experiment 2, we found that after explana-
tory sentences were provided to contextualize understanding,
inhibitory control still had a larger effect for both culturally con-
gruent and culturally incongruent L2 metaphors interpretation
than literal sentences. This did not support the direct access view
but could be explained by the extended literal-salience model, the
extended graded salience view, and PP. Using eye-tracking, experi-
ment 3 nailed down the significant role of inhibitory control during
the late stage of reading culturally incongruent metaphorical sen-
tences. However, culturally congruent metaphors did not require
more inhibition than literals throughout their reading, which seems

to contradict the findings of experiment 2 and challenges the literal
salience model.

5.1. Task requirements and metaphor properties affect
inhibition involvement

Notably, experiment 3 asked participants to simply read sentences
and answer true/false questions, all in L2, while in experiment 2 they
had to explicitly produce detailed interpretations in L1 for target
sentences. Explicit interpretation may demand deeper processing
than reading. Besides, language switching could lead participants to
further process the metaphor in L1 superfluously, adding to inhib-
ition demand. Interestingly, in George and Wiley’s (2016)
metaphor-induced lexical forgetting study, subsequent forgetting
of the literal associates was observed for both familiar and novel
metaphors when participants were instructed to interpret the
metaphors (Experiment 2) but was observed for only novel meta-
phors when participants were asked to simply read the metaphors
(Experiment 3). The parallel pattern between their results and ours
suggests that inhibition involvement during metaphor processing
depends on both task requirements and metaphor properties. It is
not likely that our culturally congruent metaphors got direct access
to metaphorical meanings during reading in experiment 3, without
activation of literalmeanings as in experiment 2. It ismore plausible
that their activated literal meanings did not need to be inhibited
during reading comprehension as they did during interpretation.

People’s experience of metaphorical meaning can be crudely
distinguished along a temporal continuum of processing that
includes comprehension, recognition, interpretation, and appreci-
ation (Gibbs, 1994; Gibbs & Colston, 2012). People process a
metaphor only to the extent that it offers enough information to
draw a relevant contextual pragmatic message (Gibbs, 2023). In
fact, the graded salience view has stated that late processes such as
retention of relevant and irrelevant information and suppression of
contextually inappropriate outputs are more attentive to global
discourse considerations such as global coherence, than to local
ones (Giora, 2003; Giora et al., 2007). Thus, even if the literal
meaning of a culturally congruent L2 metaphor seemed irrelevant
in a local reading context, it might be retained because it was
perceived as instrumental in constructing the appropriate meta-
phoricmeaning, as conducive to reading the next expression in line,
or simply because it didn’t interfere reading. The continual activa-
tion of literal conceptual properties along with metaphorical inter-
pretation gives rise to a certain level of metaphor awareness
(Recanati, 2001). But for the interpretation task, the literal meaning
ultimately has to be inhibited to allow precise production of the
metaphorical meaning. Viewed in this light, it alsomakes sense that
for culturally incongruent L2 metaphors, activation of conflicting
L1 metaphorical meanings in addition to literal meanings inflicted
stronger interference and necessitated inhibition involvement even
for a reading task.

In addition, PP can still account for these results. Though the
bottom-up stimuli were the same, the interpretation task would
have required more specific top-down predictions down to the
motor production part of the hierarchy, which could have led to
larger prediction errors. To produce the metaphorical explanation
precisely, the prediction error would have to be resolved in time.
Thus, reading culturally congruent metaphors may indeed have
triggered larger prediction errors than literals, but this prediction
error may not be as large enough and in urgent need of resolving to
manifest the effect of inhibitory control, as for culturally incongru-
ent metaphors or as in the interpretation task.
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5.2. Towards a dynamic view of metaphor comprehension

Gibbs and Colston (2012, 2020) reviewed the vast literature on
metaphor understanding and showed that the data one obtains in
psycholinguistic and cognitive neuroscience experiments can be
influenced by four broad, interacting factors: (1) the participants,
(2) the specific language and utterance encountered in context,
(3) the specific understanding task, and (4) the method by which
the data are analysed to assess language comprehension. Both
linguists and psychologists should not assume that a single theor-
etical model will account for the complex empirical findings, but an
alternative meta-theoretical perspective, best illustrated by the
dynamical systems theory, can help us make sense of the stabilities
and variations in real-life metaphor use (Gibbs, 2013). Thus,
although we argued that the graded salience view could be extended
to account for the results of our study, while the direct access view
was not supported, we admit that generalization should be cautious.
In fact, we observed seemingly contradictory results between
experiment 3 and experiment 2, where a change of task also affected
inhibition involvement during the processing of the same culturally
congruent metaphors. It is conceivable that for highly proficient L2
speakers, within a long paragraph context, the reading of culturally
incongruent L2 metaphors may even manifest no behavioural
difference from literals. It is also likely that ERPs may reveal subtle
differences between culturally congruent metaphors and literals
during reading that were not revealed by eye-movement measures
in our study. Neither case will be readily accountable by the graded
salience view.

