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Many studies emphasize the need of verbally representing pictorial metaphors, but 
few have empirically investigated whether and how the particular verbalization form 
match different types of pictorial metaphors. Using evoked response potentials (ERP), 
a 3 (pictorial structure: fusion, juxtaposition, literal image) × 2 [verbalization form: A是(is) 
B, A像(is like) B] within-group experiment was conducted among 36 participants. ERPs 
were time-locked to the onset of the verb [是/像(is/is like)] of the metaphor sentence 
that follows a pictorial metaphor to detect the verbo-pictorial incongruity in metaphor 
comprehension. The incongruity-based ERP analysis showed that pictorial metaphors, 
when verbalized in two forms, all induced frontal N1 effect, regardless of pictorial 
structures, only with a larger N1 amplitude for literal images in “A是(is) B.” A central 
stronger P2 was observed in “A像(is like) B” for three structures. Despite a general 
elicitation of posterior P3 in all conditions, a larger P3 was found for juxtapositions 
verbalized in “A像(is like) B” and for literal images verbalized in “A是(is) B.” There was 
no significant difference between two verbalization forms for fusion-structured 
pictorial metaphors. These findings suggest: (1) verbo-pictorial metaphors could 
induce incongruity-based attention; (2) higher verbo-pictorial semantic congruity 
and relatedness, indexed by stronger P2 and P3, confirmed “A像(is like) B” to be the 
more effective verbalization form in representing pictorial metaphors, specifically 
for juxtaposition-structured pictorial metaphors; (3) for non-metaphor advertising 
pictures, verbal metaphor showed an interference effect. The study not only reveals 
the neuro-cognitive mechanism of processing verbo-pictorial metaphors, but also 
offers neural reference for the design of effective multi-modal metaphor by finding an 
optimal match between PMs and verbalization forms.
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1. Introduction

Visual metaphors are visual manifestations of cognitive metaphors where concepts are 
represented in images (Lakoff and Johnson, 2008). As an indirect persuasion popular in 
advertising, pictorial metaphors (hereafter as PM) imply advertising appeals in an implicit 
manner, as a PM usually combines two dissimilar objects for viewers to discover the subtle 
connections. In the PM comprehension, the contextual verbal clues play an important role 
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(Phillips and McQuarrie, 2004; Forceville and Urios-Aparisi, 2009; 
Bergkvist et al., 2012).

On the cognitive processing of verbo-pictorial metaphors, visual 
structures of PM, concerned with the visual position and relationship 
of one thing to another, have an important influence. Considering 
differed processing complexity, a few typologies to the classification of 
visual metaphors were proposed (Forceville, 1996; Phillips and 
McQuarrie, 2004; Gkiouzepas and Hogg, 2011; Peterson, 2019). 
Typically, Phillips and McQuarrie (2004) classification includes fusion, 
juxtaposition and replacement. This typology, consistent with 
Forceville’ classification (hybrid metaphor, pictorial simile and context 
metaphor), has been widely used in empirical metaphor studies 
(Indurkhya and Ojha, 2013; van Mulken et al., 2014; Ojha et al., 2017; 
Ryoo et al., 2021). For the three structures, a gradient of complexity 
was previously presupposed and confirmed, with the lowest for 
juxtaposition and the highest for replacement. Fusions are graded as 
of moderate complexity. In a juxtaposition-structure PM, the source 
and target are visually equated, being presented side by side in a 
juxtaposition. As for fusion-structure, the source and target are 
combined to merge into one, so that viewers need to make some 
efforts to break down the two elements for comprehending the 
meaning intended by the PM. The most complex one is replacement-
structure that has one domain absent. Viewers need to identify the 
missing element based on the information indicated by the present 
domain, verbal messages and context of the advertisement, which 
consumes excessive processing effort and usually exceeds cognitive 
resources that viewers have available (McQuarrie and Mick, 1999; 
Brennan and Bahn, 2006).

In addition to the visual structure of PMs, the effect study of 
verbalized manifestation on PM comprehension is also determined by 
the necessity of translating PMs into language. As put by Ojha et al. 
(2017), comprehension of visual metaphors required the involvement 
of language resources and in many cases, verbalization is necessary. In 
practice, PMs are also often presented with verbal messages in the 
headline to illustrate PMs (Mothersbaugh et al., 2002). Researchers 
and advertising designers all believe that metaphors, whether verbal 
or visual, are primarily multi-modal, which requires the allocation and 
integration of information from different modalities to resolve the 
inter-domain incongruity created by a metaphor to make sense of its 
implied meaning. In a multi-modal metaphor, pictorial and verbal 
elements interact in a dynamic way (Leigh, 1994; McQuarrie and 
Phillips, 2005; van Mulken et  al., 2014). Different from verbal 
metaphors, in PM there are not such linearity or grammatical rules as 
the explicit copula “is” or “like,” which renders difficulty for viewers 
in distinguishing target domains from source domains due to the 
uncertainty of conceptual mapping (Forceville, 2008). Some studies 
explored the positive effect of verbal elements on the PM 
comprehension (Phillips, 2000; Ang and Lim, 2006; Bergkvist et al., 
2012; Lagerwerf et al., 2012). When verbal elements were added to 
PMs, it would be easier for PMs to be understood because the verbal 
cues were provided to reduce the required processing complexity for 
ad comprehension by strengthening the connections between two 
visual elements in PMs (Lagerwerf et  al., 2012). Phillips (2000) 
proposed that an implicit headline was desirable to increase the level 
of comprehension of the advertising metaphors, which in turn elicited 
a positive effect on ad liking. Whereas an explicit headline produced 
increased comprehension but decreased ad liking by reducing 
consumers’ pleasure in interpreting the message of the ad. As Ang and 

