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Using evoked response potentials, we investigated the implicit detection of incongruity during
target-source matching in pictorial metaphors of Chinese advertising. Participants saw an image of
a product (the target in a visual metaphorical relationship), and then made a same-different judgment in response to a second image (the source in a visual metaphorical relationship) which was
(in)congruous to the first image in terms of shape and/or function. We collected behavioral (button-press reaction time and accuracy), and neural (N270, delta and theta band activity) measures.
The time-frequency analysis showed faster processing of incongruous visual information. Moreover, shape and conceptual incongruity were associated with increased N270 amplitude as well as
delta (1-3 Hz) and theta (4-8 Hz) band power. Noticeably, compared with conceptual incongruity,
shape incongruity evoked a larger N270 amplitude and stronger delta and theta band oscillation.
In addition, the average topographical analysis revealed a frontal and central distribution of the
power activity. The analysis of attitudes towards the advertising metaphor pictures also proved the
supportive role played by incongruity. In conclusion, incongruity facilitates target-source matching in pictorial metaphors of Chinese advertising. The findings obtained from the study are important to metaphor designs of advertising pictures.

INTRODUCTION

any execution element in an ad) and the existing set of semantic meanings that one holds about the stimulus. For example, in the pictorial

Pictorial Metaphor and Incongruity

metaphor in which a laptop is represented on a hanger where a towel

Pictorial metaphor, defined as depicting an object in terms of a dif-

pants stereotypically perceive as an electronic product. The degree of

ferent kind of object to which it bears a resemblance in form and

(mis)match between the representation (e.g., attributes) of an object

function (e.g., flight path depicted as highway, Dent-Read et al., 1994),

(e.g., product) and the related set of semantic meanings determines

involves seeking similarities between targets and sources (Forceville,

the intensity of incongruity. This can be measured by the similarity

1994). However, in the context of advertising, the image of the target

between the two stimuli and its influence on cognitive response (e.g.,

product (e.g., a laptop) is designed to be unexpectedly incongruous

Meyers-Levy & Tybout, 1989; Peracchio & Tybout, 1996; Stayman &

to the source item (example.g., a towel), creating a novelty to cap-

Smith, 1992; Sujan, 1985). It is noted that incongruity in advertising

is generally supposed to appear, incongruity occurs in what partici-

ture consumers’ scarce attention, which is termed artful deviation by
McQuarrie and Mick (1996).

Corresponding author: Huili Wang, School of Foreign Languages, Dalian

(In)congruity in advertising is a (mis)match between an element
of the advertising stimulus (e.g., product, brand, endorser, music, or

University of Technology, No.2 Linggong Road, Ganjingzi District, Dalian City,
Liaoning Province, China, 116024. E-mail: huiliw@dlut.edu.cn

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1

2019 • volume 16(1) • 1-12

http://www.ac-psych.org
DOI • 10.5709/acp-0279-z

ADVANCES IN COGNITIVE PSYCHOLOGY

RESEARCH ARTICLE

pictorial metaphors does not always facilitate cognitive processing. On

(e.g., function) representations. From a psycholinguistic point of view,

one hand, Kaplan (1992), in a conceptual analysis of form and content

perceptual representation expresses semantic meaning, indicating an

in visual metaphors, found that incongruity can capture attention.

object’s physical state as well as a relationship with other contextual

Mick (1992) also observed that visual metaphors are more frequently

elements (Levinson & Levinson, 2003). Research indicates that per-

recalled than nonmetaphors. On the other hand, far too complex an

ceptual representation plays a more salient role in picture processing

incongruity may leave one unable to understand the intention of an

at the very early stage and conceptual representation—at a later stage

advertisement (McQuarrie & Mick, 1992; Tourangeau & Sternberg,

(Langley et al., 2008; Snodgrass et al., 1996). Loftus and Ginn (1984), in

1981) because the positive effect of incongruity lies in the audience’s

a picture-memory paradigm using noise masks (defined by luminance

successful resolution of it. There have been a number of postulations

and attention demand) that either immediately followed the offset of

to explain the contrasted results, such as the influence of individu-

a 50 ms-duration picture or 300 ms after offset, found that perceptual

als’ schema (Mandler, 1981). The curvilinear model (McQuarrie &

and conceptual processes are two qualitatively different psychological

Mick, 1996) predicts the incongruity effectiveness on the basis of an

processes operated at two consecutive time epochs, with an interval of

interaction between visual complexity and message effect. The tipping

roughly 300 ms dividing them. One of the perceptual representations,

point effect (van Mulken et al., 2014) suggests that in ratings of liking a

shape, is documented to prime object recognition (Langley, 1996). In

product, moderate complexity of incongruity in pictorial metaphors is

contrast, conceptual primes influence a later stage of processing, after

comprehended and appreciated the most. The studies were performed

object recognition (Loftus & Ginn, 1984). According to Keil (1992),

to assess the effectiveness of incongruity application because it is neces-

after shape-based object recognition, an item is likely to be assigned

sary to identify when and how incongruity is detected and processed,

to a corresponding conceptual category based on its function. More

and the nature of the response it is likely to evoke.

than lists of perceptual features, these function categories are based on

Cognitive incongruity has been assessed within many dimensions,

physical interaction (experience) with the object. It is claimed that two

such as color (Wang et al., 2004), number magnitude (Li et al., 2003),

similarly-shaped objects tend to be categorized to the same conceptual

and spatial matching (Mao & Wang, 2008; Yang & Wang, 2002). The

domain (Glenberg, 1997; Ortiz, 2010; Rosch et al., 1976; Zwaan et al.,

most important processing that moderates the cognitive outcome in

2002; van Weelden et al., 2011). This view is supported by Ortiz’s study

these studies is matching comparison, operationalized by the degree

(2010), where she examined the relationship between shape and func-

to which the compared dimensions are incongruous to each other. The

tion in pictorial advertisements. In this regard, perceptual representa-

electrophysiological findings typically relating to the incongruity of the

tion has a significant influence on cognitive processing, compelling for

processing of visual metaphor are those by Scannella et al. (2016), who

its early processing and facilitating role.

claimed that N270 is sensitive to the conflict strength. In the context of
advertising, Szubielska et al. (2012) found that the amplitudes of infor-

