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During the decision-making process, consumers notice, inspect, and visually scan different 
products. External characteristics of a product, such as design, packaging, label, and 
logo, have been shown to strongly influence how customers perceive, assess, and select 
a product. Marketers have put a lot of effort into determining the factors that trigger 
consumers’ visual attention toward products, using traditional research methods, self-
reports, or observations. The use of neuroscientific tools to study consumer behavior may 
improve our understanding of how external characteristics influence consumers’ visual 
attention. Consumer neuroscience research shows that preferences for a product may 
already be  reflected in brain activity before customers make a final decision. Using 
electroencephalography (EEG), we  investigated whether the design of different wine 
labeling influences individual preferences, reflected in the neural activity related to visual 
attention. More specifically, we examined whether the posterior contralateral negativity 
(PCN) can be used to assess and predict consumers’ preferences for a specific product 
based on its external characteristics. The PCN is commonly used to estimate attentional 
selection by focusing on stimulus-side dependent EEG lateralization above parieto-
occipital areas. We computed the PCN to assess whether a certain wine label caught 
participants’ visual attention and additionally by comparing the PCN with behavioral data 
(wine preferences and reaction times) to determine whether early effects of visual attention 
could predict participants’ final preferences for a specific label. Our findings indicate that 
the PCN provides relevant information on visual attention mechanisms for external 
characteristics, as the view of the four labels modulated PCN amplitude. We hope this 
study can help researchers and practitioners in examining the effects of external product 
characteristics on consumer choice by estimating the changes in the EEG that are related 
to visual attention.

Keywords: consumer neuroscience, neuromarketing, EEG, visuospatial attention, extrinsic cues, posterior 
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INTRODUCTION

A product’s external characteristics (or extrinsic cues) refer to 
any product features that can be manipulated without changing 
the essential attributes of the product (Olson and Jacoby, 1972; 
Veale and Quester, 2009; Jaafar et  al., 2012; Yan et  al., 2019). 
In marketing, external characteristics (e.g., brand, label, country 
of origin, and price) are often used to positively influence the 
consumer’s product quality perception (e.g., being cheap or 
expensive, hedonic or utilitarian, and safe or unsafe) (Veale 
and Quester, 2009; Abdullah et al., 2013; Spence, 2016; Ardeshiri 
and Rose, 2018; Yan et al., 2019). Studies suggest that consumer 
preferences for a product can be  strongly influenced by its 
external characteristics (Pechmann and Ratneshwar, 1992; Lans 
et al., 2001; Lange et al., 2002; Bredahl, 2003; Veale and Quester, 
2009). Researchers identified three conditions in which consumer 
preferences for a product are strongly affected by its external 
characteristics: (1) when consumers are not familiar with the 
product (2) when consumers do not have access to the internal 
attributes of the product, and (3) when consumers do not 
have enough knowledge to assess the quality of a product 
(Zeithaml, 1988; Underwood et al., 2001; Mueller and Szolnoki, 
2010; Risius et al., 2019). Thus, the product external characteristics 
are very important in situations where the product is unknown 
to the consumer, or consuming the product is not possible 
before purchasing it and when assessing product quality is 
directly related to the consumers’ expertise about it. This 
condition is very common for beverage products, like wine. 
Research suggests that most wine consumers are forced to 
choose the wine based on its external characteristics (Tang 
et  al., 2015).

Consumers might face one or more of the above-described 
situations while purchasing a bottle of wine: Consumers might 
not know the type of wine they are purchasing, they might 
be  exposed to a large product assortment, and in most cases, 
it is not possible to taste the wine prior to purchase (Tang 
et  al., 2015). They might also lack the knowledge on how to 
assess the quality of wine, even if they can taste it. Literature 
suggests that the label is among the most important external 
characteristics for wine choice (Thomas and Pickering, 2003; 
Goodman et al., 2005; Grunert, 2005; Cohen, 2009; Tang et al., 
2014, 2015; Latiff et  al., 2015). Wine labels are known to 
strongly influence consumer preferences and purchase decision-
making (Thomas and Pickering, 2003; Grunert, 2005; Mueller 
and Lockshin, 2008; Orth and Malkewitz, 2008; Cohen, 2009; 
Latiff et  al., 2015; Tang et  al., 2015; Barwich, 2017). Gluckman 
(1986) identified that consumers perceive wine labels as one 
of their primary sources of information. Consumers rely on 
the label to collect important information about the wine, 
such as its country of origin, grape variety, year of production, 
and producer (Tootelian and Ross, 2000; Lange et  al., 2002; 
Thomas and Pickering, 2003; Goodman et  al., 2005; Hall and 
Mitchell, 2008; Tang et  al., 2015).

Beyond the legal requirements that must be  printed on a 
label for the product to be  sold, the design of a label can 
suggest and communicate a lot of information about a wine. 
It can make the wine look expensive (even if it is not), appear 

fresh, and modern, or suggest a certain taste. In many cases, 
the label design and information provided offers reassurance 
that the wine will provide value for money in terms of 
performance and quality (Thomas and Pickering, 2003; Barber 
et  al., 2006, 2007). Two important classifications of wine label 
designs are the “traditional” and the “modern/contemporary” 
labels (Batt and Dean, 2000; Boudreaux and Palmer, 2007; 
Hall and Mitchell, 2008; Elliot and Barth, 2012; Larson, 2012). 
Elliot and Barth (2012) noted that in the United States, modern, 
innovative, and distinctive labels are more attractive to younger 
consumers compared to the older consumers (who prefer more 
traditional styles). Other studies suggest that French consumers, 
whether young or old, novice or expert, still prefer wine with 
traditional labels in order to reduce perceived risk (Celhay 
and Trinquecoste, 2015).

Marketers often use techniques like observation, focus groups, 
and questionnaires to study consumers’ preferences for wine 
labels (Lange et  al., 2002; Barber et  al., 2006; Elliot and Barth, 
2012; Celhay and Trinquecoste, 2015). However, traditional 
marketing techniques cannot always give an accurate and 
objective understanding of consumer behavior during wine 
selection (Ariely and Berns, 2010; Babiloni et  al., 2014; Alvino 
et  al., 2018, 2019b). In recent years, the rapid advance in 
neuroscience research has made it possible to use neuroscientific 
tools for business purposes. The use of neuroscientific techniques 
and tools for marketing purposes is known as Consumer 
Neuroscience or Neuromarketing.1 In our paper, the term 
Consumer Neuroscience is preferred. Consumer Neuroscience 
helps both researchers and practitioners to investigate how 
cognitive processes originate in the brain and identify the brain 
areas involved in the explication of cognitive functions underlying 
marketing-relevant behavior (Alvino et  al., 2020). Consumer 
Neuroscience research addresses marketing-related issues such 
as advertising, branding, product experience, online experience, 
product development, and product pricing (Clement et  al., 
2017; Alvino et  al., 2019a, 2020; Ma et  al., 2019a,b; Sung 
et  al., 2019; Ciceri et  al., 2020; Fan et  al., 2020; Hu et  al., 
2020; Yu et  al., 2020; Liu et  al., 2021).

Consumer Neuroscience can help companies to design and 
develop more successful and desired products by studying 
consumers’ physiological and neurophysiological responses to 
a product’s external characteristics, such as a label. Attention 
can be  defined as the ability to focus on certain aspects of 
the environment while ignoring other information (Venkatraman 
et  al., 2015). In particular, attention in the market field is the 
degree to which consumers focus on a stimulus, a prerequisite 
for information processing and, therefore, a key step in the 
consumer’s decision-making process (Varela et al., 2014; Krucien 

1 In the literature, we  find different classifications of Neuromarketing and 
Consumer Neuroscience research (Lee et  al., 2006; Hubert and Kenning, 2008; 
Plassmann et  al., 2010; Ramsøy, 2014). Consumer neuroscience research can 
be  defined as the study of neuropsychological mechanisms that support and 
lead consumer decision making and behaviour (Alvino et  al., 2020), while 
Neuromarketing is the application of neuroscientific methods for conducting 
company-specific market research (Hubert and Kenning, 2008). Thus, Consumer 
Neuroscience is considered as a scientific approach, while Neuromarketing is 
the application of Neuroscience methods to sell products.
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et  al., 2017; García-Madariaga et  al., 2019). As a consumer’s 
attention toward a product is reflected in the neural processing 
of visual stimuli (Stasi et  al., 2018; Alvino et  al., 2019b; 
Karmarkar and Plassmann, 2019), studying the allocation of 
visual attention might help to define how a product’s external 
characteristics are processed in the brain. According to Clement 
et al., 2017), visual attention is a key component in consumers’ 
decision-making process since information must be  visually 
noticed to influence choice. Similarly, studies suggest that 
product preferences at least partially depend on the amount 
of attention that they receive during the decision-making process 
(Krajbich et  al., 2010; Glimcher and Fehr, 2013; Chen et  al., 
2019). Consumer Neuroscience studies have investigated changes 
in consumer’s visual attention mechanisms related to different 
label characteristics (e.g., attractive vs. unattractive and presence 
of sustainability information), type of ingredients used 
(earthworm flowers vs. grain crackers), visual elements of the 
wine labeling (e.g., text vs. images and different design), and 
consumer knowledge about wine (non-expert and expert wine 
drinkers; Russo, 2015; van Loo et  al., 2015; Laeng et  al., 2016; 
Khachatryan et  al., 2017; Russo et  al., 2020). Except for the 
study of Russo et  al. (2020), all these studies were conducted 
using eye tracking (ET) as the main research method.

Eye tracking has been widely used in consumer neuroscience 
research to study visual behavior (e.g., point of fixation, gaze, 
and pupil dilatation), customers’ visual attention mechanisms, 
and consumers’ engagement (Alvino et  al., 2020). However, 
the literature suggests that the measurement of eye movements 
is not always sufficient to understand how consumers focus 
their attention, for instance why a label catches consumers’ 
attention. In fact, eye movements are discrete events (limited 
to visual or written language comprehension). Several authors 
suggest that eye movements are partly dependent on higher 
cognitive processes (Rayner, 2009; Luck and Kappenman, 2011; 
Rayner et  al., 2015; Rayner and Reingold, 2015; Luke et  al., 
2018). This makes eye movements also relatively slow compared 
to other mechanisms (e.g., brain activity) (Luck and Kappenman, 
2011). For instance, when reading text, eye movements are 
influenced on a moment-by-moment basis by a variety of 
linguistic factors, such as word frequency, predictability, and 
syntactic complexity (Rayner, 1998, 2009; Rayner and Reingold, 
2015; Luke et  al., 2018). Thus, eye movements are often a 
consequence of cognitive processes that may already be reflected 
in ongoing brain activity before the actual eye movement 
is executed.