Lim (2006) claimed, the effect of verbal metaphors is dynamic, 
depending on product type (symbolic products vs. utilitarian 
products), picture type (metaphor vs. non-metaphor) and headline 
type (metaphor vs. non-metaphor). As such, due to the complicated 
and divergent findings, verbalized PM calls for a further study.

Based on the previous studies, verbalization of PMs can be realized 
by several syntactic forms. Forceville (1996) maintained that different 
forms of verbalization reflect different ways we experience metaphors. 
Despite various grammatical structures for metaphorical sentences, 
Lakoff and Johnson (2008) suggested that all metaphorical expressions 
derive from the conceptual paradigmatic form “A is B.” This 
combination of linearity and syntactic rules allows for an easy 
distinguishing between the target domain and the source domain and 
for a clear identification of the features mapped from source to target. 
However, the career of metaphor theory (Bowdle and Gentner, 2005) 
proposed different syntactic structures (“A is B” and “A is like B”) for 
the manifestation of metaphorical thinking via an empirical study that 
investigated the preferred processing route of verbal metaphors. They 
designed their experiment based on what is known as grammatical 
concordance (Gibb and Wales, 1990; Gregory and Mergler, 1990), 
believing that there is a link between form and function in figurative 
language and that the form follows function. Specifically, the metaphor 
form (A is B) leads to categorizing the target domain as a member of 
a specific category named by the source domain so that one can 
understand one concept in terms of another; in contrast, the simile 
form (A is like B) facilitates comparing the target domain with the 
source domain. Therefore, metaphor processing is modulated by 
conventionality, that is, the form “A is B” fits conventional metaphors 
best, which uses a categorization-based processing, whereas “A is like 
B” fits novel metaphors best, which adopts a comparison-based 
processing. As such, it is clear again that different verbal metaphors 
are represented in different syntactic forms and recruits different 
processing mechanisms. Following the similar research stream, 
Forceville (1996) analyzed linguistic representation of pictorial 
metaphors in Pictorial Metaphor in Advertising, confirming the 
hypothesis that different-structured PMs can be verbalized by different 
syntactic forms. He identified the verbalization form “A is B” for MP1s 
(replacement-structured PM) and MP2s (fusion-structured PM), and 
the form “A is like B” for PM (juxtaposition-structured PM). Teng and 
Sun (2002) also contended that visual construction of juxtaposition 
visually expressed the comparison relation (i.e., A is like B), whereas 
visual constructions of fusion and replacement visually represented 
the metaphorical categorization relations (i.e., A is B). These initiative 
studies laid a solid foundation for the present study in terms of 
verbalization classification of PMs and of the relationship between 
verbalization form and corresponding processing mechanism.

In terms of methodology, to the best of our knowledge, 
experiments using evoked response potential remain less to explore 
the specific neural mechanism underlying the processing of verbo-
pictorial metaphors. Compared with behavioral experiments, the ERP 
technique can measure cognitive processing without behavioral 
response in real time. Human’s mental activity originates from the 
brain, and every change of mental state has a corresponding brain cell 
activity, which reflects the electrophysiological changes of the 
cognitive task in the brain. Therefore, due to its high temporal 
resolution, ERP studies offer a possibility to uncover the time-course 
of cognitive mechanism underlying PM comprehension. When a 
picture violates a semantic context, the event-related potential (ERP) 
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is negative compared with that evoked by a picture that fits into the 
context (Barrett and Rugg, 1990; Pratarelli, 1994; McPherson and 
Holcomb, 1999). That is, when the picture does not match with the 
sentence that intends to verbalize it, some ERP components indicating 
incongruity will be immediately detected. And we can analyze this 
incongruity and its extent to find the effective verbalization form 
for PMs.

In the neurocognitive studies of metaphors, ERP components, 
such as N400 and P600, have been widely investigated for verbal 
stimuli (Kutas and Hillyard, 1980). It is believed that they reflect 
different stages of cognitive processing of metaphor comprehension, 
with N400 reflecting the detection of semantic incongruity (Pynte 
et al., 1996; Balconi and Amenta, 2010; Kutas and Federmeier, 2011), 
and P600 marking the late concept matching and semantic integration 
processing (Van Herten et al., 2005). In addition, early components of 
ERP, which mainly refer to the potential changes within 200 ms of 
stimulus onset, can be observed especially when the visual pathway is 
involved. In the present study, we would focus on some early ERP 
components, including N1, P2 and P3, so as to discover their initial 
functional contributions to PM comprehension.

