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Purpose: The normalization of epidemic prevention and control triggered a fierce scuffle in 
the e-commerce of fresh food, as well as for aquatic products online shopping. The main 
difficulty for consumers to buy fresh food online has always been information asymmetry. 
Previous study reported that the image is still the primary information source to address 
information asymmetry. Yet, few studies have focused on the image presentation of aquatic 
products in e-commerce. The current study aims to probe the effect of perceived movement 
of e-commerce pictures on purchase intention of aquatic products. Further, we examine how 
consumers’ cognitive conflict and emotion occur when purchasing specific aquatic products 
with different image dynamism.
Methods: Twenty-eight subjects participated in an experiment with a 2-level product 
category (fresh vs frozen) × 2-level image dynamism (static vs dynamic) design. During 
the experiment, participants were asked to rate their purchase intention after they browse the 
experimental stimulus. We recorded subjects’ electroencephalograms (EEGs) throughout the 
experiment.
Results: Behaviorally, participants’ purchase intention for the dynamic image was signifi-
cantly greater than that for the static image, regardless of aquatic product categories. At the 
neural level, we found that dynamic image produced less cognitive conflict and aroused 
consumers’ positive feelings, which were reflected in decreased N2 amplitudes and latency 
as well as increased LPP (late positive potential) amplitude, respectively. This effect was 
enhanced for fresh aquatic products.
Conclusion: Although picture dynamism only increases perceived movement, it can still 
induce positive emotions toward the product and lead to a greater purchase intention. The 
current study emphasized the value of the neuroscience method in revealing consumer 
cognition and emotion duration product evaluation.
Keywords: image dynamism, ERPs, N2, LPP, aquatic product, purchase intention

Introduction
Due to the sudden epidemic, the e-commerce of fresh products transactions reached 
182.12 billion yuan in the first half of 2020, representing an increase of 
137.6% year-on-year and exceeding the entire year of 2019. Unlike traditional 
offline transactions, consumers are spatially separated from products when buying 
fresh food online. This separation inevitably leads to asymmetric information 
between buyers and sellers. It has been reported that information asymmetry is 
the main difficulty for consumers in making purchasing decisions to buy fresh food 
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online, and it has become the main reason why it is hard to 
establish trust relationships between platform merchants 
and users.1

Compared with traditional e-commence markets, since 
the e-commerce of fresh products is a rising trend, only 
a few scholars have studied this domain. The current 
research content is mainly about consumer safety 
awareness,2 consumer confidence in food quality,3 con-
sumption security concerns,4 the reliability of logistics 
systems5 and consumers’ willingness to pay for organic 
fresh products.6 There are also some studies on aquatic 
product e-commerce. For instance, Fabinyi et al (2016) 
investigated the aquatic product consumption patterns and 
attitudes towards sustainable development of 300 aquatic 
product consumers in Beijing and Shanghai.7 Hu et al 
(2014) surveyed targeting university students about perso-
nal consumption preferences for aquatic products.8 

Besides, Zhang proposed an improved BP neural network 
to forecast the aquatic product export volume.9 However, 
no study has focused on the image presentation of aquatic 
products in e-commerce, although the image is still the 
main information source to address information 
asymmetry.

From the perspective of vividness, studies mostly 
divided product image presentation into dynamic and sta-
tic presentation.10 Dynamic presentation simulates the 
position change and rotation of objects, which present 
the moving of objects.11,12 Static presentation refers to 
static and fixed objects. It was reported that dynamic and 
static presentation of product picture will greatly influence 
consumer attitudes and behaviors, by helping consumers 
identify and judge the objects’ visual attributes.11,12 

Specifically, compared to static presentations, dynamic 
presentations can enhance consumers’ attention,13 influ-
ence consumers satisfaction,14 and improve product eva-
luation by helping boost consumers’ imagination and 
processing of products.10 Therefore, we proposed that the 
image dynamism of aquatic product may affect online 
consumers’ decisions. Specifically, we investigated consu-
mers’ purchase intention and attitude toward dynamically 
and statically presented aquatic product pictures for fresh 
and frozen food.