As most cognitive processes occur within tens to hundreds 
of milliseconds (Freeman and Quiroga, 2012; Cohen, 2014), 
it is possible that consumer neuroscience tools that identify 
and analyze brain activity are more effective in studying the 
visual allocation of attention mechanisms and individual 
preferences. Literature suggests that electroencephalography 
(EEG) is a suitable tool to measure visual attention mechanisms. 
EEG is a non-invasive brain imaging method that detects 
brain electrical activity using different electrodes placed on 
the scalp (Abhang et  al., 2016; Alix et  al., 2017). EEG has 
an excellent temporal resolution (Burle et al., 2015; Bilucaglia 
et  al., 2020); thus, it can capture the dynamics of brain 

processes in the time frame in which they occur (Freeman 
and Quiroga, 2012; Cohen, 2014). EEG is well suited to 
capturing the fast, dynamic, time sequenced cognitive events 
underlying the visual allocation of attention (Cohen, 2014). 
This permits the identification, within a functional time 
window, of neurophysiological correlates of the exposure to 
marketing stimuli, such as external cues (e.g., labels, packaging 
design) (Bazzani et  al., 2020). Studies show that changes in 
electrophysiological measures can be  useful for examining 
the perceptual and cognitive processes that occur in response 
to marketing stimuli (Ma et  al., 2019a,b).

To study whether individual preferences for different wine 
labeling are related to the allocation of visual attention, 
we  focused on changes in the posterior contralateral negativity 
(PCN). Parameters of the PCN2 are analyzed in order to assess 
whether a certain bottle/label caught visual participants’ attention. 
The PCN is “an established electrophysiological marker for 
examining (millisecond-by-millisecond) the deployment of focal 
attention in visual space” (Töllner et al., 2012; pp 1556). 
Parameters of the PCN reflect the dynamics of visuospatial 
attention processes and provide a reliable and valid temporal 
measure of target localization (Geyer et al., 2010; Töllner et al., 
2011; Vossel et  al., 2014). The PCN expresses an increased 
negativity above visual brain areas (posterior electrodes) 
contralateral to the stimulus position in a time window of 
approximately 175 and 300 ms (or even less) after the stimulus 
presentation. This parameter can be  used as a marker that 
traces the transition from when the stimulus (e.g., a label) 
reaches a receptor (e.g., retinal cell) to the focal attentional 
stage to target selection, thus when the stimulus is perceived 
and successively selected (Töllner et  al., 2011). Numerous 
psychological and neuroscientific studies used the PCN in order 
to examine how the timing and the allocation of visuospatial 
attention is modulated by stimulus intensity, stimulus saliency, 
aging, and set size (Van der Lubbe et  al., 2001; Van der Lubbe 
and Verleger, 2002; Geyer et  al., 2010; Töllner et  al., 2011; 
Vossel et  al., 2014).

Based on the aforementioned considerations, our study aims 
to investigate whether changes in the brain activity and individual 
preferences for wine labeling3 is related to the allocation of visual 
attention. To achieve our aim, we  carried out a laboratory 
experiment using EEG. During the experiment, thirty-one 
volunteers were exposed to four different examples of wine 
labeling, in pairs of two, which were presented on the left 
and right side of a computer screen. We used a within-subjects 
design and carried out the experiment in two sessions. 
Participants were asked to select the preferred wine labeling 
(by pressing a button on the corresponding side) while their 
electrical brain activity was recorded.

2 Other studies often use the term N2-posterior contralateral (N2pc); however, 
here we  prefer the term PCN as the posterior contralateral negativity is not 
necessarily related to the N2 component.
3 In this study, the wine labeling refers to both the front wine label design 
and bottle shape, as reported by Elliot and Barth (2012) and Laeng et al. (2016).
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The current study adds to previous research by investigating 
whether the PCN can be used to assess and predict consumers’ 
preferences for wine labels.

METHODOLOGY

Participants
Before the experiment, participants were asked to fill in a 
questionnaire about their drinking habits, their wine knowledge, 
and the Alcohol Use Disorders Identification Test (AUDIT). 
Both questionnaires and the AUDIT test were sent by email. 
We used the AUDIT to assess whether volunteers could participate 
in our experiment. This test identifies participants who display 
hazardous (or risky) drinking behavior, harmful drinking, or 
alcohol dependence. Participants with a score higher than 19 in 
the AUDIT were excluded as they can be  considered to abuse 
alcohol, which may lead to deviant results (Lacoste-Badie et al., 
2020). Two subjects were not invited to join the experiment 
as they score was higher than 19. All selected participants 
had a score lower than 18.

EEG was recorded from thirty-one participants. The 
participants were all volunteers, so they did not receive an 
incentive to participate in this study. Participants were mostly 
students and/or employees of the University of Twente (The 
Netherlands). The study was evaluated by the ethical committee 
of the BMS faculty and was carried out in line with the 
declaration of Helsinki.

When participants arrived at the laboratory, they were also 
tested for handedness and color blindness. We  used Annett’s 
Handedness Inventory (Annett, 1970) to test handedness as 
this is an important factor in the investigation of brain 
lateralization (van Strien, 1992, 2003). The handedness test 
revealed that twenty-eight participants were right-handed, and 
three participants were left-handed. Several studies suggest that 
color vision deficiency (CVD) is one of the most common 
types of vision deficiency (Ekhlasi et al., 2021). In this experiment, 
participants were asked to assess the preferences for wine 
labeling with different designs and colors. We tested participants’ 
possible defects of color vision using the Ishihara test (Birch, 
1997). The test consists of a number of colored plates, namely, 
Ishihara plates, each of which contains a circle of dots appearing 
randomized in color and size (Birch, 1997; Ekhlasi et al., 2021). 
Participants were asked to report the colored numbers in the 
figures. All participants had normal color vision.

Six participants were excluded from the original sample for 
different reasons. For two participants, a different amplifier 
was used in the second as compared to the first session, due 
to EEG equipment failure. Two participants were not able to 
take part in the second session. Two other participants were 
excluded because of excessive artifacts in their EEG recordings. 
The final sample consisted of twenty-five participants between 
18 and 40 years of age (Mage = 26.4, SD = 4). In total, ten participants 
were female (Mage = 28, SD = 5, ranging from 23 to 39 years) 
and fifteen participants were male (Mage = 25.5, SD = 3.1, ranging 
from 19 to 31 years). All volunteers had no history of neurological 
illness or damage, were not using drugs or psychiatric medication, 

and had normal or corrected-to-normal vision and no color 
blindness. Participants’ knowledge of wine was based on self-
report. Only participants with no knowledge or little knowledge 
of wine were selected to take part (Bruwer and Li, 2007; Laeng 
et  al., 2016). Based on the questionnaire’s results, eleven 
participants could be considered as inexperienced, while fourteen 
participants displayed basic knowledge. Participants had no 
prior knowledge of the wines presented during the experiment.

Procedures and Task
When participants arrived at the laboratory, they were asked 
to sign an informed consent form. Participants received detailed 
written and verbal instructions on all the tasks they were 
going to perform in the experiment. The volunteers were invited 
to sit in a comfortable chair, and EEG electrodes were applied. 
The room was sound-attenuated and illuminated. Participants 
were placed at a distance of approximately 100 (cm) at the 
eye level in front of a 24-inch AOC G2460P LED computer 
screen. Participants were asked to relax and to reduce sudden 
movements and blinking in order to prevent distortion of the 
EEG signal. An experimenter sat nearby throughout the 
experiment to check the procedure and to answer any questions.

The experimental design was set up considering repeated 
measurements (within-subject design). In a within-subject design 
experiment, each individual is exposed to more than one of 
the treatments being tested, whether it be  playing a game 
with two different parameter values, being treated and untreated 
or performing tasks under more than one external stimulus 
(Charness et  al., 2012). These experiments are more naturally 
aligned with most theoretical mindsets. For instance, a theorist 
is likely to imagine an agent in a market reacting to a price 
change, not two agents in separate markets with different prices 
(Charness et  al., 2012). In this experiment, participants took 
part in two sessions (Session 1 and Session 2), which were 
separated by 2 weeks. A time frame of 2 weeks was chosen in 
order to reduce the possibility that volunteers would remember 
the preferences indicated for each wine but at the same time 
examine the consistency of their preferences.

The study employed a “Stimulus Discrimination” task that 
required a right-hand or left-hand button press in response 
to the presentation of a set of two wine bottles/labels. Participants 
were instructed to press the key on the side that corresponded 
with the label/bottle they preferred. Responses were made on 
a standard QWERTY keyboard, with the left index finger 
positioned on the “left Ctrl” key, and the right index finger 
on the “right Ctrl” key. Stimulus presentation was controlled 
by Presentation software (Neurobehavioral Systems, Inc., 2012).

Each participant completed ten practice trials to get familiar 
with the task before the real experimental phase. As shown 
in Figure  1, each trial began with a white fixation point 
appearing in the center of the computer screen, followed by 
an interval of 3000 ms before the white fixation point turned 
red (for 200 ms). Then, a pair of bottles/labels was presented 
on the screen for 800 ms and the participants could choose 
the preferred bottle/label. Participants could freely decide  
(1) when to press one of the two buttons (no time limit) and 
(2) whether they wanted to press the right or the left button.
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The stimulus discrimination task was divided into four 
blocks, and the participants had 1 min of rest at the end of 
each block. The blocks contained 96 stimuli each. Overall, the 
participants saw a succession of 384 sets of pictures of four 
different examples of wine labeling. The average duration of 
the task was between 42 and 47 min, including a time break 
between the blocks.

Stimuli
The pictures of four examples of wine labeling were used as 
stimuli. The wines were selected based on the type of grape, 
price, country of origin, and label. The wines selected had the 
same type of grape (Cabernet Sauvignon, 100 percent) but a 
different country of origin (Chili and Italy). The wines were in 
a low-to-moderate price range (€3–€27; Boudreaux and Palmer, 
2007). Two wines were moderate-priced wines (price category: 
€24–€27), while the two other wines were low-priced wines 
(price category: €3–€5). The prices were compared on the same 
website to have a realistic evaluation of the wines. All the wines 
can easily be  bought online. For simplicity, we  divide the wines 
into Cheap (C: €3–€5) and Expensive (E: €24–€27).