The incongruity-sensitive visual N1 is elicited by visual stimuli 
and significantly affected by attention (Vogel and Luck, 2000). As an 
index of a discrimination process within the focus of attention, it is 
related to filter mechanisms involved in triggering of attention 
(Boutros et al., 2004; Kisley et al., 2004). In the present experiment, 
different-structured PMs would attract the attention of participants to 
varied extent. Accordingly, N1 would be  detected in the initial 
processing stage.

P200, an early component related to visual-spatial processing 
(O’Donnell et al., 1997; Song et al., 2007; Niu et al., 2008; Tlauka et al., 
2009), is reported to be influenced by the contextual predictability, i.e., 
the efficient semantic features are pre-activated and extracted more 
rapidly from expected items than from unexpected items. And this 
contextual predictability could be interpreted as the congruity of the 
preceding materials with the following stimuli. The more consistent 
the semantic information, the larger the P2 amplitude. In an 
experiment by Federmeier and Kutas (2002) who compared sentences 
ended with contextually expected pictures and those with contextually 
unexpected pictures. They found larger P2 amplitude in response to 
expected items. As such, it is hypothesized in the present study that 
P2 should be detected when the verbo-pictorial matching process is 
perceived as congruent.

P3, another marker of (in)congruity processing, is found to 
be  associated with a series of cognitive activities in terms of its 
amplitude, latency, and scalp topography (Pritchard, 1981; Picton, 
1992). P3 could be elicited in experimental paradigms, like S1–S2 
paradigm (Ma et al., 2008). Changes in P3 are influenced by factors 
like attention (Mangun and Hillyard, 1990), memory load (Brookhuis 
et al., 1981), and familiarity of stimuli (Rugg and Doyle, 1992). Ma 
et al. (2008) proved that P3 can be evoked by category similarity in 
their experiment of brand extension, in which participants were 
instructed to decide the suitability between the original brand in S1 
and the extension product in S2. The higher similarity and coherence 
between the brand and the product led to an activation of more neural 
resources in the brain cortex with a larger P3 amplitude evoked. 
Therefore, P3 reflects the similarity-based categorical processing.

P3 is widely used to examine similarity (versus incongruity). For 
example, in an experiment of schematic face conducted by Azizian 

et al. (2006), stimuli higher in perceptual similarity to targets produced 
larger P3 than did other stimuli with few similar features. This 
experiment demonstrated that the P3 amplitude was an effective 
neural indicator of perceptual similarity between target and non-target 
stimuli. Watson et al. (2005) further examined the effect of conceptual 
similarity on the P3 amplitude through an oddball paradigm 
composed of print words and their conceptually related pictures. Most 
notably, on the basis of P3 as a similarity indicator, many experiments 
extended the findings that P3 was observable in semantic priming, 
which indexed the semantic relatedness between primes and targets. 
The sensitivity of P3 to semantic priming has been demonstrated not 
only in mono-modal studies, such as verbal modality (Hill et al., 2002) 
and pictorial modality (McPherson and Holcomb, 1999), but also in 
multi-modal studies using pictures and words as stimuli (Watson 
et  al., 2005). The more semantically related between primes and 
targets, the larger the P3 amplitude. The present study involves the 
matching between PMs and verbalization forms. When the 
verbalization form can convey the message of the picture, the similar 
conceptual representation would be activated due to the high degree 
of semantic relatedness. Therefore, we hypothesize that the P3 would 
be observed reflecting similarity and semantic relatedness.

Based on the above literature review, this study, providing 
electrophysiological evidence, aims to identify effective verbalization 
forms in representing PMs by examining how the particular 
verbalization forms match with different-structured PMs. ERP data 
are recorded while participants view an advertising picture and a 
following sentence presented word by word. The task is to decide 
whether the sentence is appropriate or not to describe the picture. 
Since the extant ERP studies show that N1, P2, and P3 components 
index some aspects of semantic processing of both verbal and visual 
stimuli, we would expect these neural components to be observed in 
the verbo-pictorial matching process for metaphors. And changes of 
their amplitudes would be  indicative of matching extent between 
verbalization forms and PMs. We hypothesize that enhanced P2, P3 
and decreased N1 would be elicited when PMs are matched with 
effective verbalization forms.

This cognitive study of verbal and pictorial stimuli in advertising 
is of great significance, because the typical observation time for 
advertising is 2 s in an editorial context (Pieters and Wedel, 2004). 
Instead of depending on the conventional self-report or surveys on ad 
attitudes, establishing the neural changes with a brief exposure to 
advertising visual stimuli can contribute to the development of both 
the cognitive study and advertising research of multi-
modal metaphors.

2. Materials and methods

2.1. Participants

Thirty-seven students from Dalian University of Technology 
participated in the ERP Experiment (24 men, 13 women; average age: 
24.2; range: 20–30). All participants were native Chinese speakers with 
normal or corrected-to-normal vision. They were all right-handed and 
had no color blindness or color weakness, no history of mental illness or 
other brain diseases. Informed about the design of the study, all 
participants gave their written consent for participation before the 
experiment and received remuneration after the experiment. One 
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participant’s data was excluded for excessive recording artifacts. The 
experiment was examined and approved by the Biological and Medical 
Ethics Committee of the Dalian University of Technology.