Recently, noninvasive neuroscience technology has 
been a rapid development. Event-related potentials 
(ERPs), as an essential neuroscience method, were widely 
used to measure human cognitive and emotional processes. 
These neuroscience methods are believed to capture the 
information that cannot be obtained by self-report based 

scales and interviews.15 Therefore, the current study 
intends to employ ERPs to investigate the cognitive and 
emotional processes of consumers during their evaluation 
of online aquatic product pictures.

According to previous marketing-related neuroscience 
studies, N2 and LPP (Late positive potential) are two 
commonly examined ERPs components.16–18 N2 is 
a typical negative ERP component that reaches its peak 
at approximately 250–350 ms after the onset of a stimulus 
and reaches its maximum in frontal areas.19 N2 was first 
found in the go/no-go paradigm and was explained as 
related to cognitive control.19 For example, Eimer (1993) 
found the no-go stimulus can elicit a larger N2 amplitude 
than the go stimulus in a go/no-go task.20 Furthermore, the 
N2 component is also found and explained to reflect cog-
nitive control in the consumer neuroscience studies.21–23 

Shang et al (2017) work examined the different brain 
activity when evaluating the product with or without social 
risk, which found the social risk condition elicited larger 
N2 amplitude than the condition without social risk. The 
authors explained that conflict control was caused by the 
conflict between an inherent desire to purchase the product 
and discordant information from social interaction, which 
reflected in the larger N2 amplitude.23 Additionally, the 
latency of N2 component was reported to be a useful index 
for tracking the timing to evaluate a stimulus,24,25 and 
more conflict condition elicits longer latency.19 In the 
current study, we considered that a dynamic product 
image might also influence consumers’ evaluation of the 
product. Accordingly, we hypothesized that static image 
will produce greater cognitive control during the evalua-
tion of aquatic products and elicit a larger N2 (negative 
polarity) than dynamic image. As for N2 latency, we 
expect to observe a greater discrepancy between fresh 
and frozen aquatic products condition, since it is signifi-
cantly related to the conflict condition.19 Particularly, com-
pared to static image, dynamic image may enhance 
consumers’ engagement and evaluations of products.26 

Moreover, consumers may expect the fresh aquatic pro-
ducts to be more alive, bouncing, and dynamic than frozen 
aquatic products. Due to these, they may perceive greater 
conflicts when encountering static image when purchasing 
fresh aquatic products, compared to dynamic image. 
However, this effect may not happen when purchasing 
frozen aquatic products, since this product give consumers 
a sense of stillness. Thus, we hypothesized that static 
image would elicit a longer N2 latency for fresh aquatic 
products than dynamic image. Furthermore, we expected 
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no N2 latency difference between the static and dynamic 
image for the frozen aquatic product condition.

LPP is a late-stage ERP component, which reaches its 
peak between 300 and 800 ms after the onset of a stimulus-
27 and is also a commonly examined ERP component. It 
was reported that LPP is sensitive to the cognitive process 
of emotion regulation,16,28–30 and a larger LPP amplitude 
indicates stronger emotional arousal.18 Thus, given the 
emotional arousal sensitivity of LPP, in the current study, 
we proposed that LPP represents an emotional regulation 
process for the product picture in the later evaluation 
stage. We supposed that the LPP amplitude might be larger 
for dynamic image products than for static products.

In this study, ERP technology was applied to explore 
consumers’ underlying cognitive mechanisms when mak-
ing purchase decisions for aquatic products with static vs 
dynamic dynamism in online shopping. Based on the 
above discussed, we hypothesized that the picture dyna-
mism of aquatic products might induce different brain 
activity, which would be found in distinctions in N2 and 
LPP amplitudes. Furthermore, because the N2 latency can 
also reflect the conflict, we posited that a static product 
would elicit a longer N2 latency than the dynamic image 
condition for fresh products. In contrast, for the frozen 
product condition, there would be no N2 latency difference 
between static and dynamic image.