Our application of the PP framework is an exploration along the
lines of a more dynamic view on metaphor comprehension against
traditional modular views like the graded salience view. From the
perspective of PP, the figurativeness of metaphors triggers larger
prediction errors than literal expressions, which could be exacer-
bated by the conflict between cultural-linguistic knowledge of
different languages. Different processing tasks of the same stimuli
will induce different amounts of prediction error and different
necessities to resolve them in time. Individual differences in inhibi-
tory control can be regarded as the efficiency in resolving prediction
errors throughmore context-adaptive behaviour. Thus, individuals
with higher inhibitory control can minimize prediction errors
induced by metaphor more effectively. High language proficiency
should lead to smaller prediction errors when encountering meta-
phors, as a proficient reader has probably encountered them more
often and therefore assigns its figurativemeaning higher probability
in the first place. Compared with the graded salience view, PP, with
its emphasis on the situated cognizing agent, ismore able to account
for how variations in metaphor stimuli, task requirements, and
individual differences of participants jointly bring about specific
observations in an experiment. However, the comprehensiveness
and flexibility of this relatively new framework come with the cost
of less specified predictions, which should be addressed by further
research and its theoretical development.

5.3. L2 metaphor comprehension as embodied enculturation

Our study demonstrates that L2 metaphor constitutes a peculiar
challenge for L2 speakers, not only because it may require more
executive control to process than literals, but also because L2 users
may lack the specific cultural-linguistic experiences to realize the
conflict between L1 and L2 metaphorical meanings. A strong
embodied view of metaphor claims that sensorimotor activation
is necessary during initial metaphor acquisition, but L2 speakers

lack those culturally specific sensorimotor experiences, or even the
same sensorimotor experiences may have different connotations
across cultures (Kövecses, 2005a, 2005b; Lakoff & Johnson, 1999,
2003; Yu, 2008). Our study explored the cultural-linguistic dimen-
sion of L2 metaphor understanding by providing culturally incon-
gruent knowledge in the form of an explanatory clause and found
that it did demand more involvement of inhibitory control com-
pared to a culturally congruent situation. This effortful bottom-up
construction of the culturally incongruent L2 metaphorical mean-
ing could be regarded as a first step in an embodied enculturation
process described in the PP framework (Fabry, 2018). As the L2
metaphorical meaning becomes familiarized and lexicalized
through repeated use and memory consolidation (Chen & Chen,
2023), the original vehicle will gradually become a polysemy
(Bowdle & Gentner, 1999). Diachronically, the process of meaning
construction involved in novel L2 metaphor comprehension may
evolve through automatization into a process of meaning selection
and ambiguity resolution, while inhibition of contextually inappro-
priate information changes from a later attentional process to an
early automatic one (Rubio Fernández, 2007). This happens both
for individuals (Cardillo et al., 2012; Goldstein et al., 2012) and for a
population of speakers of a language (Zharikov & Gentner, 2019),
constituting language evolution on a microscopic level.

5.4. Future research

There are several limitations of our study. First, we mainly inves-
tigated nominal metaphors based on nouns. Whether our conclu-
sion can be generalized to other syntactic forms of metaphor,
including predicate metaphors (e.g., The flower purred in the
sunshine, based on a verb), attributive metaphors (e.g., the weary
mountain, based on an adjective), and conventionalized locative
expressions (e.g., He’s feeling up today, based on a preposition),
awaits further research. Second, our participants had an upper
intermediate level of L2 proficiency. Previous studies have proved
that L2 proficiency has a significant impact on metaphor process-
ing (Heredia & Cieślicka, 2016; Segal & Gollan, 2018; Vaid et al.,
2015). Intuitively, as proficiency grows, L2 metaphor processing
will require less inhibitory control, which remains a hypothesis to
be tested. Thirdly, behavioural measures including eye move-
ments may not be sensitive enough to subtle differences between
metaphors and literals during early processing to reveal the role of
inhibition, which could be amended by the ERP technique in
future studies. Fourthly, the semantic relatedness between L2
metaphorical meanings and L1 metaphorical meanings for cul-
turally incongruent metaphors, and the semantic relatedness
between metaphorical meanings and literal meanings for both
culturally incongruent and culturally congruent metaphors will
most likely moderate inhibition involvement during processing,
which is worth further exploration. Last but not least, considering
the sample sizes of our experiments are rather small, these results
await replications with larger samples in terms of both partici-
pants and items.

6. Conclusion

Through three experiments, we found that inhibitory control had a
larger effect during the interpretation of both culturally congruent
and culturally incongruent L2 metaphors than literal sentences,
even after explanatory contexts were provided, opposing the direct
access view. However, it did not manifest this significant effect
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during the reading of culturally congruent metaphors as culturally
incongruent ones. Although literal meanings (and culturally incon-
gruent L1 metaphorical meanings) of L2 metaphors may always be
activated, inhibition of them depends on both task requirements
and metaphor properties. The conflict between L1 metaphorical
meanings with incongruent L2 metaphorical meanings, or a more
demanding interpretation task that requires precise production of
L2 metaphorical meanings, may be factors necessitating inhibition
involvement. Together these results can be accounted for by the
extended graded salience view, while we propose that a more
dynamical situated view, i.e., the predictive processing framework,
can better explain how variations inmetaphor stimuli, task require-
ments, and individual differences of participants jointly bring about
the specific observations in metaphor comprehension studies.
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