2.2. Stimuli

The stimulus pool included 90 pictures and 180 corresponding 
Chinese sentences (Table 1 shows representative examples). The pictures 
fell into three conditions: fusion structure (hereafter as FS), juxtaposition 
structure (hereafter as JS), and literal structure (hereafter as LS), with 30 
pictures in each condition. The source domain and the target domain of 
each set of three visual structures were the same. The present experiment 
did not take replacement-structured PM into account considering its 
complexity in the visual context, the excessive processing load and its 
scarcity in practical advertising. Instead, literal images that show the 
product directly (i.e., just images of the advertised objects) are considered, 
as non-metaphor pictures combined with metaphor headlines are often 
seen in advertising. The non-metaphor pictures can also be used as a 
baseline for the condition comparison.

Since the participants in the experiment were all college students, the 
advertising pictures included the best-selling products of low-involvement, 
that was, the advertised products in the pictures were what college 
students could afford and often purchased, including food and electronic 
devices. In these advertising PMs, trademarks, slogans, and brand names 
were removed to avoid the impact of reading. As for verbalization form, 
there were two: “A是(is) B” and “A像(is like) B.” The stimuli were selected 
based on four pretests.

Initially, 100 fusion-structured adverting PMs were pretested for 
the selection of appropriate experiment pictures. As familiarity has a 
modulating influence on the metaphor processing (Blasko and 
Connine, 1993; Giora and Fein, 1999; Giora, 2003; Blasko and 
Kazmerski, 2006; Schmidt and Seger, 2009; Mcquire et al., 2017), 70 
university students at Dalian University of Technology, China, who 
did not participate in the later ERP experiment, were invited to rate 
their familiarity with PM, on a five-point Likert scale ranging from 1 

(the least familiar) to 5 (the most familiar) in a preliminary test. 
Twenty-four highly familiar pictures were removed.

In the second pretest, a naming test (Forceville, 2002) was 
employed for the identification of the source and target items in PMs. 
A new group of 10 undergraduates participated in the naming, on a 
scale from 1 (the least consistent) to 5 (the most consistent). Sixteen 
pictures of low consistency were deleted.

In addition, a questionnaire was designed and delivered to 45 
students to confirm which was the theme (target domain) of the 
pictures (Forceville, 2002) for the metaphorical expression: A (target 
domain) 是/像(is/is like) B (source domain). A sentence was presented 
below each picture, indicating “This is an advertisement for XXX.” The 
answers were presented in a five-point Likert scale ranging from 1 (do 
not agree at all) to 5 (agree completely). To avoid redundant cognitive 
processing, the source and target items in the sentences were named 
in the same lexical length of Chinese characters.

The fourth is a sentence comprehension test (Tang et al., 2017) 
conducted to test whether or not the metaphorical sentences could 
be  comprehended, on a five-point Likert scale from 1 (strongly 
non-comprehensible) to 5 (strongly comprehensible). This 
questionnaire was delivered to another group of 32 students. Sentences 
of low comprehensibility were deleted.

Finally, 41 pictures were retained and processed by Adobe 
Photoshop 13.0 to create the corresponding JS and LS with the same 
source and target domain. Thirty were used in the formal experiment 
and another 11 were used in the practice trials. All the pictures had 
the same luminance, shade and size and the Chinese characters were 
Song typeface with the same font size.

2.3. Procedure

A 3 (pictorial structure: FS, JS, LS) × 2 [verbalization form: A是

(is) B, A像(is like) B] within-group experiment was conducted. In 
total, there were 180 trials, divided into 3 blocks with 60 trials in each. 
All the stimuli were presented in the center of the screen with white 
background in a quasi-random order.

As illustrated in Figure 1, the picture was presented first and then 
the sentence was presented word by word. The stimuli on each trial 
were presented in the following time sequence: fixation cross (800 ms), 
metaphor picture (2,000 ms), blank (200–500 ms), subject (source 
domain; 1,000 ms), blank (200–500 ms), linking verb [是/像(is/is like) 
600 ms], blank (200–500 ms), predicative (target domain, 1,000 ms), 
and question mark (3,000 ms). At the sight of the question mark, 
participants needed to make their judgments about whether the 
sentence was appropriate to describe the picture, by pressing a 
corresponding key. For counterbalance, half of participants pressed F 
(appropriate) or J (inappropriate) and the other half of participants 
pressed J (appropriate) or F (inappropriate). Response period was 
limited to 3,000 ms and was followed by a 1,000 ms interval. The 
participants conducted a brief exercise before the experiment.

2.4. Electroencephalogram data recording 
and processing

The participants were seated at a distance of 0.8 m from the screen 
in a silent room with soft lighting. The tasks were run and data were 

TABLE 1 Examples of stimuli used in the experiment.

Visual 
structures

Metaphor pictures Sentences

FS

蛋糕是玫瑰。

(Cake is rose.)

蛋糕像玫瑰。

(Cake is like rose.)

JS

蛋糕是玫瑰。

(Cake is rose.)

蛋糕像玫瑰。

(Cake is like rose.)

LS

蛋糕是玫瑰。

(Cake is rose.)