Materials and Methods
Participants
We recruited thirty (15 female) healthy graduate and 
undergraduate students from Ningbo University with 
ages ranging from 18–25 (M=20.53, S.D.= 1.89) in the 
current experiment. All the subjects were right-handed 
native Chinese speakers with normal or corrected vision 
and no history of neurological or psychiatric diseases. 
Data from two male participants were removed due to 
excessive artifacts. Artifacts are signals recorded by EEG 
but not generated by brain, such as eye movements, myo-
genic, shivering, sniffling, and hiccupping. To remain use-
ful ERPs signals, we use several artifact removal 
techniques to reject and correct artifacts. Excessive arti-
facts will lose a lot of useful ERP signals. Thus, a total of 
28 valid participants were left in this experiment. Each 
subject received 40 yuan as a participant fee after finishing 
the experiment. Before the formal experiment, we asked 
participants to write an informed consent. The study was 
conducted in accordance with the ethical standards of the 

institutional research committee and with the 1964 
Helsinki Declaration and its later amendments or compar-
able ethical standards31 and was approved by the internal 
review committee of the Academy of Neuroeconomics and 
Neuromanagement at Ningbo University.

Materials
The current study employed a 2×2 within-subjects designs. 
The first factor referring to aquatic product categories 
(fresh vs frozen) and the second factor referring to image 
dynamism (static vs dynamic). There are two kinds of 
aquatic products in real marketing places, eg, fresh and 
frozen. For image dynamism, a pilot study was employed 
to screen static and dynamic aquatic product pictures. We 
downloaded 60 different pictures of aquatic products from 
the internet, including common aquatic product categories, 
such as fish, shrimp, crab. Then, 32 participants recruited 
from Ningbo University were asked to rate the dynamism 
of each picture. Twenty dynamic (M=4.880, S.D.=0.367) 
and twenty static pictures (M=3.422, S.D.=0.408) were 
chosen. A pairwise t-test was conducted for the dynamism 
of these two groups of pictures, which showed 
a significant difference between them [t(1,31)=11.508, 
p<0.001]. This experiment contained 160 trials, separated 
into 4 blocks of 40 trials. All trials were presented ran-
domly in each block. We set the size of each picture to 
270×360 pixels, and unified the background as gray.

Procedures
A dim, sound-attenuated, electrically shielded room was 
used for this experiment. The experimental stimuli were 
presented in the middle of a computer-controlled monitor 
(1280 × 1024 pixels, 60 Hz). This monitor was display at 
a distance of 100 cm from the subject and with a visual 
angle of 2.588°. A keypad was provided to subjects to 
make a purchase intention rating (press 1 to decrease, 
press 3 to increase and press 2 to confirmation). All the 
participants were provided a brief introduction to the 
experimental process before the formal experiment started. 
We started the formal experiment after they understood the 
process.

Each trial began with a fixation cross for 600–800 ms 
on a blank screen (see Figure 1). Next, an image with 
a product category (fresh vs frozen) appeared for 1500 
ms, followed by a blank screen for 400–600 ms. The 
product picture (static vs dynamic) was subsequently 
shown for 1500 ms. Then, the sentence “Please rate 
your purchase intention” appeared, and the participants 
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had to rate their purchase intention from 1 “very low” to 
5 “very high” by pressing a button. Each trial ended with 
the subjects press the button. We asked participants to 
minimize eye and muscle movement during the experi-
ment. All the stimulus presentation, triggers and 
response recording were based on the E-Prime 3.0 soft-
ware package (Psychology Software tools, Pittsburgh, 
PA, USA). Before the formal experiment, participants 
were allowed to conduct 8 practice trials to ensure 
them familiar with the experimental procedure.

EEG Data Recording and Analysis
We used a Neuroscan Synamp2 Amplifier (Curry8, 
Neurosoft Labs, Inc., Virginia, USA) to record 
Electroencephalograms (EEGs) with a bandpass of 0.05– 
100 Hz and a sampling rate of 500 Hz. According to the 
extended international 10–20 system, we placed sixty-four 
Ag/AgCl electrodes at scalp sites. The reference site was 
placed on the left mastoid, and the ground site was placed 
on an electrode between PFz and Fz on the forehead. 
A pair of electrodes placed above and below the left eye 
parallel to the pupil recorded the vertical electrooculo-
grams (EOGs), and another pair of electrodes placed 
10 mm from the lateral canthi recorded horizontal EOGs. 