Marketing literature suggests that wine label design could 
be  classified as either “traditional” or “modern/contemporary” 
(Batt and Dean, 2000; Boudreaux and Palmer, 2007; Hall and 
Mitchell, 2008; Elliot and Barth, 2012; Larson, 2012). Based 
on previous studies, the labels were selected according to specific 
patterns hue and color (dark or bright), images (e.g., chateaux 
or animal), different writings (white, black, or gold), bottle 
shape (standard shape or odd shape), and overall design (simple 
or complex; Batt and Dean, 2000; Boudreaux and Palmer, 2007; 

Elliot and Barth, 2012; Sáenz-Navajas et  al., 2013). As shown 
in Figure 2, the two Chilean wines had a simple and traditional 
label, and for both wines, the type of wine and the production 
year was clearly written in the middle of the label. In particular, 
the label of the Chilean Expensive (CE) wine was white and 
bronzed, with a vineyard drawn at the bottom of the label. 
The country of origin was written in small characters. The 
Chilean Cheap (CC) label was white with blue sides; the name 
of the wine was written in gold characters, and the bottle had 
a plastic cork. Both the production year and country of origin 
were visible on the label. Overall, the two labels had an old 
heritage style (Elliot and Barth, 2012). The label of the two 
Italian wines had a more modern design. Both labels had 
contemporary fonts, abstract forms, bright color (red), and 
asymmetrical shapes. The label of the Italian Expensive (IE) 
wine was red with gold and white characters. The production 
year, the names of both wine and producer were clearly visible. 
The label had a golden drown of warriors to revoke the name 
of the wine. The label did not show the country of origin. 
The Italian Cheap (IC) label was white and red, and small 
red patterns were presented. However, the bottle had a peculiar 
shape, different from the other wines (Boudreaux and Palmer, 
2007; Elliot and Barth, 2012). The country of origin, type of 
wine (Cabernet Sauvignon) was also visible (Elliot and 
Barth, 2012).

The wine bottles were photographed using a NIKON D3300 
camera. The bottles were positioned on a white backdrop, and 
they were illuminated with different daylight bulbs to balance 
the pictures (the labels were comparable in size and luminance). 
Adobe Photoshop CC (2015) software was used to erase the 
background and regulate the size and luminance. The four 

FIGURE 1 | Experimental procedure. Participants were asked to choose the preferred wine after viewing the labeling presentation.
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pictures were stored as 300-pixel JPEG files. Images were 
displayed aligned vertically in the center of the screen (as 
shown in Figure 1). Finally, the stimuli were digitally presented 
on a 24-inch monitor.

Behavioral and EEG Data Acquisition and 
Analysis
The EEG was recorded continuously from 32 active Ag/AgCl 
electrode (wet electrodes) sites using an EasyCap-62 channel 
cap (standard international 10–20 system layout) connected 
to an ActiChamp amplifier, with BrainVision Recorder software 
(version 1.21.0102). The electrodes were located at the following 
sites: AFz, AF3, AF4, AF7, AF8, F1, F2, F5, F6, FCz, FC3, 
FC4, FT7, FT8, C3, C4, C5, C6, CPz, CP3, CP4, TP7, TP8, 
P1, P2, P5, P6, POz, PO3, PO4, PO7, and PO8. The horizontal 
and vertical electro-oculogram (hEOG and vEOG) were also 
recorded. Two electrodes were placed at the side of both eyes 
to measure the electrical activity generated by horizontal eye 
movements. Electrodes located on the infraorbital and 
supraorbital regions of the left eye placed in line with the 
pupil enabled to measure vertical eye movements and blinks. 
The resistance of the electrodes was kept below 10 kΩ by 
using electrode gel and standard procedures to 
improve conductivity.

EEG data were analyzed with BrainVision Analyzer v. 2.1.1 
software. The continuous data were epoched from 500 ms prior 
up to 2500 ms after presenting the stimuli (wine bottles/labels). 
An initial baseline was set from −100 to 0 ms before presenting 
the stimuli. EEG was corrected for eye movement-related 
artifacts via artifact rejection and Ocular Correction ICA 
(Independent Component Analysis). Trials with amplitude 

differences exceeding ±50 μV on the hEOG channel and ± 100 μV 
on the vEOG channel were marked to remove segments with 
horizontal eye movements and eye blinks from 200 ms before 
until 200 ms after presenting the stimuli. This procedure left 
on average 79.5% (SD = 15.8%) of the presented trials per 
participant. After the Ocular Correction, another artifact rejection 
was applied (criteria were set to remove trials with differences 
of more than ±150 μV, a gradient criterion of 50 μV/ms, and 
a low activity criterion of 0.1 μV for 50 ms). EEG channels 
with artifacts were marked and were not included in the data 
analysis. Finally, lateralized EEG potentials as a function of 
the to-be- attended side (details below) were determined for 
all homologue electrode pairs and labels.

During the experiment, two wines were presented 
simultaneously on the computer screen, one on the left and 
the other on the right side of a computer screen. To precisely 
trace the allocation of focal attention, we determined the PCN. 
Increased negativity above visual brain areas contralateral to 
the relevant visual stimulus (here, the relevant wine labeling) 
was expressed by detecting potential changes in the PCN 
(Jolicoeur et  al., 2008; Vossel et  al., 2014). The presence of a 
PCN for a specific labeling points to an attentional preference 
for this labeling, and the more negative the PCN, the more 
we assumed this labeling seems to be preferred. The amplitudes 
of the PCN were assessed within 40-ms time windows from 
0 ms to 280 ms poststimulus at the components’ most typical 
electrode sites PO7/8, by determining lateralized potentials. 
Here is an example of the procedure of computing the PCN 
for Label 1: {[PO8-PO7 (Label 1 left visual field (LVF)  - Label 
2/3/4 right visual field (RVF)] + [PO7-PO8 (Label 2/3/4 LVF  - 
Label 1 RVF)]}/2. Thus, the PCN for each label was computed 
by comparing it with all other labels on the ipsilateral side. 

A B

C D

FIGURE 2 | Experimental stimuli (Wine bottles and labels). Chilian Expensive (A), Italian Expensive (B), Chilean Cheap (C), and Italian Cheap (D).
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This procedure was used for all labels and for each session 
separately. We  applied the same procedure for all symmetrical 
electrode sites (e.g., C3 and C4) to be able to create topographical 
maps displaying event-related lateralizations (ERLs; e.g., see 
Van der Lubbe et  al., 2001). According to Töllner et  al. (2011) 
and Töllner et  al. (2012) the PCN is present from 175 to 
300 ms after stimulus onset. In our case, we  decided to export 
the data from 0 to 280 ms in seven time windows of 40 ms 
each. PCN values for all time windows were used for the 
statistical analysis. These data were analyzed with SPSS (IBM 
SPSS V25.0).

For the behavioral data, participant’s preferences for wine 
labeling and reaction time (RT) were recorded during the 
experiment. The participant could select their preferred wine 
labeling by using the left or right Ctrl key of the keyboard 
(depending on where the preferred label would appear). Thus, 
labeling preferences were determined based on the total number 
of trials in which they selected a specific wine. The reaction 
times were not analyzed as there was no real-time limit to 
choose the preferred wine.

Reaction time indicates the time a participant takes to 
respond to a task (Ramsøy, 2014). Reaction times measure 
individuals spontaneous or “gut instinct” responses to a stimulus 
(Calvert et  al., 2019). In this study, we  measured the amount 
of time it took to participants to select the desired wine labeling. 
RT was also determined based on the total amount of trials 
in which they selected a specific label.

A repeated measures ANOVA was used to analyze both 
the EEG, the consumer preferences and reaction time. For 
the behavioral data, the repeated measures ANOVA was used 
to analyze differences in the participants’ responses to each 
wine labeling (Labeling Preferences). As mentioned before, this 
was determined based on the number of times a label would 
be  selected during each session. Participants’ responses were 
analyzed with the factors Labeling (CE, IE, CC, and IC), Session 
(Session 1 or Session 2), and Side (left or right). Then, differences 
in electrophysiological measures (changes in PCN values) were 
analyzed for the four bottles/labels, the sessions, and the different 
time windows (40 ms each). For the analysis, seven different 
time windows (from 0 to 280 ms) were selected. For both 
EEG and behavioral data, associated Degrees of freedom, 
F-values, value of ps, Means, and Std. Deviation were reported. 
The associated Mauchly’s test of sphericity was also analyzed. 
Corrected results (Greenhouse–Geisser or Huynh-Feldt 
correction)4 were reported when the assumption of sphericity 
was violated.

RESULTS

Behavioral Data
The results show that there was no significant effect of Side 
of stimulus presentation [F(1,24) = 0.14; p = 0.707] and Session 
[F(1,24) = 2.39; p = 0.136] on participants preferences for specific 

4 The Greenhouse–Geisser correction was used for ε  <  0.75, and the Huynh-
Feldt correction was used for ε > 0.75.

wine bottles/labels. Thus, participants’ preferences were not 
affected by the session and the presentation side of the bottle/
label. However, results show that there was an effect of Labeling 
on participants’ responses [F(3,22) = 12.29; p < 0.001].

Separate comparisons between the different wine labeling 
were performed to determine the participants’ preferences. 
There was a preference for the Chilean Expensive (CE) as 
compared to the other wine labeling (see Figure 3). Specifically, 
there was a significant difference in the number of times 
that the CE was selected as compared to the Italian expensive 
(IE) [t(24) = 7.560; p < 0.0001], Chilean cheap (CC) [t(24) = 9.642; 
p < 0.0001] and Italian cheap (IC) wine [t(24) = 10.268; p < 0.0001]. 
Similarly, there was a strong effect of IE on participant’s 
preferences compared to CC [t(24) = 3.333; p < 0.001]. A slight 
difference was observed IE compared to IC [t(24) = 2.533; 
p = 0.013]. However, no significant differences were found 
between CC and IC [t(24) = −1.057; p = 0.293]. As shown in 
Figure  3, the most preferred wine labeling was CE, followed 
by IE, IC and CC.

A repeated measures ANOVA was also conducted on RT. 
The results show that there was no significant effect of session 
[F(1,24) = 0.38; p = 0.53] on participants’ reaction times for specific 
wine labeling. Thus, participants’ reaction times were not 
affected by the session. However, the main effect of the labeling 
was slightly significant [F(3,22) = 5.85; p = 0.008]. This means 
that there was a difference in the response time of participants 
for the wine labeling. Overall, participants were more likely 
to make quicker decision if they were selecting the preferred 
bottle/label. As shown in Table  1, reaction times for CE 
were faster than for the other labeling (IE, CC, and IC). 
Participants took more time to select the least preferred 
labeling (CC).