蛋糕像玫瑰。

(Cake is like rose.)
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collected using E-Prime 2.0 (Psychology Software Tools, Sharpsburg, 
MD). ERPs were time-locked to the onset of the verb [是/像(is/is 
like)] of the sentence and were obtained by stimulus-locked averaging 
of the EEG recorded in each condition. Electroencephalogram data 
were continuously recorded via an electrode cap with 64 Ag/AgCl 
electrodes, using the international 10/20 system. A 64-channel 
BrainAmp EEG amplifier (Brain Products, Germany) and the 
recording software (BrainVision Video Recorder) were used. Electrode 
impedance was maintained below 10 kΩ in the experiment. EEG was 
analyzed with Python using the MNE-Python toolbox. The EEG was 
digitally filtered using FIR filter-based filtering at 0.1–30 Hz band pass. 
Epochs were 1,000 ms in length with a 200 ms pre-stimulus baseline. 
ICA was performed after the extraction of the epoch to correct the 
ocular artifacts. The ground electrode was placed on the forehead and 
FCz was used as recording reference. Data were re-referenced offline 
to the average of the two mastoid electrodes.

2.5. Statistical analysis

First, the threshold-free cluster-enhancement (TFCE) technique 
(the exploratory analysis) was used for the analysis of ERP signals to 
define the region of interest (ROI) and channels by considering all 
spatial–temporal points. This technique was purely data-driven and 
took all data of each channel and any time point into account while 
strictly controlling for multiple comparisons (Mensen and Khatami, 
2013). Based on the TFCE results, frontally distributed five electrodes 
(F3, F1, Fz, F2, and F4) were selected for the analysis of N1 component 
(100–130 ms); centrally distributed six electrodes (FC3, FCz, FC4, C3, 
Cz, and C4) for the analysis of P2 component between 180 and 300 ms; 
six posterior electrodes (P3, Pz, P4, PO3, POz, and PO4) were selected 
for the analysis of P3 component (330–430 ms). In the next place, 
we conducted confirmatory analysis (lmer function, package lme4) 
including the factors pictorial structure and verbalization form as 
fixed-terms. Significance p-values and Type III F-statistics for main 
effects and interactions for continuous variables (ERP amplitude) were 

calculated using Satterthwaite approximations to denominator degrees 
of freedom as implemented in the lme4 (Bates et al., 2014). Planned 
comparisons and β estimates were calculated using function emmeans 
as implemented in the package emmeans.

3. Results

3.1. Behavioral results

The behavioral data were recorded, including the button-press 
reaction time and the selection frequency of each verbalization form 
for PM of the same structure. Noticeably, we  only recorded the 
reaction time of the trials in which the sentence was judged to 
be appropriate for describing the picture.

As can be seen from Figure 2, for three structures of PM, the form 
“A像(is like) B” is selected more compared to the form “A是(is) B.” 
And the paired-samples t-test further demonstrated that there was a 
significant difference in selection frequency between two verbalization 
forms for three structures of advertising pictures (t = −6.518, p < 0.001 
for FS; t = −7.976, p < 0.001 for JS; t = −5.402, p < 0.001 for LS). For FS 
and JS, the reaction time of “A像(is like) B” is shorter than that of “A
是(is) B” (t = 2.868, p = 0.007 for FS; t = 4.165, p < 0.001 for JS). But 
there was no significant difference between two verbalization forms 
for LS (t = −0.179, p = 0.855).

3.2. Evoked response potentials results

The grand averaged ERP waveform generated by the two 
verbalization forms [“A是(is) B,” and “A像(is like) B”] for three 
structures of PM at a frontal group (F3, Fz, F4), a central group (C3, 
Cz, C4) and a posterior group (P3, Pz, P4) were plotted in Figures 3–5. 
Visual inspection from TFCE showed the significant difference 
between two verbalization forms at P2 component for FS in Figure 3. 
P2 and P3 exhibited significant difference between two forms for JS in 

FIGURE 1

Experimental procedure.
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Figure  4. And there was significant difference at N1, P2, and P3 
components for LS in Figure 5. The topographies of each ERP effect, 
obtained by subtracting “A像(is like) B” from “A是(is) B” [“A是(is) 
B”—“A像(is like) B”] from three time frames (100–130 ms, 
180–300 ms, 330–430 ms) were also displayed. For FS (see Figure 3), 
“A像(is like) B” elicited larger P2 than “A是(is) B,” frontally and 
centrally distributed. For JS (see Figure 4), “A像(is like) B” elicited 
larger P2 and P3 than “A是(is) B,” frontally distributed. For LS (see 
Figure 5), “A像(is like) B” elicited larger N1 than “A是(is) B” almost 

in the whole brain; “A像(is like) B” elicited larger P2 than “A是(is) B,” 
frontally distributed; “A是(is) B” elicited larger P2 than “A像(is like) 
B,” focal in the frontal sites.

Table  2 showed the significant difference between the grand 
averaged ERP waveform generated by the two verbalization forms [“A
是(is) B,” and “A像(is like) B”] for three structures of PM. The results 
of N1 (100–130 ms) indicated the significant main effects of 
verbalization form [F (1, 180) = 4.9547, p < 0.05] and pictorial structure 
[F (2, 180) = 7.2407, p < 0.001]. The interaction effect between 

FIGURE 2

Behavior results.