We started recording the EEG data after all the electrode 
impedances were maintained below 5 kΩ.

Curry 8 (Neurosoft Labs, Inc., Virginia, USA) was also 
employed in the data analysis stage. We transferred the 
reference from the left mastoid to the bilateral mastoid. We 
corrected the EOG artifacts according to the method pro-
posed by Semlitsch et al (1986).32 EEG data were digitally 
low-pass filtered at 30 Hz (24 dB/octave). Then, the data 
were segmented from 200 ms before the onset of the 
product picture to 800 ms after the onset, with the first 
200 ms prestimulus used as a baseline. For artifact correc-
tion, some trials that contained amplifier clipping, bursts of 
electromyography activity, or peak-to-peak deflection 
exceeding ±100 μV were excluded. The EEG epochs 
were averaged for four conditions (fresh-static, fresh- 
dynamic, frozen - static, frozen - dynamic) for each 
participant.

Based on the guidelines proposed by Picton et al33 the 
mean amplitude and latency of the N2 at the time windows 
220–320 ms and 200–400 ms after the onset of the product 
picture were analyzed. Six electrodes (F1, Fz, F2, FC1, FCz, 
and FC2) in the frontal area were chose for the N2 analysis. 
Then, within-subjects repeated-measures ANOVA for the 
N2 amplitude and latency was performed with 2 product 
categories (fresh vs frozen) × 2 image dynamism (static vs 

Figure 1 A single trial of the experimental procedure. Participants were instructed to report their purchase intention toward four kinds of aquatic products (fresh-static, 
fresh-dynamic, frozen-static and frozen-dynamic) on a 5-point scale. Electroencephalograms (EEGs) were recorded from the subjects throughout the experiment.
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dynamic) × 6 electrodes (F1, Fz, F2, FC1, FCz, and FC2). 
Similarly, for the LPP analysis, the mean amplitude and 
latency in the 520–620 ms and 500–700 ms time windows 
after product picture onset and six electrodes (CP1, CPz, 
CP2, P1, Pz, and P2) in the central-parietal area were chosen 
in the statistical analysis. Repeated-measures ANOVA for 
LPP amplitude and latency was also performed with 2 
product categories (fresh vs frozen) × 2 image dynamism 
(static vs dynamic) × 6 electrodes (CP1, CPz, CP2, P1, Pz, 
and P2). We applied the Greenhouse-Geisser correction 
when the assumption of sphericity was violated.34 

A simple effect analysis would be conducted when an inter-
action effect was significant.

Results
Behavioral Results
A 2 aquatic product categories (fresh vs frozen) × 2 image 
dynamism (static vs dynamic) repeated-measures ANOVA 
of purchase intention was conducted, and the results 
revealed that there were significant main effects for aqua-
tic product categories [F (1, 27) =16.675, p < 0.001, 
η2=0.382] and that the effect of image dynamism was 
significant [F (1, 27) = 16.297, p < 0.001,η2=0.3762]. 
The mean purchase intention for fresh aquatic products 

(M = 3.158, S.E. = 0.081) was higher than that for frozen 
aquatic products (M =2.721, S.E. = 0.068), and the mean 
purchase intention for dynamic image (M = 3.129, S.E. = 
0.072) was higher than that for static image (M = 2.750, S. 
E. = 0.069). The behavioral results are shown in Figure 2.

The interaction effect between aquatic product categories 
and image dynamism was also significant [F (1, 27) = 
12.622, p = 0.001,η2=0.319]. Hence, we further conducted 
a simple effects analysis to determine the effects of different 
types of image dynamism with fixed product categories. In 
the fresh aquatic product condition, there was a main effect 
of image dynamism [F (1, 27) = 23.802, p < 0.001, 
η2=0.469]. The mean purchase intention for the dynamic 
image (M = 3.405, S.E. = 0.101) was higher than that for 
the static image (M = 2.911, S.E. = 0.090). In the frozen 
aquatic product condition, there was also a significant main 
effect of image dynamism [F (1, 27) = 7.373, p = 0.011, 
η2=0.215]. The mean purchase intention for the static image 
(M = 2.589, S.E. = 0.081) was lower than that for the 
dynamic image (M = 2.854, S.E. = 0.086).