Incongruity and Evoked Potentials

mation conflicting components (N270, P300, and N400) were sensi-

The mental processing of visual information incongruity can be de-

tive to incongruity between the product category and the previously

tected by evoked potentials, such as N2, N270, P300, and N400. In

presented brand. Ma et al. (2016) examined the N300 for the cross-

consideration of the differences of paradigm and modality in previ-

modal incongruity in the processing of product pictures and their

ous studies, we decided to focus on the N270, based on a careful

verbal names. However, the studies of cross-category conflict strength

comparison of these components. Firstly, N2 is elicited in stimulus

marked by perceptual and conceptual representations remain less ex-

feature-relevant (matched) conditions (Smid et al., 1999). However,

plored, except those performed by van Weelden et al. (2011) and Hu

the present study employed a same-different judgement (SDJ) ex-

et al. (2014). They consistently found, in their behavioral experiments

periment. Secondly, N400 is mostly studied in verbal contexts with

of button-press response, that shape facilitates metaphorical process-

an incongruous ending (Kutas & Hillyard, 1980), using semantic,

ing in the visual modality. However, paradigms using evoked response

phonological, or orthographic priming paradigms (Kuperman et al.,

potentials (ERPs) remain less often employed to further explore the

1995; Rugg, 1985). Thirdly, N300 is image-specific and elicited in

specific neural mechanism underlying the processing of incongruity

semantically incongruous conditions such as between-category mis-

based on perceptual and conceptual features. This is of great signifi-

matches (Federmeier & Kutas, 2002; Hamm et al., 2002; Franklin et al.,

cance to the working-memory study of visual stimuli in advertising be-

2007) and discourse-level mismatches (West & Holcomb, 2002). The

cause the typical observation time for print advertising is two seconds

N300 amplitude is reportedly larger in processing metaphorical than

in an editorial context (Pieters & Wedel, 2004). Establishing the neural

literal sentence (Balconi & Amenta, 2010), but we assume that in the

changes of a brief exposure to visual advertising stimuli can contribute

pictorial modality, the involvement of the visual pathway will facilitate

to the development of both cognitive studies and marketing research

the processing of metaphorical comprehension (Cao et al., 2018). As

of pictorial metaphors.

N270 can be evoked in different stimulus conflicting conditions, it is

Metaphor comprehension is an analogical mapping process that in-

reasonable to propose that early N270 would reflect the mental conflict

volves selection of specific representations of the referent (also known

when the brain accesses incongruous information, perceptual and/or

as source domain) in the metaphorical relationship (Gernsbacher &

conceptual.

Robertson, 1999), including perceptual (e.g., shape) and conceptual
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In particular, N270, a negative event-related potential (ERP) com-

to the incongruity salience, a 2 × 2 (Shape [congruous, incongruous]

ponent with peak latency of about 270 ms, was elicited on the human

× Concept [congruous, incongruous]) experiment was designed for S2

scalp when the second stimulus (S2) of a pair showed any different at-

in the SDJ task. It is reasonable to make the following hypotheses for

tributes from the first one (S1) in a visual S1-S2 matching task (Wang

the processing of visual advertising metaphors based on incongruity

et al., 2000; Cui et al., 2000; Kong et al., 2000; Zhang et al., 2001; Yang

intensity: (a) the reaction time (RT) will be shorter for the perceptually

& Wang, 2002). According to Wang et al. (2000), N270 can be evoked

incongruous than congruous picture pairs; (b) the incongruity caused

not only in physical feature discrimination tasks but also by the con-

by shape differences and conceptual differences will be detected by an

flict of mental mismatching. Some may argue that this N270 effect is

enhanced N270 and an increased delta and theta band power; and (c)

similar to mismatch negarivity (MMN). As far as the current study

the shape incongruity will be stronger compared to conceptual incon-

is concerned, visual N270 and visual MMN are not related. N270 is

gruity, and therefore, lead to a larger N270 effect and stronger delta

activated frontally when observed for the analysis of attention and se-

and theta power.

mantic processing, while, in general, visual MMN is elicited temporooccipitally. Thus, visual N200 and visual MMN involve two different
processing mechanisms.
Note that there are two common methods for the SDJ paradigm,
with two stimuli presented simultaneously or sequentially. Due to the
temporal difference of perceptual and conceptual processing and the
memory function of pictorial advertising stimuli, sequential presentation is used in the present study. No template mismatch effect could occur, as the perceptual and conceptual features were the two interactive
and both task-relevant dimensions in the experiment.

Incongruity and Time-Frequency
In addition, different frequency bands activity underlying evoked
potentials can indicate some processing that the ERP may not fully
display. The current study also examined neural oscillations (delta and
theta) for their significant role in human cognition (Siegel et al., 2012).
Delta oscillatory responses, defined as EEG oscillatory responses in the
0.5–3.5 Hz frequency range, also gain importance in studies in which
a cognitive load is presented. This cognitive load, in turn, is correlated
with attention, perception, learning, and memory. Delta oscillatory
responses are usually increased in the frontal and central locations during cognitive load (Baslar & Stampfer, 1985; Güntekin & Başar, 2016;
Stampfer & Baslar, 1985). Moreover, theta oscillations (4–8 Hz) have
been consistently documented to play a major role in visual working
memory functions (Liang et al., 2017; Liang et al., 2012; Sauseng et al.,
2010). Generally, theta power increases in response to semantic or syntactic violations and is mainly distributed in frontal areas of the brain
(Bastiaansen et al., 2002; Davidson & Indefrey, 2007; Hald et al., 2006).
According to the above, the current study, following the experimental procedure introduced by van Weelden et al. (2011), aims to
provide electrophysiological evidence of time-domain and timefrequency measures, underlying incongruity detection that occurs
to the target-source matching in the visual metaphors. To effectively
reveal the contributions of time-frequency components to the evoked
potentials, the time-principal component analysis (t-PCA) method
was applied for time-domain analysis and Morlet Wavelet Transform
method for time-frequency analysis (Zhang et al., 2017).
The EEG data were recorded while participants viewed a target
product picture (target domain), followed by an item picture (source
domain) which was (in)congruous with the product picture. To
evaluate the responsiveness of the indicators of information conflict
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METHODS
Subjects
Twenty-seven healthy graduates (18 women; age 19-29 years;
Mage = 23.81 years) from Dalian University of Technology participated
in the experiment. All subjects except one were right-handed and had
normal or corrected-to-normal vision and were without history of psychiatric or neurological disorders, as established by self-report. The EEG
data of four subjects were excluded because they retained fewer test trials after artifact removal. This study was carried out in accordance with
the Declaration of Helsinki, and written informed consent was secured
from all participants. The protocol was approved by the Biological and
Medical Ethics Committee of the Dalian University of Technology.