FIGURE 3

Fusion structure (FS) condition. (A) Grand average ERP waveform elicited by “A是(is) B” (red) and “A像(is like) B” (blue) from frontal scalps (F3, Fz, F4), 
central scalps (C3, Cz, C4) and parietal scalps (P3, Pz, P4). Negative voltage is plotted upwards. (B) Scalp distributions of the N1 (100–130 ms), P2 (180–
300 ms) and P3 (330–430 ms) based on the difference waves between “A是(is) B” and “A像(is like) B.” (C) ERP data analyzed by TFCE.

https://doi.org/10.3389/fpsyg.2023.1131387
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Cao et al. 10.3389/fpsyg.2023.1131387

Frontiers in Psychology 07 frontiersin.org

FIGURE 4

Juxtaposition structure (JS) condition. (A) Grand average ERP waveform elicited by “A是(is) B” (red) and “A像(is like) B” (blue) from frontal scalps (F3, Fz, 
F4), central scalps (C3, Cz, C4) and parietal scalps (P3, Pz, P4). Negative voltage is plotted upwards. (B) Scalp distributions of the N1 (100–130 ms), P2 
(180–300 ms) and P3 (330–430 ms) based on the difference waves between “A是(is) B” and “A像(is like) B.” (C) ERP data analyzed by TFCE.

FIGURE 5

Literal structure (LS) condition. (A) Grand average ERP waveform elicited by “A是(is) B” (red) and “A像(is like) B” (blue) from frontal scalps (F3, Fz, F4), 
central scalps (C3, Cz, C4) and parietal scalps (P3, Pz, P4). Negative voltage is plotted upwards. (B) Scalp distributions of the N1 (100–130 ms), P2 (180–
300 ms) and P3 (330–430 ms) based on the difference waves between “A是(is) B” and “A像(is like) B.” (C) ERP data analyzed by TFCE.
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verbalization form and pictorial structure did reach significant [F (2, 
180) = 7.4031, p < 0.001]. N1 generated in the form “A像(is like) B” was 
significantly larger than that of “A是(is) B” for LS (β = −1.735, 
SD = 0.397, z = −4.372, p < 0.001), whereas no such difference was 
observed for FS and JS (z = −0.250, p > 0.80 for FS; z = 0.766, p > 0.69 
for JS).

For P2 (180–300 ms) analysis, the results showed that only main 
effect of verbalization form was significant [F (1, 180) = 76.5053, 
p < 0.001]. The effect of pictorial structure was not significant [F (2, 
180) = 1.7863, p > 0.17], whereas the interaction effect between 
verbalization form and pictorial structure was significant [F (2, 
180) = 6.3434, p = 0.002 < 0.05]. A larger P2 amplitude was observed in 
the form “A像(is like) B” than that in the form “A是(is) B” (β = 1.464, 
SD = 0.376, z = 3.893, p < 0.001 for FS; β = 2.986, SD = 0.376, z = 7.939, 
p < 0.001 for JS; β = 1.248, SD = 0.376, z = 3.317, p < 0.001 for LS).

The results of P3 (330–430 ms) reflected that the interaction effect 
did reach significant [F (2, 180) = 10.694, p < 0.001], despite an 
insignificant main effect of verbalization form [F (1, 180) = 0.4131, 
p > 0.52] and pictorial structure [F (2, 180) = 2.341, p > 0.009]. 
Follow-up analysis by contrasting two conditions demonstrated that 
P3 had no significant effect on the two verbalization forms for FS 
(z = 0.451, p > 0.65), whereas for JS, “A像(is like) B” elicited significantly 
larger P3 amplitude than “A是(is) B” (β = 1.166, SD = 0.484, z = 2.410, 
p = 0.032 < 0.05). And for LS, “A是(is) B” elicited significantly a larger 
P3 amplitude than “A像(is like) B” (β = −1.923, SD = 0.484, z = −3.974, 
p < 0.001).

4. Discussion

This ERP study investigates the processing of PMs when they are 
verbalized in different metaphorical expressions, to seek the optimal 
match between PMs and verbalization forms for the design and 
application of multi-modal metaphors. A 3 (pictorial structure: FS, JS, 
LS) × 2 [verbalization form: A是(is) B, A像(is like) B] within-group 

experiment was conducted among 36 participants to collect behavioral 
(button-press reaction time and selection frequency), and neural 
(evoked potentials) data.

Analyzing behavioral performance, the study found that for three 
structures of advertising PMs, the verbalization form “A像(is like) B” 
was selected more for illustrating the PMs, compared with the 
verbalization form “A是(is) B.” On the premise that we recorded the 
reaction time of the trials in which the sentence was judged to 
be appropriate for describing the picture, the reaction time of “A是(is) 
B” for FS and JS was longer. This implies that matching three different-
structured advertising PMs with “A是(is) B” was relatively difficult to 
be  comprehended for its recruiting more cognitive effort. In 
comparison, “A像(is like) B” was easier and more expressive as a 
verbalization form representing FS and JS PMs. However, there was 
no significant difference between two verbalization forms for LS. It 
may reflect certain degree of processing difficulty when LS were 
verbalized with these two syntactic expressions (which would 
be discussed in detail later with ERP results).