N2 Results
We conducted a three-way 2 aquatic product categories 
(fresh vs frozen) × 2 image dynamism (static vs dynamic) 

Figure 2 Behavioral results. Purchasing intention of four conditions (fresh-static, fresh-dynamic, frozen-static and frozen-dynamic).***p< 0.001.
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x 6 (electrodes) repeated-measures ANOVA analysis for the 
N2 amplitude. Results showed no significant main effect for 
aquatic product categories [F (1, 27) < 1, p> 0.1,η2< 0.1] and 
also not an interaction effect between aquatic product cate-
gories and image dynamism [F (1, 27) < 1, p> 0.1,η2< 0.1]. 
However, we observed a significant main effect for image 
dynamism [F (1, 27) = 45.735, p< 0.001,η2=0.629]. It 
showed that the static aquatic product (M = −3.044 µV, S. 
E. = 0.993) induced larger N2 amplitude (negative polarity: 
a smaller voltage value means a larger amplitude) than the 
dynamic aquatic product (M = −1.153 µV, S.E. = 1.047), as 
shown in Figure 3A.

Furthermore, the three-way 2 aquatic product categories 
(fresh vs frozen) × 2 image dynamism (static vs dynamic) x 6 
(electrodes) repeated-measures ANOVA for N2 latency was 
conducted. The main effect for either the aquatic product 
categories [F (1, 27) < 1, p> 0.1,η2< 0.1] or image dynamism 
[F (1, 27) = 2.051, p =0.164,η2< 0.1] was no significant. 
However, we found a significant interaction effect between 
aquatic product categories and image dynamism [F (1, 27) = 
4.774, p = 0.038,η2=0.150]. To examine this interaction, 
a simple effects analysis was conducted. When the aquatic 
product category was related to a fresh product, the effect of 
image dynamism was significant [F (1, 27) = 5.169, p = 0.031, 
η2=0.161]. The results suggested that static image (M = 
310.129 ms, S.E. = 7.776) elicited a longer N2 latency com-
pared to dynamic image (M = 289.024 ms, S.E. = 10.308). 
However, for the frozen product condition, the difference of 
N2 latency between static and dynamic image was not found 
[F (1, 27) <1, p> 0.1,η2<0.1], as shown in Figure 3B.

LPP Results
A three-way 2 aquatic product categories (fresh vs frozen) 
× 2 image dynamism (static vs dynamic) x 6 (electrodes) 
repeated-measures ANOVA was conducted for LPP. No 
significant main effect was identified for either the aquatic 
product category [F (1, 27) <1, p> 0.1,η2<0.1] or the 
interaction effect between the aquatic product category 
and image dynamism [F (1, 27) <1, p> 0.1,η2<0.1]. 
Moreover, the main effect of image dynamism was sig-
nificant [F (1, 27) = 5.189, p = 0.031,η2=0.161]. It showed 
that dynamic image (M = 8.075µV, S.E. = 0.836) elicited 
a larger LPP amplitude than the static image condition (M 
= 7.050 µV, S.E. = 0.841), as shown in Figure 4A.

A similar three-way 2 aquatic product categories (fresh 
vs frozen) × 2 image dynamism (static vs dynamic) x 6 
(electrodes) repeated-measures ANOVA was conducted for 
the LPP latency. It showed no significant main effect for the 
aquatic product category [F (1, 27) = < 1, p> 0.1,η2<0.1] and 
the interaction effect between the aquatic product category 
and image dynamism [F (1, 27) = < 1, p> 0.1,η2<0.1]. But 
found a significant main effect for image dynamism [F (1, 
27) = 9.716, p = 0.004,η2=0.265]. It showed that dynamic 
image (M = 586.256 ms, S.E. = 11.364) had longer LPP 
latency than static image (M = 561.887 ms, S.E. = 11.490), 
as shown in Figure 4B. Table 1 summarized the results of 
behavioral and ERPs.