EEG Data
To verify whether there were changes in the PCN amplitudes 
as a function of Labeling (CE, IE, CC, and IC), Time window 
(7), and Session (2), a repeated measures ANOVA was performed.

The results revealed no differences in the PCN amplitudes 
between the two sessions [F(1,24) = 1.27; p = 0.271] and also no 
effect of Time Window [F(3.128,75.072) = 1.47; p = 0.230], but a major 
effect of Labeling (F(2.039,48.943) = 11.11; p < 0.0001). An interaction 
was additionally observed between Time Window and Labeling 
[F(5.887,141,296) = 13.5; p < 0.0001], but not between Time Window, 
Labeling, and Session [F(8.33,199.91) = 1.4; p = 0.204]. The results 
suggest that there was a change in participants’ brain activity 
over time that differed between the wine labeling (IE, CE, IC, 
and CC). These changes over time are also clearly visible in 
Figure  4.

In order to analyze changes in participants’ brain activity 
over time as a function of Labeling, separate analyses were 
performed for the seven time windows. As this implies testing 
ten separate contrasts for each time window, we  employed a 
critical value of p of 0.005 (i.e., we applied Bonferroni correction). 
For both the first (0 to 40 ms) and second (40 to 80 ms) time 
windows, results show no effects of Labeling (p > 0.394) on 
PCN amplitudes.
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In the third time window (80 to 120 ms), an effect of Labeling 
was observed [F(3,72) = 8.7; p <  0.0001]. Table  2 shows the mean 
of the PCN amplitudes for the four labels in the two sessions. 
Contrast analyses for the third time window revealed major 
differences between the CE and the IC wine [F(1,24) = 17.7; 
p < 0.0004]. The critical value of p was not crossed for the 
other contrasts. The mean amplitudes in Table  2 show a clear 
PCN for the IC wine, while an opposite effect is present for 
the CE wine, suggesting that within this time window participants 
attend to the IC and not to the CE label.

In the fourth time window (from 120 ms to 160 ms), a 
main effect of Labeling on PCN amplitude was observed 
[F(1.982,47.560) = 21.194; p < 0.000001]. Contrast analyses revealed 
major differences between the IC wine as compared to the 
CE, IE, and CC wine [F(1,24) > 24.354; p < 0.0001]. Inspection 
of the mean amplitudes in Table  4 again shows a clear PCN 
for the IC wine, while opposite effects seem present for the 
CE and IE labeling, suggesting that participants paid attention 
to the IC wine and did not attend to the CE and IE wines.

In the sixth time window (from 200 to 240 ms), again a 
main effect of Labeling on PCN amplitudes was found [F(3,75) = 14.4; 
p < 0.000001]. In this case, contrast analyses revealed no differences 
between the CE and IC label [F(1,24) = 0.696; p = 0.413], but 
differences were observed between the CC and IC label 
(F(1,24) = 25.043; p < 0.0001) and between the CC and CE label 
[F(1,24) = 26.993; p < 0.0001]. The mean amplitudes for this time 

window for each wine are presented in Table  5. It seems that 
now participants were paying attention to both the CE and IC 
wines, while they were clearly not paying attention to the CC wine.

In the seventh time window (from 240 to 280 ms), a main 
effect of Labeling on PCN amplitude was observed [F(2.391,57.394) = 5.948; 
p = 0.002737]. Contrast analyses revealed differences between the 
CE label and the IE and CC labels [F(1,24) > 10.729; p < 0.0032], 
but for the other contrasts, the critical value of p was not crossed. 
Inspection of the mean amplitudes for this time window (Table 6) 
suggests that the participants were no longer paying attention 
the IC wine, but attended to the CE wine.

DISCUSSION

Investigating consumer behavior with products helps companies 
to understand how consumers select a product and what role 
external characteristics (e.g., label and price) play an important 
role in product differentiation. In marketing research, a lot of 
attention has been devoted to study consumer preferences for 
product external characteristics (Olson and Jacoby, 1972; Inscha 
and McBride, 2004; Aaker et al., 2011; Armstrong et al., 2014). 
Despite decades of scientific effort, much is still unknown 
about the effects of product external characteristics on consumer 
decisions and preferences.

Consumer neuroscience studies show that our preferences 
for a product may already be  reflected in our brain activity 
long before we  make a final decision (Plassmann et  al., 2012; 
Ma et  al., 2019a,b; Sung et  al., 2019; Alvino et  al., 2020; Ciceri 
et  al., 2020; Fan et  al., 2020; Yu et  al., 2020). The use of 
neuroscientific tools to study consumer behavior could improve 
our understanding of how external characteristics influence 
consumers’ preferences for a product (Plassmann et  al., 2012; 
Alvino et al., 2020). In particular, consumer neuroscience tools 
can be used to examine the psychological and neural mechanisms 

FIGURE 3 | The figure shows the participants’ preferences for wine labeling (number of times the participants selected the wines).

TABLE 1 | Mean of the participants’ reaction times for each example of wine 
labeling, and standard error of the mean.

Label Mean Std. Error

CE 762.402 41.275
IE 860.673 47.112
CC 956.514 68.976
IC 886.368 43.461
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that underlie visual attention (Russo, 2015; van Loo et  al., 
2015; Laeng et  al., 2016; Khachatryan et  al., 2017; Russo 
et  al., 2020).

The aim of this study was to investigate whether preferences 
for specific wine labeling are also reflected in brain measures 
derived from the EEG. Here, we  specifically focused on the 
amplitude of the PCN with the idea that the labeling that 
eventually is mostly preferred will also induce a larger PCN 
than the other labels. The PCN (approx. 175 to 300 ms after 

stimulus implementation) can provide information about the role 
of visual attentional selection for the final decision. For instance, 
the presence of a PCN may imply that a participant is already 
attracted by the preferred label even before selecting it, or vice 
versa a label might initially attract attention (due to certain 
characteristics) but not be  the preferred/selected label. Similarly, 
a label does not directly attract attention but may in the end 
be  the most preferred label, suggesting that additional aspects 
apart from attention-attracting features play an important role.

A

B

C

D

FIGURE 4 | Topographical maps determined for 40-ms time windows (from 0 until 280 ms) after stimuli presentation for all four wines: Chilean Expensive (A), Italian 
Expensive (B), hilean Cheap (C) and Italian Cheap (D). Contra-ipsilateral differences relative to the label of interest are projected on the left hemisphere, while ipsi-
contralateral differences are projected on the right hemisphere.
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TABLE 4 | Mean of the PCN amplitudes for each bottle/label averaged across 
sessions from 160 to 200 ms, standard errors of the mean, and results of F tests 
as deviation from “0.”

Wine Label Mean Std. Error F P

CE 0.076 0.091 0.7 0.41
IE 0.421 0.130 10.5 0.003*
CC 0.501 0.094 28.3 < 0.0001*
IC −0.984 0.132 55.2 < 0.0001*

*This value of p can be considered significant as it is below the critical value of 0.005.

The findings of our study (electrophysiological data) show 
that different label characteristics have an influence on brain 
activity. The results clearly reveal that the amplitude of the 
PCN differed between the employed wine labeling. The data 
suggest the presence of a PCN for two of the presented labels 
(CE and IC), while opposite effects seem present for the IE 
and CC labels, suggesting reduced attention for these labels. 
These changes are also visible over time. The earliest sign of 
the PCN was present for the IC label within the 80- to 120-ms 
time window, which remained until the 200- to 240-ms time 
window. A relevant observation of this early PCN is that it 
remains more or less restricted to posterior brain areas, suggesting 
that it reflects attentional selection and not hand motor activation, 
which can be  observed above central areas (i.e., as measured 
at the C3 and C4 electrode locations). In fact, the behavioral 
data indicate that the IC label is only the third preferred label. 
A possible explanation is that the IC label had a salient and 
visually appealing aspects embodied in the label (contemporary 
fonts and abstract forms) and the bottle had a peculiar shape, 
different from the other wines (e.g., elongated neck; Elliot and 
Barth, 2012). Our interpretation of these results is that the 
bottle shape may have attracted participants’ attention, but in 
the end did not lead to a preference for this label. For the 

CE label, the earliest sign of the PCN is within the 200- to 
240-ms time window, which further increased in the 240- to 
280-ms time window. Importantly, in this case the topography 
of the PCN seemed to spread more to hand motor areas, 
suggesting not only that this label was paid attention, but also 
preferred as it may have led to hand motor activation. This 
might mean that the observed lateralization is actually a 
combination of the PCN with the lateralized readiness potential 
(LRP, e.g., see Van der Lubbe et  al., 2001). As the behavioral 
data also point out in the same direction (both preferences 
and RT), our assumption is that participants indeed seemed 
to prefer the CE label.

The behavioral data show participants’ preferences for the 
four labels. Participants favored the labels of the more expensive 
wines (CE and IE) as compared to the cheap wines (CC and 
IC). The labels of the expensive wines had two different designs. 
The label of the CE wine had a traditional label, while the 
IE had a rather modern label. Interestingly, participants were 
not aware of the difference in price range among the wines; 
thus, price did not influence their preferences. Similarly, the 
style of the label (modern vs. traditional) did not play a role. 
However, both labels clearly showed the production year, the 
name of the wine, and producer, and they had bronze and 
golden patters. Thus, participants may have preferred these 
labels due to the color and information provided on the labels 
(CE and IE), which may have increased the overall aesthetic 
appeal of the wine label. Our results suggest that different 
elements of the wine label may have influenced the perceived 
value and quality of the product. This confirms discussion in 
the literature that labels should offer reassurance that the wine 
offers value for money in terms of quality (Thomas and Pickering, 
2003; Barber et  al., 2006). Similar to the CE, the label of the 
IC wine displayed the type of grape variety (Cabernet Sauvignon), 
name of the wine, and the producer. As well as this, the IC 
wine had similar colors to the IE wine (red and goals). Consumer 
often gravitate toward brightly colored labels, such as gold, 
and other elements of the wine such as its appellation, country 
of origin, and year of production (Johnson and Bruwer, 2007; 
Hall and Mitchell, 2008; Terrien and Steichen, 2008; Atkin 
and Johnson, 2010; Famularo et  al., 2010; Elliot and Barth, 
2012; Larson, 2012). It is possible that some aspect of the IC 
label might have affected participant’s attention when they were 
initially exposed to the label. However, when participants had 
to make a conscious choice about the IC wine, they did not 
find the label aesthetical appealing. Consumers make a choice 
also based on what impression the label makes, in terms of 
content’s authenticity and quality. Thus, a comparison of the 
IC and CC labels with more expensive wines might have 
influenced participants’ preferences for it. This suggests that 
participants’ perceived quality for the IC label was less than 
for expensive wines (CE and IE).