Experiment Stimuli
Picture stimuli were presented at the center of screen with a white
background, a viewing distance of 90 cm on a 17 in. CRT monitor
(1044 pixels × 900 pixels, 85 Hz refresh-rate, 5.31 ° × 5.31 ° of visual
angle). All the stimuli were realistic pictures and outlines were retained
by Adobe Photoshop 13.0. Colors were removed because of the metaphorical implications colors might have. Finally, picture stimuli were all
in black-and-white color, presented against a black/white background.
The S1 of a stimulus pair was always a picture of target product (for
example, a laptop), followed by the S2, a picture of regular item as a
referent extracted from a metaphorical relationship (for example, a
towel). The stimulus pairs were divided into five conditions: (a) S2
was exactly the same as S1 (the same); (b) S2 was congruous to S1
both in shape and concept (S+C+); (c) S2 was incongruous in shape
but congruous in concept (S-C+); (d) S2 was congruous in shape but
incongruous in concept (S+C−); (e) S2 was incongruous to S1 both in
shape and concept (S-C−). We used 18 experimental picture sets, each
containing one target product object. These picture pairs resulted in 90
experimental trials. We added 54 filler trials (with the target and the
paired counterparts being the same) to counterbalance the probability
of YES and NO answers in the sequential SDJ task.
The picture stimuli were selected based on the following procedure:
232 advertisement pictures with two metaphorically related items visually represented were initially collected from China’s markets of various
media. As familiarity has a modulating influence on metaphor process-
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FIGURE 1.
Stimulus examples.
ing (Schmidt & Seger, 2009), a preliminary test with a five-point Likert

finger to press J on the keyboard for yes and left index finger to press F

scale ranging from 1 (the least familiar) to 5 (the most familiar) was

for no, as quickly and accurately as possible.

carried out among 30 graduates in Dalian University of Technology,
China, who did not participate in the later ERP experiment.
Eighteen least familiar pictures (about 8% of the initial stimuli)

Firstly, participants practiced 16 trials repeatedly for a minimum
of 70% accuracy rate before taking the experiment. There were 720
trials in the experiment, 90 trials for each condition. To balance yes

were retained, for which the targets and sources were identified and

and no responses, 54 extra pictures were used and evenly allocated in

extracted, covering the top sellable product categories (cars, electronic

the same condition. For these stimuli, S1 pictures and S2 pictures were

appliances, personal care, food and beverage). Source object in each

the same, leading to yes responses. As such, there were 360 trials for

picture was categorized into one of the four conditions (S+C+, S+C−,

both yes/no responses, a balanced probability to avoid response bias. In

S-C+, S-C−) based on ratings made by 11 postgraduates. For the three

consideration of the recall pictures in all five conditions being the same

uncovered conditions, extra items referring to the same product cate-

with probe picture as the only variation, the extra trials data were not

gory in metaphors were attempted for matching based on the degree to

analyzed. Every 48 trials, there was a break of 20 s, after which partici-

which they resemble to the target picture in shape and function. Then,

pants could decide whether to resume the experiment or to continue

manipulations of object shape and function were respectively pretested

the break.

by subjective ratings among 40 undergraduates and 37 undergraduates

In order to further differentiate the effect of perceptual and con-

in Dalian University of Technology, China, who did not participate in

ceptual processing in terms of the cognitive outcome, a questionnaire

the later ERP experiment (p < .01).

was designed and delivered to the participants, which contained 20
sets of the experimental pictures in four conditions: S+C+ (25%), S-C+

Procedure

(25%), S+C− (25%), and S-C− (25%). A sentence was presented on top

Each trial of stimulus pictures and detailed timing were presented as

of the pictures, indicating “This is an advertisement about XXX.” Then

follows (see Figure 2.): fixation cross onset for 1 s , S1 picture onset for

following the questionnaire by van Mulken et al. (2014), four questions

200 ms, 50 ms mask and 1 s blank white screen. After that, the S2 pic-

were created to measure the attitudes towards the advertising meta-

ture appeared and remained on the monitor until response or for 1500

phor picture. The answers used a 7-point Likert scale, ranging from

ms. Prior to beginning the experiment, participants were instructed to

1 (strongly disagree) to 7 (strongly agree). The four rating statements

judge whether the two pictures were the same using their right index

included: 1. I have a good feeling about this advertisement; 2. I will con-

FIGURE 2.
The experimental procedure of the trial.
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sider buying this product; 3. I will recommend this product to my friends;

analysis. One-way repeated measure analysis of variance (ANOVA)

4. This product may be good for me.

was used to analyze behavioral data and delta and theta oscillations,

Recording and Processing of EEG
Data
Continuous EEG signals were recorded by a 64-channel amplifier (500
Hz sampling rate, ANT Neuro EEGO Inc., Germany) via an elastic cap,
containing 64 unshielded and sintered Ag-AgCl electrodes, with all of
the electrodes laid out according to the International 10–20 electrode
system. Data were re-referenced offline to the average of the mastoids.
For monitoring ocular movements and eye blinks, electroculogram
(EOG) recordings were taken from four electrodes placed lateral to
each eye, as well as above and below the right eye. Electrode impedance was kept below 10 kΩ. EEG preprocessing was conducted in
Matlab using custom functions, built-in functions, and the EEGLAB
toolbox (http://sccn.ucsd.edu/eeglab). The analysis included the use of
a 50 Hz notch filter to remove line noise, as well as IIR filter-based
filtering (0.5 Hz high-pass filter, 30 Hz low-pass filter), segmentation of
the filtered continuous EEG into single trials (each trial was extracted
offline from 200 ms pre-stimulus onset to 800 ms post-stimulus onset),
baseline correction using the 200 ms preceding cue onset, and artifact
rejection of amplitudes exceeding ± 100 µV. Blink artifacts were attenuated by conducting a temporal ICA decomposition on the individual
recordings (extended Infomax algorithm in EEGLAB). Trials were
superposition-averaged under the same stimulus of the same subjects.
Artifactual components were identified by a visual inspection of the
component time-course, topographic distribution, and frequency
spectrum, and were removed from the back reconstructed time-course
(Bridwell et al., 2018; Delorme & Makeig, 2004).
Wavelet filtering was then applied to filter the averaged data (lv =
9; wname = ['rbio6.8']; kp = [2 3 4 5 6], Cong et al., 2010; 2015). The
data were processed by wavelet filtering and the components of interest
were separated by t-PCA before being projected back. Twenty components were retained (total variance explained was 97.41%), and the
first and twelfth components were selected from the 20 components for
back-projection according to the properties of interest component in
time and space domains, so that the total averaged waveform and brain
topographic maps were obtained (Dien, 2010; 2012; Dien et al., 2005)
We focused on the dynamic oscillation of frontal delta and theta
after S2 was presented. A complex Morlet continuous wavelet transform (CMCWT, Demiralp et al., 2001; Kronland-Martinet et al., 1987;
Tallonbaudry et al., 1996) was used for time-frequency analysis of the
averaged ERP data in the MATLAB toolbox (Bridwell et al., 2018).
The parameters of central frequency and bandwidth were both 1, with
exploring frequencies ranging from 1 to 30 Hz in steps of 0.3 Hz. EEG
and behavioral data were analyzed with repeated measurements of
variance by statistical analysis, and the Greenhouse-Geisser correction
was performed when necessary.
Combined with the previous studies and present data, Fz and FCz
electrodes were selected for the analysis of evoked delta oscillation (1–3
Hz); Cz and CPz for the analysis of evoked theta oscillation (4–8 Hz)
between 200 and 500 ms. Fz and FCz were selected for the time-domain
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with shape features (similar versus dissimilar) and conceptual features
(similar versus dissimilar) as within-subject factors.