Discussion
By employing the ERP method, the present study probed 
neurocognitive processes associated with consumers’ 

Figure 3 N2 results. (A) Grand-averaged ERP waveforms at channel FCz for four conditions (fresh-static, fresh-dynamic, frozen-static and frozen-dynamic). Shaded areas 
indicate the time window of the N2 (220–320 ms) used for statistical analysis. (B) The N2 latency comparison among four conditions.*p< 0.05.
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evaluation and behavior toward fresh and frozen aquatic 
products with static and dynamic image. Behaviorally, 
participants’ purchase intention for fresh aquatic products 
was significantly greater than that for frozen aquatic pro-
ducts, which is in line with previous studies that suggested 
that participants prefer to buy fresh aquatic food.35,36

More importantly, we found that the mean purchase 
intention for dynamic image was higher than that for 
static products, and the preference for picture dyna-
mism was stronger for the fresh aquatic product con-
dition than for the frozen aquatic product condition. At 
the brain level, we found that the static image elicited 
a larger N2 than the dynamic image. For the N2 
latency, in the fresh product condition, static image 
elicited a longer N2 latency compared to dynamic 
image. However, in the frozen product condition, 
there was no N2 latency difference between static and 
dynamic image. As we stated in the introduction, 
a larger N2 amplitude and longer latency indicates 
more conflict of the stimuli. The current results showed 
greater conflict for the static image, especially for the 
fresh aquatic product. This result is consistent with our 
behavioral results.

Several studies have focused on the effect of 
dynamic imagery and perceived movement on consu-
mers’ feeling and behavior. It has been reported that 
picture dynamism can increase participants’ engage-
ment and perceived movement, which can influence 
consumer evaluations of product.26 Previous studies 
interpreted this as the continuity of motion that 

individuals can imagine from a still line drawing.13 

This is also confirmed by neuroscientific evidence, 
with the fact that observing action and imagining 
motion active the same brain regions.37–40 This result 
suggested that the brain can perceive movement even 
when there is no actual movement. Therefore, the 
effect of perceived movement on behavior may be 
similar with actual movement. These effects occur 
because we have perceived the motion of the product 
in our past experiences, and we can continue this 
motion from our memory when encounter the dynamic 
picture.41 In the current study, past experiences in 
memory showed that fresh aquatic products move 
much more than frozen aquatic products, which 
resulted in a stronger effect of dynamic preference for 
fresh aquatic products.

We also found a larger LPP amplitude for dynamic 
image is larger than that of the static image condition. 
As we mentioned in the introduction, LPP amplitude 
can reflect the degree of emotional arousal for stimuli. 
The current results showed that the dynamic product 
image aroused stronger emotions than the static pro-
duct image. This is consistent with previous studies 
that suggested that image dynamism can increase con-
sumer engagement42,43 and evoke their positive 
emotions.44

Conclusion
In summary, by employing ERP technology, the current 
study provided neurophysiological evidence for consumers’ 

Figure 4 LPP results. (A) Grand-averaged ERP waveforms at channel CPz for four conditions (fresh-static, fresh-dynamic, frozen-static and frozen-dynamic). Shaded areas 
indicate the time window of the LPP (520–620 ms) used for statistical analysis. (B) The LPP latency comparison between static and dynamic product conditions. **p< 0.01.
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preference and positive emotions toward dynamic aquatic 
product pictures. Specifically, we found that the dynamic 
image produced less cognitive conflict and aroused consu-
mers’ positive feelings, which were reflected in decreased 
N2 amplitudes and latency as well as increased LPP ampli-
tude. The current findings further suggested that although 
dynamism only increases perceived movement, it can still 
induce positive emotions toward the product and lead to 
a greater purchasing intention. Besides, this study empha-
sized the value of neuroscientific methods in revealing con-
sumers’ (implicit) cognition and emotions.
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Table 1 The Results of Behavioral and ERPs

Behavioral Results 
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ME-PC Fresh-AP > Frozen-AP

ME-ID DI > SI

Interaction Effect Fresh-AP DI > SI

Frozen-AP DI > SI

ERPs results N2 N2 amplitude ME-PC N/A

ME-ID SI > DI

Interaction effect N/A

N2 latency ME-PC N/A

ME-ID N/A
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