The analysis of reaction times, recorded when participants 
classified the wine label, also confirms these findings. Research 
shows that the more we  like something, the faster we  tend 
to respond (Ramsøy, 2014; Calvert et  al., 2019; Kim et  al., 
2020). Our results reveal that participants had shorter RT for 
the most preferred label CE. Vice versa, the CC label had the 

TABLE 2 | Mean of the PCN amplitudes for each bottle/label averaged across 
sessions from 80–120 ms, standard errors of the mean, and results of F tests as 
deviation from “0.”

Wine Label Mean Std. Error F P

CE 0.347 0.104 11.2 0.003*
IE 0.168 0.081 4.3 0.05
CC −0.033 0.094 0.1 0.725
IC −0.478 0.132 13.1 0.001*

*This value of p can be considered significant as it is below the critical value of 0.005.

TABLE 3 | Mean of the PCN amplitudes for each bottle/label averaged across 
sessions from 120 to 160 ms, standard errors of the mean, and results of F tests 
as deviation from “0.”

Wine Label Mean Std. Error F P

CE 0.435 0.118 13.7 0.001*
IE 0.578 0.162 12.8 0.002*
CC 0.210 0.152 1.9 0.181
IC −1.199 0.177 45.7 < 0.0001*

*This value of p can be considered significant as it is below the critical value of 0.005.
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longest reaction time. Thus, the RT measure for CC is significantly 
higher than for the other three wines, confirming that this 
was the least preferred wine. It is interesting to notice that 
there was a slightly shorter mean response latency for the IE 
label compared to IC. On average, participants took the same 
amount of time to select IE and IC. Consumer neuroscience 
research shows that the closer in values two options are, the 
harder would be for a person to decide between them (Ramsøy, 
2014; Kim et  al., 2020). This might suggest that participants 
did not have a strong preference for one of the two labels, 
like for the CE label. Another possible explanation is that the 
characteristics of the IC label (design and bottle shape) might 
have influenced participant’s attention when they were initially 
exposed to the label. This is also confirmed by the consumer 
preferences and EEG data.

Several studies indicated that consumers’ preferences for a 
product are strongly influenced by visual attention (Glimcher 
and Fehr, 2013; Karmarkar and Plassmann, 2019). Consumers 
tend to choose the items that they look at initially or look 
at for the longest duration (Reutskaja et  al., 2011; Laeng et  al., 
2016). We  investigated whether the presence of the PCN could 
be  associated with participant’ preference for a specific wine 
labeling. EEG data clearly show that the amplitude of the 
PCN differed between the employed wine labeling. The PCN 
clearly differed between the wine labeling from 80 to 240 ms 
after stimulus presentation. In particular, the data suggest the 
presence of a PCN for two of the presented labels (CE and 
IC). The PCN was present for the CE and IC labels, which 
partially confirms the pattern present in a separate analysis 
of the behavioral data, as the most preferred label was CE.

Based on our interpretation, the findings suggest that the 
allocation of visual attention (reflected in the PCN) toward a 
product might reflect a preference for it but our results also 
show that this allocation may occur as specific features attract 
attention. Thus, the PCN component could be used in consumer 

neuroscience research to study how consumers’ visual attention 
mechanisms and linked to preferences. Overall, the findings 
of our study suggest that the final choice of a consumer and 
consequently their preference for a product could be influenced 
by both visual attention mechanisms and more complex cognitive 
processes where the outcome may be reflected in the activation 
of hand motor areas.5

CONCLUSION

This study aims to bridge gaps in the consumer neuroscience 
literature on external product characteristics and in particular 
the effect of labels in product choice.

We contribute to previous research by studying the 
allocation of visual attention for product external 
characteristics. Several consumer neuroscience studies use 
eye tracking to examine visual attention mechanisms for 
wine labels. In our research, we  used EEG to study whether 
different label design can influence both consumer preferences 
and brain activity.

By combining behavioral and EEG data, this study provides 
a more nuanced understanding of how neural activity related 
to visual attention can influence consumer information processing 
and decision-making. In addition, EEG research often focuses 
on brain waves or ERP components to investigate the attention-
allocation behavior of consumer during product evaluation. 
To our knowledge, this is the first consumer neuroscience 
study that uses PCN components to assess visual attention 
mechanisms for wine labels.

We believe this study also has potential implications for companies 
and marketing practitioners. In particular, this study may serve 
as a reference for wine producers. The creative process behind 
designing a label for a particular wine has become increasingly 
complex and expensive, as wine companies are more frequently 
helped by professional designers specialized for the wine market. 
The findings of this study also suggest that increased attention 
for a product often but not always reflects a preference for it. 
Studying visual attention mechanisms helps companies to determine 
when (1) individual preference for a product is directly related 
to its visual saliency or is modulated by more high-level information 
and (2) product can catch consumers’ attention as well as influence 
their preferences, thus whether the consumer is attracted to the 
product, but he/she is also willing to buy it.

To conclude, the use of Consumer Neuroscience tools, such 
as EEG, can help to shed light on the cognitive and neuronal 
mechanisms that play a role during the exposure to product 
external characteristics. This might help companies to improve 
visual saliency tests by identifying whether specific product external 
characteristics have a strong impact on individual preferences.

5 We verified whether individual differences in PCN amplitude for the CE label 
within the 200–240 and the 240–280 ms time intervals are predictive for 
individual preferences. Results revealed negative correlations for both time 
intervals (200–240 ms; r = –0.48, p = 0.007; 240–280 ms; r = –0.59, p = 0.001). 
These findings indicate that the more negative the individual PCN amplitude 
is for a specific label, the more likely it is that this participant will select 
this label.

TABLE 5 | Mean of the PCN amplitudes for each bottle/label averaged across 
sessions from 200 to 240 ms, standard errors of the mean, and results of F tests 
as deviation from “0.”

Wine Label Mean Std. Error F P

CE −0.621 0.171 13.3  0.001*
IE 0.230 0.126 3.3 0.081
CC 0.808 0.135 35.8 < 0.0001*
IC −0.413 0.155 7.1 0.014

*This value of p can be considered significant as it is below the critical value of 0.005.

TABLE 6 | Mean of the PCN amplitudes for each bottle/label averaged across 
sessions from 240 to 280 ms, standard errors of the mean, and results of F tests 
as deviation from “0.”

Wine Label Mean Std. Error F P

CE −0.798 0.243 10.8 0.003*
IE 0.459 0.197 5.5 0.028
CC 0.264 0.126 4.4 0.047
IC 0.072 0.204 0.1 0.726

*This value of p can be considered significant as it is below the critical value of 0.005.
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Limitations and Future Work
This study comes with some limitations that could be addressed 
in future research. In this study, we  selected only four wine 
labels of the same type of grape to analyze consumers’ visual 
attention mechanisms and preferences. For future work, we suggest 
researchers use different types of wine (e.g., different grape 
variety). This will help recreate a real-life scenario in which 
participants choose from different wine types. As well as this, 
a higher number of labels might provide a more accurate analysis 
of which label characteristics influence consumers’ preferences 
(Ballester et  al., 2005). We  also believe that the experiment 
could be carried out using the method called A/B testing, whereby 
one half of the respondents (A) is shown the original version 
of the label and the second half (B) the modified label. This 
will help improve our understanding of how studying visual 
mechanisms can help companies improve their advertisement 
effectiveness, especially for e-commerce. This could also be applied 
to other type of products (e.g., detergents and clothing). Finally, 
designing an experiment well is important to improve the quality 
of Consumer Neuroscience research (Fink et  al., 2007; Murray 
and Antonakis, 2019). In this study, our goal was to investigate 
whether changes in the brain activity and individual preferences 
for wine labels are related to the allocation of visual attention 
using PCN; hence, we consider this an exploratory study. We would 
like to invite researchers to replicate this study by further 
developing different aspects of the experiment procedures (e.g., 
using a prestudy to select the wine labels) or to collect data 
from different consumer neuroscience tools (simultaneously) to 
further improve our understanding of consumer preferences and 
visual attention mechanisms.

SUMMARY

We summarize the findings of our study as follows:

 • The consumer neuroscience literature suggests that 
physiological and neurophysiological tools have been used 
to study whether visual attention mechanisms influence 
consumers’ preferences.

 • The consumer neuroscience literature suggests that EEG has 
been used to investigate the influence of external product 
characteristics on participants’ preferences and brain activity.

 • The current study shows that EEG provides relevant 
information about the allocation of visual attention.

 • The current study shows that the PCN is an electrophysiological 
marker that can be  used to examine the deployment of 
visuospatial attention for marketing stimuli.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will 
be  made available by the authors, without undue reservations.

ETHICS STATEMENT

The studies involving human participants were reviewed and 
approved by The Ethical Committee of the BMS faculty, University 
of Twente. The patients/participants provided their written 
informed consent to participate in this studies.

AUTHOR CONTRIBUTIONS

All authors of this article had a significant contribution in its 
preparation. LA and RL created and designed the study and 
analyzed and interpreted the EEG data. LA collected the data. 
LA, RL, and EC reviewed and edited the manuscript. All 
authors contributed to the article and approved the 
submitted version.

ACKNOWLEDGMENTS

We would like to thank the reviewers for their feedback. We 
believe that their suggestions have significantly increased the 
quality of our manuscript.

 

REFERENCES

Aaker, D. A., Kumar, V., Day, G., and Leone, R. (2011). Marketing Research. 
10th Edn. United States: Wiley and Sons.

Abdullah, M., Kalam, A., and Akterujjaman, S. M. (2013). Packaging factors 
determining customers buying decision. Int. J. Human. Manag. Sci. 1, 285–289.

Abhang, P. A., Gawali, B. W., and Mehrotra, S. C. (2016). Introduction to 
EEG-and Speech-Based Emotion Recognition. New York: Academic Press.

Alix, J. J., Ponnusamy, A., Pilling, E., and Hart, A. R. (2017). An introduction 
to neonatal EEG. Paed. Ch. H. 27, 135–142. doi: 10.1016/j.paed.2016. 
11.003

Alvino, L., Constantinides, E., and Franco, M. (2018). Towards a better 
understanding of consumer behavior: marginal utility as a parameter in 
neuromarketing research. Int. J. Mark. Stud. 10, 90–106. doi: 10.5539/ijms.
v10n1p90

Alvino, L. (2019a). “How can we improve consumer behaviour research? A 
critical literature review on the contributions and the limitations of consumer 
neuroscience,” in Proceedings of the 33rd International Business Information 
Management Association Conference; June; IBIMA, 5947–5951.