RESULTS
Behavioral Results
To compare the influence on the judgment by shape and concept, a
one-way repeated measure ANOVA was conducted for accuracy
(ACC) and reaction time (RT) respectively in five conditions (the
same, S+C+, S-C+, S+C-, S-C-).
As can be seen from Figure 3 (right panel), the main effect of ACC
was significant, F(4, 23) = 19.79, p < 0.001, MSE = 0.002, ηp2 = .473. The
one-way repeated measure ANOVA showed the same versus S+C+ (p =
.017), the same versus S-C+ (p < .01), the same versus S+C− (p = .01), the
same versus S-C− (p = .01), S+C+ versus S-C+ (p = .001), S+C+ versus
S+C− (p = .011) and S+C+ versus S-C− (p = .003). This may reflect that
it is easier to recognize the mismatched conditions than the matched
conditions in the cognitive comparison stage.
In terms of RT, as can be seen from Figure 3 (left panel), there was
a main effect across conditions, F(4,23) = 5.26, p = .008, MSE = 803.94,
ηp2 = .20. The one-way repeated measure ANOVA showed statistically
significant effects of S+C+ versus the same (p = .037), S+C+ versus S-C+
(p = .027), S+C+ versus S+C− (p = .021), S+C+ versus S-C− (p < .001).
It means that S2 and S1 produce conflicts in participants’ behavior when
they are congruous both in shape and concept.

Electrophysiological Data
Acquisition and Analysis
TIME-DOMAIN ANALYSIS
The waves of time-domain N270 are shown in Figure 4, with the
topographical distribution shown in Figure 5. The time window was
set in the 200-500 ms range because it temporally followed the perceptual processing of the target stimuli and fell within the average range of
participants’ RT, which was assumed to indicate the comparison phase
of visual working memory when the conflicting processing between
incongruous pictures occurred. It can be seen from Figure 4 that the
main effect of experimental condition was significant, p < .001, F(4,
23) = 41.273, MSE = 8.375, ηp2 = .614), indicating that, compared
with other conditions, the condition when the pictures had dissimilar
shapes elicited the largest amplitude over the Fz and FCz, while the
same condition elicited the smallest amplitude.
For the ERP amplitude, repeated measures ANOVAs showed a
significant effect between the same condition versus S+C+ condition
(p < .001), the same condition versus S-C+ condition (p < .001), the same
condition versus S+C− condition (p < .001), the same condition versus
S-C− condition (p < .001), S+C+ condition versus S-C+ condition (p <
.001), S+C+ condition versus S-C− condition (p = .025), S+C+ condition
versus S+C− condition (p = .009), and S-C+ condition versus S-C− con-
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FIGURE 3.
Behavioral results.

FIGURE 4.
Time-domain evoked potential of incongruous minus congruous at Fz (upper panel) and FCz (lower panel).

dition (p = .031). There was no significant difference between S-C+ con-

S-C− (p = .004). The pairwise comparison found the main effect of ex-

dition versus S+C− condition (p = .056) and between S+C- condition

perimental condition in the time window of 200-400 ms, p = .002, F(4,

versus S-C− condition (p = 1).

23) = 6.699, MSE = 5233.192; ηp2 = .205), S+C+ versus S-C+, (p = .001),
S+C+ versus S-C− (p = .018), and S-C+ versus S+C− (p = .014). When

TIME-FREQUENCY ANALYSIS
Multivariate repeated measures ANOVAs were computed on evoked

shaped differently, the S2 elicited stronger delta and theta. However, it
did not reveal any significant effect between the same versus S+C+ (p

delta and theta oscillation. Based on the topographical distribution,

= 1), the same versus S-C+ (p = .302), the same versus S+C− (p = 1),

evoked band power was analyzed at the Fz and FCz, Cz, and CPz elec-

S+C+ versus S+C− (p = .735), S-C+ versus S-C− (p = 1), and S+C- versus

trodes, respectively (see Figure 6). The topographical distribution of the

S-C− (p = 0.122).

evoked theta oscillation (4-8 Hz at 200-400 ms) and delta oscillation
(1–3 Hz at 300–500 ms) is shown in Figure 7.

Thus, the present study found that, at the behavioral level, the accuracy in the same condition was significantly lower and the RT of

For the time-frequency analysis, repeated measures ANOVAs found

S+C+ condition was significantly slower. At the neural level, the N270

a main effect of experimental conditions in the time window of 300-500

amplitude and evoked delta and theta power significantly increased for

ms, p = .017; F(4, 23) = 3.997, MSE = 10686.19, ηp2 = .133, with S+C+

incongruous picture pairs compared to congruous ones.

versus S-C+ (p = .002), S+C+ versus S+C− (p = .04), and S+C+ versus
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FIGURE 5.
Topographical distribution of N270 component in the five experimental conditions: The same = S2 was exactly the
same as S1; S+C+ = S2 was congruous to S1 both in shape and concept; S-C+ = S2 was incongruous in shape but
congruous in concept; S+C− = S2 was congruous in shape but incongruous in concept; S-C− = S2 was incongruous to
S1 both in shape and concept.

FIGURE 6.
Time-frequency representations of evoked delta and theta oscillations at four electrodes in two time windows. Panel A: Fz electrode in
the time window of 200-400 ms (4-8 Hz); Panel B: FCz electrode in the time window of 200-400 ms (4-8 Hz); Panel C: Cz electrode in the
time-window of 300-500 ms (1-3 Hz); Panel D: CPz electrode in the time-window of 300-500 ms (1-3 Hz).
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FIGURE 7.
Topographical distribution of the evoked delta and theta oscillations at two time windows. Panel A: Topographical distribution of the
evoked theta oscillations at 200-400 ms (4-8Hz); Panel B: Topographical distribution of the evoked delta oscillations at 300-500 ms (1-3Hz).

FIGURE 8.
Mean value of advertisement attitudes under the four experimental conditions.