As for ERP components, the early component N1 and its 
amplitude change were found in this study. The matching of two 
verbalization forms with each type of PMs all induced N1 effect, 
indicating that this initial response observed in the early window was 
caused by visual stimuli of the experimental pictures with different 
visual structures. This finding was in line with the previous one (Cao 
et al., 2018) that both metaphor and literal pictures could elicit N1 due 
to the perceptual stimulation of the shape of experimental pictures. 
But for LS, there was significant difference between two verbalization 
forms. The form “A像(is like) B,” in the judgment task of verbo-
pictorial match, evoked a larger amplitude of N1 than “A是(is) B,” 
indicating that more recognition of incongruity occurred in the 
processing of “A像(is like) B.” Interestingly, for FS and JS, significant 
difference was not revealed between two verbalization forms. It may 
be attributed to the effect of different visual structures of PMs. In the 
condition of LS, participants could quickly identify the pictured 
product (target domain) before making the verbo-pictorial matching. 
While in the condition of FS and JS, the presence of both source 
domain and target domain made it hard for participants to distinguish 
them in the short-initial time window, only eliciting the perceptual 
activation of the picture instead.

Among three structures of PMs, a larger amplitude of P2 was 
found in “A像(is like) B” than in “A是(is) B.” Previous psycholinguistic 
studies (Duffy et al., 1989; Hess et al., 1995) found words that were 
predictable in a sentence context (contextually congruent and 
semantically associated words) provided greater facilitation than the 
words that occurred out of context or in incongruent contexts. 
Electrophysiological results (Biederman and Cooper, 1991) supported 
these findings, reflected by an enhanced P2 in contextually congruent 
and semantically associated matching conditions. The similar findings 
were also found by Federmeier and Kutas (2002), who pointed out 
that the upcoming pictures could be  facilitated by a preceding 
semantically-related sentences. The more consistent and expected the 
semantic information, the stronger the P2 effect. In the present 
experiment, when participants saw the picture and the following 
sentence “A像(is like) B,” more semantically-related and congruent 
features were extracted to construct a conceptual mapping between 
the visual and verbal stimuli. As such, “A像(is like) B,” due to its larger 
semantic congruity with the PMs, was assumed to be a more effective 
verbalization form in representing PMs in general.

TABLE 2 Evoked response potentials (ERP) results.

N1
(100–

130ms)

P2
(180–300 ms)

P3
(330–

430 ms)

FS: 是(is) vs

像(is like)

β = −0.099; β = 1.464; β = 0.218;

SD = 0.397; SD = 0.376; SD = 0.484;

z = −0.250; z = 3.893; z = 0.451

p = 0.803 p < 0.001 p = 0.652

JS: 是(is) vs

像(is like)

β = 0.803; β = 2.986; β = 1.166;

SD = 0.397; SD = 0.376; SD = 0.484;

z = 0.766; z = 7.939; z = 2.410;

p = 0.691 p < 0.001 p = 0.032

LS: 是(is) vs

像(is like)

β = −1.735; β = 1.248; β = −1.923;

SD = 0.397; SD = 0.376; SD = 0.484;

z = −4.372; z = 3.317; z = −3.974;

p < 0.001 p < 0.001 p < 0.001
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However, a question remains unclear, i.e., why was “A像(is like) 
B” the expected syntactic pattern over “A是(is) B”? We believe it is 
related to their different cognitive semantic features. The syntactic 
form of “A是(is) B” by nature is one manifestation of Noun Metaphor 
(Shu, 2002). This type of metaphor is more flexible to be used and also 
more difficult to be recognized due to the lack of necessary cognitive 
context, that is, literally provided semantic content alone is not 
sufficient for establishing a cross-domain mapping. For example, 
we do not use the ambiguous metaphorical expressions like “Heart is 
a strawberry” or “Coke is a rocket” in everyday speech, because they 
were too semantically impenetrable or too difficult to be interpreted 
without context. The interaction theory of metaphor (Richards, 1965) 
revealed that the meaning of metaphor came from the interaction of 
various features of two conceptual domains, including feature 
selection, emphasis and suppression. It emphasized the process of 
creating similarity between two concepts in metaphor comprehension. 
Su et al. (2016) also claimed that metaphor is a process that creates 
similarity between source domain and target domain in cases where 
such similarity does not already exist. Whereas “A像(is like) B,” 
especially with the auxiliary “像(is like),” exactly primes a processing 
of comparing the target domain with the source domain. As evidenced 
by Li (1999) and Zhao (2001), in the process of grammaticalization, “
像(is like)” has gradually lost its original meaning and become an 
auxiliary word, which was used to explicitly signal the similarity 
relation. Therefore, as the terms of the similitude were explicit, the 
form “A像(is like)B” was more accessible than “A是(is) B.”