Alvino, L., van der Lubbe, R., Joosten, R. A. M., and Constantinides, E. (2019b). 
Which wine do you  prefer? An analysis on consumer behaviour and brain 
activity during a wine tasting experience. A. Pac. J. Mark. Log. 32, 1149–1170. 
doi: 10.1108/APJML-04-2019-0240

Alvino, L., Pavone, L., Abhishta, A., and Robben, H. (2020). Picking your 
brains: where and how neuroscience tools can enhance marketing research. 
Front. Neurosci. 14:577666. doi: 10.3389/fnins.2020.577666

Annett, M. (1970). A classification of hand preference by association analysis. 
British J. Psychol. 61, 303–321. doi: 10.1111/j.2044-8295.1970.tb01248.x

Ardeshiri, A., and Rose, J. M. (2018). How Australian consumers value intrinsic 
and extrinsic attributes of beef products. F. Qual. Pref. 65, 146–163. doi: 
10.1016/j.foodqual.2017.10.018

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.paed.2016.11.003
https://doi.org/10.1016/j.paed.2016.11.003
https://doi.org/10.5539/ijms.v10n1p90
https://doi.org/10.5539/ijms.v10n1p90
https://doi.org/10.1108/APJML-04-2019-0240
https://doi.org/10.3389/fnins.2020.577666
https://doi.org/10.1111/j.2044-8295.1970.tb01248.x
https://doi.org/10.1016/j.foodqual.2017.10.018


Alvino et al. Attentional Preferences for Wine Labelings

Frontiers in Psychology | www.frontiersin.org 13 October 2021 | Volume 12 | Article 688713

Ariely, D., and Berns, G. S. (2010). Neuromarketing: The hope and hype 
of neuroimaging in business. Nat. Rev. Neur. 11, 284–292. doi: 10.1038/
nrn2795

Armstrong, G., Adam, S., Denize, S., and Kotler, P. (2014). Principles of Marketing. 
Australia: Pearson.

Atkin, T., and Johnson, R. (2010). Appellation as an indicator of quality. Inter. 
J. Win. Bus. Res. 22, 42–61. doi: 10.1108/17511061011035198

Babiloni, C., Del Percio, C., Arendt-Nielsen, L., Soricelli, A., Romani, G., 
Rossini, P. M., et al. (2014). Cortical EEG alpha rhythms reflect task-specific 
somatosensory and motor interactions in humans. Clin. Neuro. 125, 1936–1945. 
doi: 10.1016/j.clinph.2014.04.021

Ballester, J., Dacremont, C., Le Fur, Y., and Etiévant, P. (2005). The role of 
olfaction in the elaboration and use of the chardonnay wine concept. Food 
Qualit. Ref. 16, 351–359. doi: 10.1016/j.foodqual.2004.06.001

Barber, N., Almanza, B. A., and Donovan, J. R. (2006). Motivational factors 
of gender, income and age on selecting a bottle of wine. Inter. J. Win. 
Mark. 18, 218–232. doi: 10.1108/09547540610704774

Barber, N., Ismail, J., and Taylor, D. C. (2007). Label fluency and consumer 
self-confidence. J. Win. Res. 18, 73–85. doi: 10.1080/09571260701660847

Barwich, A. S. (2017). Up the nose of the beholder? Aesthetic perception in 
olfaction as a decision-making process. N. Id. Psych. 47, 157–165. doi: 
10.1016/j.newideapsych.2017.03.013

Batt, P. J., and Dean, A. (2000). Factors influencing the consumer’s decision. 
Aust. N. Zeal. Win. Ind. J. 15, 34–41.

Bazzani, A., Ravaioli, S., Trieste, L., Faraguna, U., and Turchetti, G. (2020). Is 
EEG suitable for marketing research? A systematic review. Front. Neurosci. 
14:594566. doi: 10.3389/fnins.2020.594566

Bilucaglia, M., Masi, R., Di Stanislao, G., Laureanti, R., Fici, A., Circi, R., 
et al. (2020). ESB: A low-cost EEG synchronization box. Hardware X 8:e00125. 
doi: 10.1016/j.ohx.2020.e00125

Birch, J. (1997). Efficiency of the Ishihara test for identifying red-green colour 
deficiency. Oph. Phys. Opt. 17, 403–408. doi: 10.1111/j.1475-1313.1997.tb00072.x

Boudreaux, C. A., and Palmer, S. E. (2007). A charming little cabernet: effects 
of wine label design on purchase intent and brand personality. Inter. J. 
Win. Bus. Res 19, 170–186. doi: 10.1108/17511060710817212

Bredahl, L. (2003). Cue utilisation and quality perception with regard to branded 
beef. F. Qual. Pref. 15, 65–75. doi: 10.1016/S0950-3293(03)00024-7

Bruwer, J., and Li, E. (2007). Wine-related lifestyle (WRL) market segmentation: 
demographic and behavioural factors. J. Wine Res. 18, 19–34. doi: 
10.1080/09571260701526865

Burle, B., Spieser, L., Roger, C., Casini, L., Hasbroucq, T., and Vidal, F. (2015). 
Spatial and temporal resolutions of EEG: is it really black and white? A scalp 
current density view. Int. J. Psych. 97, 210–220. doi: 10.1016/j.ijpsycho.2015.05.004

Calvert, G. A., Pathak, A., Ching, L. E. A., Trufil, G., and Fulcher, E. P. (2019). 
Providing excellent customer service is therapeutic: insights from an implicit 
association neuromarketing study. Behav. Sci. 9:109. doi: 10.3390/bs9100109

Celhay, F., and Trinquecoste, J. F. (2015). Package graphic design: investigating 
the variables that moderate consumer response to atypical designs. J. Prod. 
Innov. Manag. 32, 1014–1032. doi: 10.1111/jpim.12212

Charness, G., Gneezy, U., and Kuhn, M. A. (2012). Experimental methods: 
between-subject and within-subject design. J. Econ. Behav. Organ. 81, 1–8. 
doi: 10.1016/j.jebo.2011.08.009

Chen, J., Wang, C., Shi, Q., Feng, Y., and Chen, C. (2019). Social recommendation 
based on users’ attention and preference. Neurocomputing 341, 1–9. doi: 
10.1016/j.neucom.2019.02.045

Ciceri, A., Russo, V., Songa, G., Gabrielli, G., and Clement, J. (2020). A 
neuroscientific method for assessing effectiveness of digital vs. print ads: 
using biometric techniques to measure cross-media ad experience and recall. 
J. Advert. Res. 60, 71–86. doi: 10.2501/JAR-2019-015

Clement, J., Smith, V., Zlatev, J., Gidlöf, K., and van de Weijer, J. (2017). 
Assessing information on food packages. Eur. J. Mark. 51, 219–237. doi: 
10.1108/EJM-09-2013-0509

Cohen, E. (2009). Applying best-worst scaling to wine marketing. Int. J. Win. 
Bus. Res 21, 8–23. doi: 10.1108/17511060910948008

Cohen, M. X. (2014). Analyzing Neural Time Series Data: Theory and Practice. 
United States: MIT Press.

Ekhlasi, A., Ahmadi, H., Molavi, A., Nia, M. S., and Nasrabadi, A. M. (2021). 
EEG signal analysis during Ishihara’s test in subjects with normal vision 

and color vision deficiency. Bio. Phys. Eng. Exp. 7:025008. doi: 
10.1088/2057-1976/abdbbc

Elliot, S., and Barth, J. J. (2012). Wine label design and personality preferences 
of millennials. J. Prod. Br. Manag. 21, 183–191. doi: 10.1108/10610421211228801

Famularo, B., Bruwer, J., and Li, E. (2010). Region of origin as choice factor: 
wine knowledge and wine tourism involvement influence. J. Win. Bus. Res 
22, 1751–1062. doi: 10.1108/17511061011092410

Fan, B., Li, C., and Jin, J. (2020). The brand scandal spillover effect at the 
country level: evidence from event-related potentials. Front. Neurosci. 13:1426. 
doi: 10.3389/fnins.2019.01426

Fink, A., Benedek, M., Grabner, R. H., Staudt, B., and Neubauer, A. C. (2007). 
Creativity meets neuroscience: experimental tasks for the neuroscientific 
study of creative thinking. Methods 42, 68–76. doi: 10.1016/j.ymeth.2006.12.001

Freeman, W., and Quiroga, R. Q. (2012). Imaging Brain Function with EEG: 
Advanced Temporal and Spatial Analysis of Electroencephalographic Signals. 
Germany: Springer Science and Business Media.

García-Madariaga, J., López, M. F. B., Burgos, I. M., and Virto, N. R. (2019). 
Do isolated packaging variables influence consumers’ attention and preferences? 
Phys. Behav. 200, 96–103. doi: 10.1016/j.physbeh.2018.04.030

Geyer, T., Zehetleitner, M., and Müller, H. J. (2010). Contextual cueing of 
pop-out visual search: when context guides the deployment of attention.  
J. Vis. 10, 20–20. doi: 10.1167/10.5.20

Glimcher, P.W., and Fehr, E. (2013). Neuroeconomics: Decision Making and the 
Brain. United States: Academic Press.

Gluckman, R. L. (1986). A consumer approach to branded wines. Europ. J. 
Mark. 20, 21–35. doi: 10.1108/EUM0000000004649

Goodman, S., Lockshin, L., and Cohen, E. (2005). Best worst scaling: a simple 
method to determine drinks and wine style preferences, in 2nd Annual 
International Wine Marketing Symposium, Sonoma State University: Rohnert 
Park, CA; July 8–9, 2005.

Grunert, K. G. (2005). Food quality and safety: customers perception and 
demand. Europ. Rev. Agric. Econ. 32, 369–391. doi: 10.1093/eurrag/jbi011

Hall, M. C., and Mitchell, R. (2008). Wine Marketing a Practical Guide. 
Netherlands: Elsevier.

Hu, F., Wu, Q., Li, Y., Xu, W., Zhao, L., and Sun, Q. (2020). Love at first 
glance but not After deep consideration: The impact of sexually appealing 
advertising on product preferences. Front. Neurosci. 14:465. doi: 10.3389/
fnins.2020.00465

Hubert, M., and Kenning, P. (2008). A current overview of consumer neuroscience. 
J. Consum. Behav. 7, 272–292. doi: 10.1002/cb.251

Inscha, G. S., and McBride, J. B. (2004). The impact of country-of-origin cues 
on consumer perceptions of product quality: A binational test of the 
decomposed country-of-origin construct. J. Bus. Res. 57, 256–265. doi: 
10.1016/S0148-2963(02)00323-5

Jaafar, S. N., Lalp, P. E., and Naba, M. M. (2012). Consumers’ perceptions, 
attitudes and purchase intention towards private label food products in 
Malaysia. J. Bus. Manag. Sci. 2, 73–90.