ADVERTISMENT-ATTITUDE ANALYSIS

sistent with many existing research results. The inconsistency of shape

The advertising metaphor pictures in the S+C+ condition rank

and concept will lead to overly difficult cross-domain mapping between

the top in response to the four questions, however, the previous neu-

the target product and the source object in cognitive processing. Thus, it

roscience experiment has proved that the cognitive effect of the S+C+

can be seen that only when shape or concept is incongruous can a better

condition was lower than any other experimental condition. Therefore,

advertising attitude be produced, which should be the ideal condition for

the analysis of the questionnaire focuses on the advertisement attitude

moderate incongruity to play a role.

under the interactive conditions of perceptual and conceptual incongruity. It can be seen that, in the case of S-C+, the average score was higher
than any other conditions (see Figures 5 and 8). It can be concluded
that the advertising attitude will be better when the shape of the target
product and the source domain object is incongruous but the concept is
congruous. At the same time, metaphor advertising pictures which are
incongruous both in shape and concept are the least popular. This is con-
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DISCUSSION
In the current study, we investigated the effect of perceptually and conceptually incongruous visual information on the target-source matching of the pictorial advertising metaphors by using a SDJ paradigm.
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A one-way repeated measure ANOVA for a 2 × 2 ([Shape: similar,

physiological level, as indicated by “shape is function” (Ortiz, 2010), in

dissimilar] × [Concept: similar, dissimilar]) experimental condition

much the same way that shape similarity facilitates finding conceptual

was conducted on ACC, RT, N270, and delta and theta band activity.

correspondences between objects (van Weelden et al., 2011).

Analyzing behavioral (ACC and RT) performance, we found that

In addition, the examination of N270 waveform showed a larger

the detection of target-source congruous matching was slower than

amplitude when the two sequential stimuli were of incongruous shapes

for incongruous matching. We speculate that for pairs of metaphori-

than when they were incongruous concepts. The difference between

cally congruous items, feature-by-feature matching generally requires

the extent of detection of mismatch in the shape and concept dimen-

increased cognitive effort. Importantly, however, the behavioral data

sions might result from differential speed of information processing on

did not show a significant difference in responses among the other four

the two dimensions. This, in turn, implies that processing conceptual

conditions in which the two pictures were perceptually and/or concep-

information requires more time compared with shape processing.

tually different. We attribute this to the possibility that the behavioral
and cognitive conflict processes do not share common resources.

This assumption was verified in the time-frequency analysis. For
the time window of 200-400 ms (4-8 Hz), which roughly spans the

Analysis of the N270 evoked potential and related time domains

time frame of the perceptual processing, the role that shape plays in

and time frequencies revealed that perceptual incongruity facilitates

identifying incongruous information was observable. In this early time

the metaphorical processing of visual modality. Consistent with the

window, a significantly different theta activity was identified with pic-

findings from previous studies, the present study showed that N270

ture pairs when S2 was incongruous in shape, whether congruous in

was elicited after the onset of a stimulus when its attributes were incon-

concept or not, compared with pairs when S2 was congruous both in

gruous to the preceding one. In the present study, the N270 amplitude

shape and in concept. Meanwhile, a significant discrepancy occurred

was larger for the cases where S2 was incongruous either in shape, in

when S2, which was incongruous in shape but congruous in concept,

concept, or both, compared to where it was the same as S1. A more

was compared to S2 which was congruous in shape but incongruous

negative waveform of N270 for S2 was also found when S2 was incon-

in concept.

gruous in shape or incongruous both in shape and concept compared

The role that concept plays in processing incongruous information

to when S2 was congruous to S1 both in shape and concept. Similar

was narrowed down to the late time window of 300-500 ms (1-3 Hz).

findings were obtained by Wang et al. (1999), Kong et al. (2000) and

Relative to S2 when it is congruous both in shape and in concept, S2,

Cui et al. (2000) who reported that in their match-to-sample tasks, the

when it is congruous in shape but incongruous in concept and when it

mid-frontally distributed N270 was elicited and was more negative in

is incongruous both in shape and in concept, elicited a stronger delta

non-matched tasks concerning object shape. The current study again

band activity. We postulate that this reflects a later and slower detec-

lends support to a N270 effect for mismatches between S2 and S1 in

tion of incongruous conceptual features concerning visual metaphors.

shape (Cui et al., 2000; Wang et al., 2004; Zhang et al., 2001), suggesting

Surprisingly, a prolonged difference of delta activity was still found

that the N270 represents neural activity relating to incongruity detec-

when the picture pair with S2 incongruous in shape but congruous in

tion in the presented information (Kuperman et al., 1995; Rugg, 1985).

concept was compared with the picture pair with S2 congruous both in

What is worth noting is that when the two pictures were congru-

shape and in concept. In all, these findings support the proposition that

ous in shape but incongruous in concept (S+C−), N270 amplitude was

frontal delta and theta activity reflect visual working memory-related

larger, supporting that N270 indexes both perceptual and semantic

processing and detection of the mismatched information in visual

conflict processing. More importantly, however, relative to the condi-

working memory. Many neurons in subregions of the frontal and pa-

tion of shape and content incongruity (S-C−), the condition of shape

rietal cortex show elevated responses during tasks requiring the active

incongruity and concept congruity (S-C+) was found to elicit a larger

storage of feature- or stimulus-specific visual information (e.g., Bisley

amplitude of N270. We believe that salient shape differences between

& Pasternak, 2000; Mendoza-Halliday et al., 2014; Miller & Tippett,

the target and the source may interfere with the semantic processing

1996). These results indicate that frontal delta and theta activities ob-

of conceptual differences. Participants may identify the two pictures as

served in the delayed matching task are not the neural index of external

incongruous based on their different shape and stop further processing

behavioral conflicts, but rather reflect the endogenous detection of

of the discrepancy of functional compatibility. This may be explained

mismatch processing (Liang et al., 2012).

by the response competition model by Eriksen & O’Hara (1982), which

The findings obtained in the current study are significant for the de-

illustrates that response activation starts as soon as information associ-

sign of visual advertising metaphors. The study identified and verified

ated with the responses has become available and before comparison

indicators of incongruous information on the neural level, the frontally

of the objects is completed. On the other hand, sequential difference

distributed N270 as well as delta and theta. They can be used to as-

between perceptual and conceptual processing (Loftus & Ginn, 1984)

sess the effectiveness of artful deviation of perceptual and conceptual

suggests that the incongruity processing to visual input of a source

representations, as the identified brain region and activity strength can

item in a metaphorical relationship is temporally independent of the

reflect whether advertisement readers detect the mismatched features

conceptual difference. It is possibly reasonable to claim that for objects

in an implicit manner. As shown in the study, the most effective way

coming from the same and/or different conceptual categories, shape

to lead readers to detect the mismatch is to create a shape incongruity

dissimilarity facilitates finding conceptual differences at the electro-

between the source and the target, which will facilitate the processing
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of visual metaphors. The examination of advertisement attitude also

let decomposition to extract mismatch negativity of chil-

supported the findings.