In addition, our results showed that both verbalization forms 
elicited P3 for three structures of PMs. The previous studies 
reported that P3 amplitude is evoked in case of perceived 
similarity and semantic relatedness (Picton, 1992; Ma et  al., 
2008). The higher similarity and semantic relatedness, the 
stronger P3. There was a significant difference between two 
verbalization forms for JS and LS in terms of P3 amplitude. The 
form “A像(is like) B” induced a larger P3 amplitude than the form 
“A是(is) B” did for JS, whereas for LS, the form “A是(is) B” 
exhibited stronger P3 than “A像(is like) B.” But there was no 
significant difference between two forms for FS PM. These results 
suggested that the feature matching between JS and the 
verbalization form “A像(is like) B” was more effective, and the 
same went for the matching between LS and “A是(is) B.” There 
were more attribute congruity and semantic relatedness for the 
matching of JS with the form “A像(is like) B” and for LS with the 
form “A是(is) B” as well. According to these results, it can 
be concluded that “A像(is like) B” is more effective in representing 
JS, and “A是(is) B” is more effective for LS. This finding, to some 
extent, was consistent with the hypothesis proposed by Teng and 
Sun (2002) that visual construction of juxtaposition expressed the 
simile relation (i.e., comparison) because displaying two domains 
beside each other tipped toward similarity-based simile relation, 
whereas visual templates of one domain was apt to convey the 
metaphorical relation (i.e., categorization) which mainly results 
from the transformational effect by blending two different 
concepts, which enabled viewers to see a concept in terms 
of another.

So far, two points still need to be noted. The first one was that why 
we obtained diverging findings about the effective verbalization form 
for LS as reflected, respectively, in N1, P2 and P3 time window. In the 

N1 time window, as literal images lacked one domain for conceptual 
processing of PM, the comparison-based processing route was 
interfered with. Therefore, the categorization processing [i.e., A是(is) 
B] occurred. In the P2 time window when the matching process 
started and was influenced by the contextual predictability, “A像(is 
like) B” became the dominant and expected. In the P3 time window, 
based on the feature matching and the deeper information processing, 
it was confirmed that the more effective form for LS was “A是(is) B.” 
The second point was that P3 amplitude did not show significant 
difference between two verbalization forms for FS. We assume that 
this homogeneity results from the visual construction of FS. The size, 
the form and the degree to which the two items were fused were 
different in the experiment, even though four pretests had been 
carried out. Accordingly, the fusion complexity would have an effect 
on viewers’ interpretation of PMs, which is likely to hinder the 
upcoming matching process. This factor of visual complexity should 
be further controlled in the future studies.

To sum up, the major finding of the present study is that, 
regardless of the visual structures, the processing of verbalized 
PM mainly involves the comparison mechanism. Specifically, for 
both FS and JS, the congruent verbalization form is consistently 
“A像(is like) B.” Such a major finding can be explained by the 
career of metaphor theory (Bowdle and Gentner, 2005). This 
theory postulates that conventional metaphors lead to 
categorization processes, whereas novel metaphors tend to 
be  processed in the comparison mechanism. And these two 
processing mechanisms can be represented by two grammatical 
concordances, “A是(is) B” (categorization) versus “A像(is like) B” 
(comparison). The advertising metaphor pictures are generally 
characterized by creativity and low familiarity to viewers. The 
experimental stimuli used in the current study were PMs of low 
familiarity. These novel verbo-pictorial information in the 
categorization mode (is) was highly difficult to comprehend, 
compared with conventional metaphors that participants are 
familiar with. Only with a similarity network between the source 
and the target domain, the comprehension of novel metaphors 
can be facilitated, that is, when novel metaphors appeared, the 
comparison processing was generated to access the meaning of 
novel metaphors because they cannot be categorized based on the 
prior experience. Accordingly, the comparison processing (is 
like), i.e., the similarity between the two concrete items in the 
picture, was more likely to be recognized with fast processing 
speed with less cognitive load. In contrast, for LS, when matched 
with verbalization forms, there was a switching of different 
processing mechanisms reflected by the time course of N1–P2–
P3. Only one item (the product) was presented in the preceding 
LS picture, but two items were referred to in the sentence. At the 
sight of the sentence, participants, based on their memory 
retrieval, need to construct an image of the item that is not shown 
in the picture. In addition, the perception and recognition of PMs 
would be disturbed, as the mental construction of the absent item 
varied with each individual. Accordingly, the matching of LS with 
metaphorical sentences [“A是(is) B” and “A 像(is like) B”] would 
interfere with the cognitive activities of participants, which was 
also consistent with the behavioral result that there was no 
significant difference between two forms for LS. Neither form 
was effective to verbally represent LS.
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5. Conclusion

The current research discovered the optimal verbalization form for 
pictorial metaphors by observing the neuro-cognitive responses in verbo-
pictorial matching task. The form “A 像(is like) B” was cognitively 
preferred across three structures of advertising metaphors. The JS PM 
verbalized with “A像(is like) B” was the optimal scheme for the design 
and application of verbo-pictorial metaphor. LS pictures paired with 
metaphorical sentences would cause the most difficult semantic 
recognition. Therefore, verbal metaphors are not recommended to 
be integrated with non-metaphor advertising pictures.

The study not only identifies the early processing mechanism of PMs, 
but also reveals the verbo-pictorial interaction of metaphor processing. 
Practically, it provides neural reference for the design of effective multi-
modal metaphor in advertising by finding an optimal match between 
PMs and verbalization forms. In addition to time-domain analysis the 
study has performed, the future study should employ the time-frequency 
analysis to study the brain oscillations, such as delta and theta activities, 
to explore their functional roles for verbo-pictorial metaphor 
comprehension. A larger sample of the population is also needed, as the 
participants in this experiment are all university students.
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