Johnson, R., and Bruwer, J. (2007). Regional brand image and perceived wine 
quality: the consumer perspective. Int. J. Win. Bus. Res. 19, 276–297. doi: 
10.1108/17511060710837427

Jolicoeur, P., Brisson, B., and Robitaille, N. (2008). Dissociation of the N2pc 
and sustained posterior contralateral negativity in a choice response task. 
Br. Res. 1215, 160–172. doi: 10.1016/j.brainres.2008.03.059

Karmarkar, U. R., and Plassmann, H. (2019). Consumer neuroscience: Past, 
present, and future. Organiz. Res. Meth. 22, 174–195. doi: 10.1177/ 
1094428117730598

Khachatryan, H., Rihn, A. L., Campbell, B., Yue, C., Hall, C., and Behe, B. 
(2017). Visual attention to eco-labels predicts consumer preferences for 
pollinator friendly plants. Sustainability 9:1743. doi: 10.3390/su9101743

Kim, Y., Park, K., Kim, Y., Yang, W., Han, D. U., and Kim, W. S. (2020). The 
impact of visual art and high affective arousal on heuristic decision-making 
in consumers. Front. Psych. 11:2994. doi: 10.3389/fpsyg.2020.565829

Krajbich, I., Armel, C., and Rangel, A. (2010). Visual fixations and the computation 
and comparison of value in simple choice. Nat. Neurosc. 13, 1292–1298. 
doi: 10.1038/nn.2635

Krucien, N., Ryan, M., and Hermens, F. (2017). Visual attention in multi-
attributes choices: what can eye-tracking tell us? J. Econom. Behav. Organiz. 
135, 251–267. doi: 10.1016/j.jebo.2017.01.018

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1038/nrn2795
https://doi.org/10.1038/nrn2795
https://doi.org/10.1108/17511061011035198
https://doi.org/10.1016/j.clinph.2014.04.021
https://doi.org/10.1016/j.foodqual.2004.06.001
https://doi.org/10.1108/09547540610704774
https://doi.org/10.1080/09571260701660847
https://doi.org/10.1016/j.newideapsych.2017.03.013
https://doi.org/10.3389/fnins.2020.594566
https://doi.org/10.1016/j.ohx.2020.e00125
https://doi.org/10.1111/j.1475-1313.1997.tb00072.x
https://doi.org/10.1108/17511060710817212
https://doi.org/10.1016/S0950-3293(03)00024-7
https://doi.org/10.1080/09571260701526865
https://doi.org/10.1016/j.ijpsycho.2015.05.004
https://doi.org/10.3390/bs9100109
https://doi.org/10.1111/jpim.12212
https://doi.org/10.1016/j.jebo.2011.08.009
https://doi.org/10.1016/j.neucom.2019.02.045
https://doi.org/10.2501/JAR-2019-015
https://doi.org/10.1108/EJM-09-2013-0509
https://doi.org/10.1108/17511060910948008
https://doi.org/10.1088/2057-1976/abdbbc
https://doi.org/10.1108/10610421211228801
https://doi.org/10.1108/17511061011092410
https://doi.org/10.3389/fnins.2019.01426
https://doi.org/10.1016/j.ymeth.2006.12.001
https://doi.org/10.1016/j.physbeh.2018.04.030
https://doi.org/10.1167/10.5.20
https://doi.org/10.1108/EUM0000000004649
https://doi.org/10.1093/eurrag/jbi011
https://doi.org/10.3389/fnins.2020.00465
https://doi.org/10.3389/fnins.2020.00465
https://doi.org/10.1002/cb.251
https://doi.org/10.1016/S0148-2963(02)00323-5
https://doi.org/10.1108/17511060710837427
https://doi.org/10.1016/j.brainres.2008.03.059
https://doi.org/10.1177/1094428117730598
https://doi.org/10.1177/1094428117730598
https://doi.org/10.3390/su9101743
https://doi.org/10.3389/fpsyg.2020.565829
https://doi.org/10.1038/nn.2635
https://doi.org/10.1016/j.jebo.2017.01.018


Alvino et al. Attentional Preferences for Wine Labelings

Frontiers in Psychology | www.frontiersin.org 14 October 2021 | Volume 12 | Article 688713

Lacoste-Badie, S., Gallopel-Morvan, K., Droulers, O., Diouf, J.F., Moirand, R., 
Duché, Q., et al. (2020). How does the content of alcohol advertisements 
influence brain activation? in Proceeding of Neuro Psycho Economics Conference 
Amsterdam, The Netherlands; June 11–12, 2020.

Lange, C., Martin, C., Chabanet, C., Combris, P., and Issanchou, S. (2002). 
Impact of the information provided to customers on their willingness to 
pay for champagne: comparison with hedonic scores. Food Qual. Pref. 13, 
597–608. doi: 10.1016/S0950-3293(02)00059-9

Laeng, B., Suegami, T., and Aminihajibashi, S. (2016). Wine labels: An eye-
tracking and pupillometry study. Int. J. Wine Bus. Res. 28, 327–348. doi: 
10.1108/IJWBR-03-2016-0009

Lans, I. A. V. D., Ittersum, K. V., Cicco, A. D., and Loseby, M. (2001). The 
role of the region of origin and EU certificates of origin in customers 
evaluation of food products. Euro. J. Agric. Econ. 28, 451–477. doi: 10.1093/
erae/28.4.451

Larson, A. A. (2012). Generation Yine: The Millennial generation and wine 
label trends, in [Bachelor thesis] [San Luis Obispo (CA)]: Graphic Communication 
Department California Polytechnic State University; March, 2012.

Latiff, Z. A., Rezai, G., Mohamed, Z., and Ayob, M. A. (2015). Food labels’ 
impact assessment on customers purchasing behavior in Malaysia. J. Food 
Prod. Mark. 22, 137–146. doi: 10.1080/10454446.2013.856053

Lee, N., Broderick, A. J., and Chamberlain, L. (2006). What is neuromarketing? 
A discussion and agenda for future research. Int. J. Psychophys. 63, 199–204. 
doi: 10.1016/j.ijpsycho.2006.03.007

Liu, J., Mo, Z., Fu, H., Wei, W., Song, L., and Luo, K. (2021). The effect of 
reviewers’ self-disclosure of personal review record on consumer purchase 
decisions: An ERPs investigation. Front. Psychol. 11:609538. doi: 10.3389/
fpsyg.2020.609538

Luck, S. J., and Kappenman, E. S. (2011). The Oxford Handbook of Event- 
Related Potential Components. United Kingdom: Oxford university press.

Luke, S. G., Darowski, E. S., and Gale, S. D. (2018). Predicting eye-movement 
characteristics across multiple tasks from working memory and executive 
control. Mem. Cognit. 46, 826–839. doi: 10.3758/s13421-018-0798-4

Ma, Q., Abdeljelil, H. M., and Hu, L. (2019a). The influence of the consumer 
ethnocentrism and cultural familiarity on brand preference: evidence of 
event-related potential (ERP). Front. Hum. Neurosci. 13:220. doi: 10.3389/
fnhum.2019.00220

Ma, Q., Zhang, L., and Wang, M. (2019b). Corrigendum: “you win, you buy”—
how continuous win effects influence Consumers’ Price perception: An ERP 
study. Front. Neurosci. 13:167. doi: 10.3389/fnins.2019.00167

Mueller, S., and Lockshin, L. (2008). How important is wine packaging for 
consumers? On the reliability of measuring attribute importance with direct 
verbal versus indirect visual methods, in Proceedings of 4th International 
Conference of the Academy of Wine Business Research, Siena, Italy; July 
17–19, 2008.

Mueller, S., and Szolnoki, G. (2010). The relative influence of packaging, labelling, 
branding and sensory attributes on liking and purchase intent: customers 
differ in their responsiveness. F. Qual. Pref. 21, 774–783. doi: 10.1016/j.
foodqual.2010.07.011

Murray, M. M., and Antonakis, J. (2019). An introductory guide to organizational 
neuroscience. Org. Res. Methods 22, 6–16. doi: 10.1177/1094428118802621

Olson, J. C., and Jacoby, J. (1972). “Cue utilization in the quality perception 
process,” in SV - Proceedings of the Third Annual Conference of the Association 
for Consumer Research. ed. M. Venkatesan (Chicago, IL: Association for 
Consumer Research), 167–179.

Orth, U. R., and Malkewitz, K. (2008). Holistic package design and consumer 
brand impressions. J. Mark. 72, 64–81. doi: 10.1509/JMKG.72.3.064

Pechmann, C., and Ratneshwar, S. (1992). Consumer covariation judgments: 
Theory or data driven? J. Consum. Res. 19, 373–386. doi: 10.1086/209308

Plassmann, H., Yoon, C., Feinberg, F. M., and Shiv, B. (2010). Consumer 
neuroscience, in Wiley international encyclopedia of marketing; December 
15, 2010.

Plassmann, H., Ramsøy, T. Z., and Milosavljevic, M. (2012). Branding the 
brain: A critical review and outlook. J. Consum. Psychol. 22, 18–36. doi: 
10.1016/j.jcps.2011.11.010

Ramsøy, T. Z. (2014). Introduction to Neuromarketing and Consumer Neuroscience. 
Denmark: Neurons Inc.

Rayner, K. (1998). Eye movements in reading and information processing: 20 
years of research. Psychol. Bull. 124, 372–422. doi: 10.1037/0033-2909.124.3.372

Rayner, K. (2009). Eye movements and attention in reading, scene perception, 
and visual search. Quart. J. Exp. Psych. 62, 1457–1506. doi: 
10.1080/17470210902816461

Rayner, K., Abbott, M. J., and Plummer, P. (2015). “Individual differences in 
perceptual processing and eye movements in reading,” in Handbook of 
Individual Differences in Reading: Reader, Text, and Context. ed. P. Afflerbach 
(United Kingdom: Routledge), 366–381.