dren. No.B8/2010, Series B. Scientific Computing: Reports of
Department Mathematical Information Technology, University
of Jyväskylä, Finland. Retrieved from http://users.jyu.fi/~fecong/

CONCLUSION

TechnicalReport.html

Incongruity plays an important role in the target-source matching
of pictorial advertising metaphors. By observing N270 as well as the
delta and theta band, the current study revealed the facilitating effect
that perceptual incongruity has on the detection of the target-source
discrepancy in pictorial metaphors. Future studies should investigate
how incongruity is processed at a later time so that a full panorama of
the processing mechanism of metaphorical incongruity in advertising
context can be revealed.

cessing on brain event-related potentials: filtering ERPs in time, frequency and space domains sequentially and simultaneously. World
Scientific.
Cui, L., Wang, Y., Wang, H., Tian, S., & Kong, J. (2000). Human brain
sub-systems for discrimination of visual shapes. Neuroreport, 11,
2415–2418. doi: 10.1097/00001756-200008030-00015
Davidson, D. J., & Indefrey, P. (2007). An inverse relation between
event-related and time–frequency violation responses in sentence processing. Brain Research, 1158, 81–92. doi: 10.1016/j.brain-

ACKNOWLEDGEMENTS
Funding. This work was supported by the National Social
Science Foundation of China under Grant Number 19BYY088.
Data availability. The raw data supporting the conclusions
of this manuscript will be made available by the authors, without
undue reservation, to any qualified researcher.
Author contributions. SC and HW designed the experiments
and wrote the paper. SC and HC conducted the experiments. GZ
analyzed the data. YW and AK proofread and polished the paper.
Conflict of interest statement. The authors declare that
the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential
conflict of interest.

res.2007.04.082
Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent component analysis. Journal of Neuroscience Methods, 134, 9–21. doi:
10.1016/j.jneumeth.2003.10.009
Demiralp, T., Ademoglu, A., Comerchero, M., & Polich, J. (2001).
Wavelet analysis of P3a and P3b. Brain Topography, 13, 251–267.
doi: 10.1023/A:1011102628306
Dent-Read, C. H., Klein, G., & Eggleston, R. (1994). Metaphor in visual
displays designed to guide action. Metaphor and Symbol, 9, 211–
232. doi: 10.1207/s15327868ms0903_4
Dien, J. (2010). The ERP PCA Toolkit: An open source program for advanced statistical analysis of event-related potential data. Journal
of Neuroscience Methods, 187, 138–145.

REFERENCES
Balconi, M., & Amenta, S. (2010). “A fighter is a lion”.
Neuropsychological indexes in comprehending frozen metaphors. Journal of Pragmatics, 42, 3246–3257. doi: 10.1016/j.
pragma.2010.06.016
Baslar, E., & Stampfer, H. G. (1985). Important associations among
EEG-dynamics, event-related potentials, short-term memory and
learning. International Journal of Neuroscience, 26, 161–180. doi:
10.3109/00207458508985615
Bastiaansen, M. C., Van Berkum, J. J., & Hagoort, P. (2002). Syntactic
processing modulates the θ rhythm of the human EEG. Neuroimage,
17, 1479–1492. doi: 10.1006/nimg.2002.1275
Bisley, J. W., & Pasternak, T. (2000). The multiple roles of visual cortical areas MT/MST in remembering the direction of visual motion.
Cerebral Cortex, 10, 1053–1065. doi: 10.1093/cercor/10.11.1053
Bridwell, D. A., Henderson, S., Sorge, M., Plis, S., & Calhoun, V. D.
(2018). Relationships between alpha oscillations during speech
preparation and the listener N400 ERP to the produced speech.
Scientific Reports, 8, 12838. doi: 10.1038/s41598-018-31038-9
Cao, S., Wang, Y., Chen, H., & Wang, H. (2018). The N1-N2-LPC pattern in
processing advertising pictorial metaphors: An ERP study. Frontiers
in Psychology, 9, 2566. doi: 10.3389/fpsyg.2018.02566
Cong, F., Kalyakin, I., Huang, Y., Huttunen-Scott, T., Li, H., Lyytinen,
H., & Ristaniemi, T. (2010). Frequency response based wave-

10

Cong, F., Ristaniemi, T., & Lyytinen, H. (2015). Advanced signal pro-

2019 • volume 16(1) • 1-12

Dien, J. (2012). Applying principal components analysis to eventrelated potentials: A tutorial. Developmental Neuropsychology, 37,
497–517. doi: 10.1016/j.jneumeth.2009.12.009
Dien, J., Beal, D. J., & Berg, P. (2005). Optimizing principal components
analysis of event-related potentials: matrix type, factor loading
weighting, extraction, and rotations. Clinical Neurophysiology, 116,
1808–1825. doi: 10.1016/j.clinph.2004.11.025
Eriksen, C. W., & O'Hara, W. P. (1982). Are nominal same-different
matches slower due to differences in level of processing or to response competition? Perception & Psychophysics, 32, 335–344. doi:
10.3758/BF03206239
Federmeier, K. D., & Kutas, M. (2002). Picture the difference:
Electrophysiological investigations of picture processing in the
two cerebral hemispheres. Neuropsychologia, 40, 730–747. doi:
10.1016/S0028-3932(01)00193-2
Forceville, C. (1994). Pictorial metaphor in advertisements. Metaphor
and Symbol, 9, 1–29. doi: 10.1207/s15327868ms0901_1
Franklin, M. S., Dien, J., Neely, J. H., Huber, E., & Waterson, L. D.
(2007). Semantic priming modulates the N400, N300, and
N400RP. Clinical Neurophysiology, 118, 1053–1068. doi: 10.1016/j.
clinph.2007.01.012
Gernsbacher, M. A., & Robertson, R. R. (1999). The role of suppression
in figurative language comprehension. Journal of Pragmatics, 31,

http://www.ac-psych.org

ADVANCES IN COGNITIVE PSYCHOLOGY

RESEARCH ARTICLE

1619–1630. doi: 10.1016/S0378-2166(99)00007-7

s00221-012-2998-7

Glenberg, A. M. (1997). Mental models, space, and embodied cogni-

Li, L., Wang, Y., Wang, H., Cui, L., & Tian, S. (2003). Event-related po-

tion. In T. B. Ward, S. M. Smith, & J. Vaid (Eds.), Creative thought: An

tential N270 and its distribution in adults and school-age children.

investigation of conceptual structures and processes (pp. 495–522).
American Psychological Association.

Brain and Development, 25, 507–513.
Liang, T., Hu, Z., Li, Y., Ye, C., & Liu, Q. (2017). Electrophysiological

Güntekin, B., & Başar, E. (2016). Review of evoked and event-related delta

correlates of change detection during delayed matching task: a

responses in the human brain. International Journal of Psychophysiology,

comparison of different references. Frontiers in Neuroscience, 11,

103, 43–52. doi: 10.1016/j.ijpsycho.2015.02.001

527. doi: 10.1016/S0387-7604(03)00059-7

Hald, L. A., Bastiaansen, M. C., & Hagoort, P. (2006). EEG theta and

Loftus, G. R., & Ginn, M. (1984). Perceptual and conceptual masking

gamma responses to semantic violations in online sentence

of pictures. Journal of Experimental Psychology: Learning, Memory,

processing. Brain and Language, 96, 90–105. doi: 10.1016/j.

and Cognition, 10, 435–441. doi: 10.1037/0278-7393.10.3.435

bandl.2005.06.007

Mandler, G. (1981). The structure of value: Accounting for taste In M.

Hamm, J. P., Johnson, B. W., & Kirk, I. J. (2002). Comparison of the N300
and N400 ERPs to picture stimuli in congruent and incongruent
contexts. Clinical Neurophysiology, 113, 1339–1350. doi: 10.1016/

S. Clark & S. T. Fiske (Eds.), Affect and cognition (pp. 3-36). Lawrence
Erlbaum Associates.
Mao, W., & Wang, Y. (2008). The active inhibition for the processing
of visual irrelevant conflict information. International Journal of

S1388-2457(02)00161-X
Hu, X., Sun, J., Cao, R., Yao, W., & Wang, M. (2014). The impact of the
perceptual similarity of concrete objects’shape in visual metaphor
processing. Acta Psychologica Sinica, 46, 607–620.

Psychophysiology, 67, 47–53. doi: 10.1016/j.ijpsycho.2007.10.003
Ma, Q., Hu, L., Xiao, C., Bian, J., Jin, J., & Wang, Q. (2016). Neural
correlates of multimodal metaphor comprehension: evidence

Kaplan, N. M. (1992). Pitfalls in the interpretation of pharma-

from event-related potentials and time-frequency decomposi-

coeconomic studies. PharmacoEconomics, 1, 303–305. doi:

tions. International Journal of Psychophysiology, 109, 81–91. doi:

10.2165/00019053-199201050-00001

10.1016/j.ijpsycho.2016.09.007

Keil, F. C. (1992). Concepts, kinds, and cognitive development. MIT Press.

McQuarrie, E. F., & Mick, D. G. (1992). On resonance: A critical pluralis-

Kong, J., Wang, Y., Zhang, W., Wang, H., Wei, H., Shang, H., ... &

tic inquiry into advertising rhetoric. Journal of Consumer Research,

Zhuang, D. (2000). Event-related brain potentials elicited by a
number discrimination task. Neuroreport, 11, 1195–1197. doi:
10.1097/00001756-200004270-00010
Kronland-Martinet, R., Morlet, J., & Grossmann, A. (1987). Analysis of

19, 180–197. doi: 10.1086/209295
McQuarrie, E. F., & Mick, D. G. (1996). Figures of rhetoric in advertising language. Journal of Consumer Research, 22, 424–438. doi:
10.1086/209459

sound patterns through wavelet transforms. International Journal

Mendoza-Halliday, D., Torres, S., & Martinez-Trujillo, J. C. (2014). Sharp

of Pattern Recognition and Artificial Intelligence, 1, 273–302. doi:

emergence of feature-selective sustained activity along the dor-

10.1142/S0218001487000205

sal visual pathway. Nature Neuroscience, 17, 1255. doi: 10.1038/

Kuperman, S., Porjesz, B., Arndt, S., Bauer, L., Begleiter, H., Cizadlo, T.,

nn.3785

... & Rohrbaugh, J. (1995). Multi-center N400 ERP consistency using

Meyers-Levy, J., & Tybout, A. M. (1989). Schema congruity as a basis

a primed and unprimed word paradigm. Electroencephalography

for product evaluation. Journal of Consumer Research, 16, 39–54.

and Clinical Neurophysiology, 94, 462–470. doi: 10.1016/0013-

doi: 10.1086/209192
Mick, D. G. (1992). Levels of subjective comprehension in advertis-

4694(94)00312-9
Kutas, M., & Hillyard, S. A. (1980, January). Reading senseless sen-

ing processing and their relations to ad perceptions, attitudes,

tences: Brain potentials reflect semantic incongruity. Science, 207,

and memory. Journal of Consumer Research, 18, 411–424. doi:

203–205. doi: 10.1126/science.7350657

10.1086/209270

Langley, C. M. (1996). Search images: Selective attention to specific visual

Miller, L. A., & Tippett, L. J. (1996). Effects of focal brain lesions on

features of prey. Journal of Experimental Psychology: Animal Behavior

visual problem-solving. Neuropsychologia, 34, 387–398. doi:

Processes, 22, 152–163. doi: 10.1037/0097-7403.22.2.152

10.1016/0028-3932(95)00116-6

Langley, M. M., Cleary, A. M., Kostic, B. N., & Woods, J. A. (2008). Picture rec-

van Mulken, M., van Hooft, A., & Nederstigt, U. (2014). Finding

ognition without picture identification: A method for assessing the role

the tipping point: Visual metaphor and conceptual complex-

of perceptual information in familiarity-based picture recognition. Acta

ity in advertising. Journal of Advertising, 43, 333–343. doi:

Psychologica, 127, 103–113. doi: 10.1016/j.actpsy.2007.03.001

10.1080/00913367.2014.920283

Levinson, S. C., & Levinson, S. C. (2003). Space in language and

Ortiz, M. J. (2010). Visual rhetoric: Primary metaphors and sym-

cognition: Explorations in cognitive diversity (Vol. 5). Cambridge

metric object alignment. Metaphor and Symbol, 25, 162–180. doi:

University Press.