Rayner, K., and Reingold, E. M. (2015). Evidence for direct cognitive control 
of fixation durations during reading. Curr. Opin. Behav. Sci. 1, 107–112. 
doi: 10.1016/j.cobeha.2014.10.008

Reutskaja, E., Nagel, R., Camerer, C. F., and Rangel, A. (2011). Search dynamics 
in consumer choice under time pressure: an eye-tracking study. Amer. Econ. 
Rev. 101, 900–926. doi: 10.1257/aer.101.2.900

Risius, A., Klann, B. O., and Meyerding, S. G. (2019). Choosing a lifestyle? 
Reflection of consumer extrinsic product preferences and views on important 
wine characteristics in Germany. Win. Econ. Polic. 8, 141–154. doi: 10.1016/j.
wep.2019.09.001

Russo, V. (2015). Neuromarketing, comunicazione e comportamenti di consumo. 
Principi, strumenti e applicazioni nel food and wine. Milan: Franco Angeli.

Russo, V., Songa, G., Milani Marin, L. E., Balzaretti, C. M., and Tedesco, D. E. A.  
(2020). Novel food-based product communication: A neurophysiological study. 
Nutrients 12:2092. doi: 10.3390/nu12072092

Sáenz-Navajas, M. P., Campo, E., Sutan, A., Ballester, J., and Valentin, D. 
(2013). Perception of wine quality according to extrinsic cues: The case 
of Burgundy wine consumers. Food Qual. Pref. 27, 44–53. doi: 10.1016/j.
foodqual.2012.06.006

Spence, C. (2016). “Multisensory packaging design: color, shape, texture, sound, 
and smell,” in Integrating the Packaging and Product Experience in Food 
and Beverages: A Road-Map to Consumer Satisfaction. ed. P. Burgess (Woodhead 
Publishing), 1–22.

Stasi, A., Songa, G., Mauri, M., Ciceri, A., Diotallevi, F., Nardone, G., et al. 
(2018). Neuromarketing empirical approaches and food choice: A systematic 
review. Food Res. Int. 108, 650–664. doi: 10.1016/j.foodres.2017.11.049

Sung, B., Wilson, N. J., Yun, J. H., and Lee, E. J. (2019). What can neuroscience 
offer marketing research? A. Pac. J. Mark. Log. 32, 1089–1111. doi: 10.1108/
APJML-04-2019-0227

Tang, L., Lee, A. H., Binns, C. W., Yang, Y., Wu, Y., Li, Y., et al. (2014). 
Widespread usage of infant formula in China: A major public health problem. 
Birth 41, 339–343. doi: 10.1111/birt.12132

Tang, V. C. M., Tchetchik, A., and Cohen, E. (2015). Perception of wine labels 
by Hong Kong Chinese consumers. Win. Econ. Polic. 4, 12–21. doi: 10.1016/j.
wep.2015.02.002

Terrien, C., and Steichen, D. (2008). Accounting for social taste: application 
to the demand for wine. Int. J. Win. Bus. Res 20, 260–275. doi: 
10.1108/17511060810901064

Thomas, A., and Pickering, G. (2003). The importance of wine label information. 
Int. J. Win. Mark. 15, 58–74. doi: 10.1108/eb008757

Töllner, T., Müller, H. J., and Zehetleitner, M. (2012). Top-down dimensional 
weight set determines the capture of visual attention: evidence from the 
PCN component. Cereb. Cort. 22, 1554–1563. doi: 10.1093/cercor/bhr231

Töllner, T., Zehetleitner, M., Gramann, K., and Müller, H. J. (2011). Stimulus 
saliency modulates pre-attentive processing speed in human visual cortex. 
PLoS One 6:e16276. doi: 10.1371/journal.pone.0016276

Tootelian, D. H., and Ross, K. (2000). Product labels: What information do 
consumers want, and will they believe it? J. Food Prod. Mark. 6, 25–38. 
doi: 10.1300/J038v06n01_03

Underwood, R. L., Klein, N. M., and Burke, R. R. (2001). Packaging communication: 
attentional effects of product imagery. J. Prod. Br. Manag. 10, 403–422. doi: 
10.1108/10610420110410531

van der Lubbe, R. H. J., Jaśkowski, P., Wauschkuhn, B., and Verleger, R. (2001). 
Influence of time pressure in a simple response task, a choice-by-location 
task, and the Simon task. J. Psychop. 15, 241–255. doi: 
10.1027/0269-8803.15.4.241

van der Lubbe, R. H., and Verleger, R. (2002). Aging and the Simon task. 
Psychophysiology 39, 100–110. doi: 10.1111/1469-8986.3910100

van Loo, E. J., Caputo, V., Nayga, R. M. Jr., Seo, H. S., Zhang, B., and Verbeke, W. 
(2015). Sustainability labels on coffee: consumer preferences, willingness-
to-pay and visual attention to attributes. Ec. Econ. 118, 215–225. doi: 10.1016/j.
ecolecon.2015.07.011

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/S0950-3293(02)00059-9
https://doi.org/10.1108/IJWBR-03-2016-0009
https://doi.org/10.1093/erae/28.4.451
https://doi.org/10.1093/erae/28.4.451
https://doi.org/10.1080/10454446.2013.856053
https://doi.org/10.1016/j.ijpsycho.2006.03.007
https://doi.org/10.3389/fpsyg.2020.609538
https://doi.org/10.3389/fpsyg.2020.609538
https://doi.org/10.3758/s13421-018-0798-4
https://doi.org/10.3389/fnhum.2019.00220
https://doi.org/10.3389/fnhum.2019.00220
https://doi.org/10.3389/fnins.2019.00167
https://doi.org/10.1016/j.foodqual.2010.07.011
https://doi.org/10.1016/j.foodqual.2010.07.011
https://doi.org/10.1177/1094428118802621
https://doi.org/10.1509/JMKG.72.3.064
https://doi.org/10.1086/209308
https://doi.org/10.1016/j.jcps.2011.11.010
https://doi.org/10.1037/0033-2909.124.3.372
https://doi.org/10.1080/17470210902816461
https://doi.org/10.1016/j.cobeha.2014.10.008
https://doi.org/10.1257/aer.101.2.900
https://doi.org/10.1016/j.wep.2019.09.001
https://doi.org/10.1016/j.wep.2019.09.001
https://doi.org/10.3390/nu12072092
https://doi.org/10.1016/j.foodqual.2012.06.006
https://doi.org/10.1016/j.foodqual.2012.06.006
https://doi.org/10.1016/j.foodres.2017.11.049
https://doi.org/10.1108/APJML-04-2019-0227
https://doi.org/10.1108/APJML-04-2019-0227
https://doi.org/10.1111/birt.12132
https://doi.org/10.1016/j.wep.2015.02.002
https://doi.org/10.1016/j.wep.2015.02.002
https://doi.org/10.1108/17511060810901064
https://doi.org/10.1108/eb008757
https://doi.org/10.1093/cercor/bhr231
https://doi.org/10.1371/journal.pone.0016276
https://doi.org/10.1300/J038v06n01_03
https://doi.org/10.1108/10610420110410531
https://doi.org/10.1027/0269-8803.15.4.241
https://doi.org/10.1111/1469-8986.3910100
https://doi.org/10.1016/j.ecolecon.2015.07.011
https://doi.org/10.1016/j.ecolecon.2015.07.011


Alvino et al. Attentional Preferences for Wine Labelings

Frontiers in Psychology | www.frontiersin.org 15 October 2021 | Volume 12 | Article 688713

van Strien, J. W. (1992). Classificatie van links-en rechtshandige proefpersonen. 
Nederlands Tijdschrift voor de Psychologie en haar Grensgebieden 47, 88–92.

van Strien, J.W. (2003). The Dutch Handedness Questionnaire. Available at: 
http://hdl.handle.net/1765/956 (Accessed October 13, 2003).

Veale, R., and Quester, P. (2009). Do consumer expectations match experience? 
Predicting the influence of price and country of origin on perceptions 
of product quality. Int. Bus. Rev. 18, 134–144. doi: 10.1016/j.
ibusrev.2009.01.004

Venkatraman, V., Dimoka, A., Pavlou, P. A., Vo, K., Hampton, W., Bollinger, B., 
et al. (2015). Predicting advertising success beyond traditional measures: 
new insights from neurophysiological methods and market response modeling. 
J. Mark. Res. 52, 436–452. doi: 10.1509/jmr.13.0593

Varela, P., Antúnez, L., Cadena, R. S., Giménez, A., and Ares, G. (2014). 
Attentional capture and importance of package attributes for consumers’ 
perceived similarities and differences among products: A case study with 
breakfast cereal packages. Food Res. Int. 64, 701–710. doi: 10.1016/j.
foodres.2014.08.015

Vossel, S., Geng, J. J., and Friston, K. J. (2014). Attention, predictions and 
expectations, and their violation: attentional control in the human brain. 
Front. Hum. Neurosci. 8:490. doi: 10.3389/fnhum.2014.00490

Yan, L., Xiaojun, F., Li, J., and Dong, X. (2019). Extrinsic cues, perceived 
quality, and purchase intention for private labels. A. Pac. J. Mark. Log. 31, 
714–727. doi: 10.1108/APJML-08-2017-0176

Yu, W., Sun, Z., He, Z., Ye, C., and Ma, Q. (2020). Symbolic product superiority 
in the neural salience of compensatory consumption behavior. Front. Psychol. 
11:838. doi: 10.3389/fpsyg.2020.00838

Zeithaml, V. (1988). Customers perceptions of price, quality, and value: A  
means-end model and synthesis of evidence. J. Mark. 52, 2–22. doi: 10.2307/1251446

Conflict of Interest: 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.

Publisher’s Note: All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product that may 
be evaluated in this article, or claim that may be made by its manufacturer, is 
not guaranteed or endorsed by the publisher.

Copyright © 2021 Alvino, Constantinides and van der Lubbe. This is an open-
access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright owner(s) are credited and that 
the original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
http://hdl.handle.net/1765/956
https://doi.org/10.1016/j.ibusrev.2009.01.004
https://doi.org/10.1016/j.ibusrev.2009.01.004
https://doi.org/10.1509/jmr.13.0593
https://doi.org/10.1016/j.foodres.2014.08.015
https://doi.org/10.1016/j.foodres.2014.08.015
https://doi.org/10.3389/fnhum.2014.00490
https://doi.org/10.1108/APJML-08-2017-0176
https://doi.org/10.3389/fpsyg.2020.00838
https://doi.org/10.2307/1251446
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Consumer Neuroscience: Attentional Preferences for Wine Labeling Reflected in the Posterior Contralateral Negativity
	Introduction
	Methodology
	Participants
	Procedures and Task
	Stimuli
	Behavioral and EEG Data Acquisition and Analysis

	Results
	Behavioral Data
	EEG Data

	Discussion
	Conclusion
	Limitations and Future Work

	Summary
	Data Availability Statement
	Ethics Statement
	Author Contributions

	References