10.1080/10926488.2010.489394

Liang, J., Yin, J., Chen, T., Chen, H., Ding, X., & Shen, M. (2012). Number

Peracchio, L. A., & Tybout, A. M. (1996). The moderating role of

representation is influenced by numerical processing level: An

prior knowledge in schema-based product evaluation. Journal of

ERP study. Experimental Brain Research, 218, 27–39. doi: 10.1007/

Consumer Research, 23, 177–192. doi: 10.1086/209475

11

2019 • volume 16(1) • 1-12

http://www.ac-psych.org

ADVANCES IN COGNITIVE PSYCHOLOGY

RESEARCH ARTICLE

Pieters, R., & Wedel, M. (2004). Attention capture and transfer in
advertising: Brand, pictorial, and text-size effects. Journal of
Marketing, 68, 36–50. doi: 10.1509/jmkg.68.2.36.27794
Rosch, E., Mervis, C. B., Gray, W. D., Johnson, D. M., & Boyes-Braem, P.
(1976). Basic objects in natural categories. Cognitive Psychology, 8,
382–439. doi: 10.1016/0010-0285(76)90013-X

Psychology, 13, 27–55. doi: 10.1016/0010-0285(81)90003-7
van Weelden, L., Maes, A., Schilperoord, J., & Cozijn, R. (2011). The
role of shape in comparing objects: How perceptual similarity
may affect visual metaphor processing. Metaphor and Symbol, 26,
272–298. doi 10.1080/10926488.2011.609093
Wang, J., Zhou, T., Qiu, M., Du, A., Cai, K., Wang, Z., ... & Chen, L. (1999).

Rugg, M. D. (1985). The effects of semantic priming and word rep-

Relationship between ventral stream for object vision and dorsal

etition on event‐related potentials. Psychophysiology, 22, 642–647.

stream for spatial vision: An fMRI+ ERP study. Human Brain Mapping,

doi: 10.1111/j.1469-8986.1985.tb01661.x

8, 170–181. doi: 10.1002/(SICI)1097-0193(1999)8:4<170::AID-

Sauseng, P., Griesmayr, B., Freunberger, R., & Klimesch, W. (2010).

HBM2>3.0.CO;2-W

Control mechanisms in working memory: a possible function of

Wang, Y., Cui, L., Wang, H., Tian, S., & Zhang, X. (2004). The sequen-

EEG theta oscillations. Neuroscience & Biobehavioral Reviews, 34,

tial processing of visual feature conjunction mismatches in the

1015–1022. doi: 10.1016/j.neubiorev.2009.12.006

human brain. Psychophysiology, 41, 21–29. doi: 10.1111/j.1469-

Scannella, S., Pariente, J., De Boissezon, X., Castel-Lacanal, E.,

8986.2003.00134.x

Chauveau, N., Causse, M., ... & Pastor, J. (2016). N270 sensitivity

Wang, Y., Kong, J., Tang, X., Zhuang, D., & Li, S. (2000). Event-related

to conflict strength and working memory: A combined ERP and

potential N270 is elicited by mental conflict processing in hu-

sLORETA study. Behavioural Brain Research, 297, 231–240. doi:

man brain. Neuroscience Letters, 293, 17–20. doi: 10.1016/S03043940(00)01480-4

10.1016/j.bbr.2015.10.014
Schmidt, G. L., & Seger, C. A. (2009). Neural correlates of metaphor pro-

West, W. C., & Holcomb, P. J. (2002). Event-related potentials dur-

cessing: The roles of figurativeness, familiarity and difficulty. Brain

ing discourse-level semantic integration of complex pictures.

and Cognition, 71, 375–386. doi: 10.1016/j.bandc.2009.06.001

Cognitive Brain Research, 13, 363–375. doi: 10.1016/S0926-

Siegel, M., Donner, T. H., & Engel, A. K. (2012). Spectral fingerprints of
large-scale neuronal interactions. Nature Reviews Neuroscience, 13,
121–134. doi: 10.1038/nrn3137
Smid, H. G., Jakob, A., & Heinze, H. J. (1999). An event-related brain

6410(01)00129-X
Yang, J., & Wang, Y. (2002). Event-related potentials elicited by stimulus spatial discrepancy in humans. Neuroscience Letters, 326, 73–76.
doi: 1 0.1016/S0304-3940(02)00204-5

potential study of visual selective attention to conjunctions of

Zhang, G., Tian, L., Chen, H., Li, P., Ristaniemi, T., Wang, H., ... & Cong,

color and shape. Psychophysiology, 36, 264–279. doi: 10.1017/

F. (2017). Effect of parametric variation of center frequency and

S0048577299971135

bandwidth of morlet wavelet transform on time-frequency

Snodgrass, J. G., Hirshman, E., & Fan, J. (1996). The sensory match ef-

analysis of event-related potentials. In Y. Jua & W. Zhang (Eds.),

fect in recognition memory: Perceptual fluency or episodic trace?

Proceedings of 2017 Chinese Intelligent Systems Conference (pp.

Memory & Cognition, 24, 367–383. doi: 10.3758/BF03213300

693-702). Springer.

Stampfer, H. G., & Baslar, E. (1985). Does frequency analysis

Zhang, Y., Wang, Y., Wang, H., Cui, L., Tian, S., & Wang, D. (2001).

lead to better understanding of human event related poten-

Different processes are involved in human brain for shape and

tials. International Journal of Neuroscience, 26, 181–196. doi:

face comparisons. Neuroscience Letters, 303, 157–160. doi: 10.1016/

10.3109/00207458508985616

S0304-3940(01)01700-1

Stayman, D. M., Alden, D. L., & Smith, K. H. (1992). Some effects of

Zwaan, R. A., Stanfield, R. A., & Yaxley, R. H. (2002). Language compre-

schematic processing on consumer expectations and disconfirma-

henders mentally represent the shapes of objects. Psychological

tion judgments. Journal of Consumer Research, 19, 240–255. doi:

Science, 13, 168–171. doi: 10.1111/1467-9280.00430

10.1086/209299
Sujan, M. (1985). Consumer knowledge: Effects on evaluation strategies mediating consumer judgments. Journal of
Consumer Research, 12, 31–46. doi: 10.1086/209033
Szubielska, M., Bałaj, B., & Fudali-Czyż, A. (2012). Estetyczny odbiór
fotografii poprzez stereotyp umysłowej niepełnosprawności

RECEIVED 24.07.2019 | ACCEPTED 05.12.2019

twórcy [Aesthetic reception of photographs through the
stereotype of mental impairment of the author]. Psychologia
Społeczna, 4, 342–357.
Tallon-Baudry, C., Bertrand, O., Delpuech, C., & Pernier, J. (1996).
Stimulus specificity of phase-locked and non-phase-locked
40 Hz visual responses in human. Journal of Neuroscience, 16,
4240–4249. doi: 10.1523/JNEUROSCI.16-13-04240.1996
Tourangeau, R., & Sternberg, R. J. (1981). Aptness in metaphor. Cognitive

12

2019 • volume 16(1) • 1-12

http://www.ac-psych.org

