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Unlike traditional researchmethods used for investigating consumer responses

to di�erent stimuli such as surveys, interviews or focus groups, recently, the

autonomic neuropsychological measures have been implemented within the

neuromarketing field to obtain subconscious preferences from the consumer’s

brain. In the current study, the webcam-based eye-tracking technology is

used to analyze both visual and emotional reflects of the consumer green

purchasing behavior, which has grown notably in the last decade. The main

interest was to assess whether the color packaging a�ects the BIO label and

if such a label is essential for consumers’ purchasing behavior. The packaging

designs of the twowell-known products fromone of Croatia’s most prominent

food processing companies were manipulated in packaging color and the BIO

label placement. The results have shown that regardless of the package design

and the placement of the BIO label, participants elicited higher intensities of

negative emotion. The eye-tracking metrics showed that for both products

the color of the packaging and the BIO label placement matter.

KEYWORDS

food packaging design, eye-tracking, neuromarketing, decision-making,

bio-production of hydrogen

Introduction

Forecasting consumer purchase behavior is a key challenge marketers face across

geographies. The continuous consumer exposure to novel technologies and products has

made it progressively problematic to investigate consumer purchase behavior. Similarly,

consumers product choices are often driven by reasons of which they themselves are not

fully aware (Stasi et al., 2018). Understanding the features that drive consumers toward

purchase selections is a perilous part of business planning and retailer prediction (Gil

et al., 2017).

The multidisciplinary field of neuromarketing empirically measures and perceives

consumers emotional and unprompted responses through the tender of neuroscientific

procedures to investigate consumer behavior (Stasi et al., 2018). To gain insights about

the part that emotions and values play in economic decision-making developments,

neuromarketing research focuses on the fundamental neuro-physical and biological

processes that are accountable for our choices and conduct (Plassmann et al., 2012;

Kopton and Kenning, 2014). According to researchers, neuroscience reveals concealed
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data such as feelings, emotions, memories, values and judgments

that is unobtainable through orthodox approaches (Babutsidze

and Chai, 2018; Lim, 2018), and that neural activity can assist

in foreseeing consumer preferences for products (Telpaz et al.,

2015).

From a fundamental standpoint, packaging holds, guards

and presents the product. However, due to the progression

of marketing, this notion has been altered, integrating a

variety of supplementary roles, placing packaging as a crucial

communicator of a brand or products identity, as well as a

tool for marketing due to its role in enticing the attention

of consumers (Gómez et al., 2015). The role of packaging in

the purchase process has been intensely studied (Kuvykaite,

2009; Estiri et al., 2010) with most studies approving that

packaging is imperative principally due to it being the core

source of data accessible to the consumer. This is then used to

not only hypothesize a perception of the product, but also to

appraise its professed worth and brand based on the packaging

design (Gómez et al., 2015) and subsequently, impact consumers

shopping behavior (Silayoi and Speece, 2004; Clement, 2007;

Méndez et al., 2011). Consequently, packaging has become a

significant driver for marketers to investigate and comprehend

how packaging design influences consumers partiality.

The consumer response to diverse stimuli has been studied

for decades with the aim of finding new ways to advance

packaging, product development, advertising campaigns

or product positioning. Consumer decision making about

products is prejudiced by a multifaceted range of emotions,

feelings, attitudes and values that may be problematic to

measure. Previous research on packaging has emphasized the

multifunctionality of packaging (Rundh, 2005, 2013; Simms

and Trott, 2010; Sims et al., 2014), whereas other studies

have explored how dissimilar fundamentals of packaging

(e.g., shape, size, color, images) can affect consumer behavior

(Silayoi and Speece, 2004; Ares et al., 2013; Mohebbi, 2014).

Traditionally, research investigating consumer response to

different stimuli used heterogenous methodology such as

surveys, interviews or focus groups on their assessment of

various concepts related to these subjects, where consumers

themselves intentionally account their stimuli evaluation.

However recently, autonomic neurophysiological measures

have been unified to obtain unconscious evidence from the

consumer’s brain. The use of functional magnetic resonance

imaging, electroencephalography, facial recognition and eye

tracking have since been applied in neuromarketing.

Eye tracking is an instrument for the scrutiny of visual

attention which pursues to associate visual attention with the

cognitive and emotional responses of consumers. Eye tracking

measures where the consumer is watching (gaze or fixation

point), the period of time that the consumer has looked at this

firm point, the movement of their eyes in relation to their head,

pupil dilation and, the quantity of blinks (Zurawicki, 2010).

The principal of this procedure is the dependence on a source

of light (visible or invisible) that brightens the eye, causing

extremely measurable reflections which is taken by a camera

(Guestrin and Eizenman, 2006). It is a biometric approach

to neuromarketing that generates information on behavioral

and cognitive responses deprived of unswervingly measuring

brain activity. Understanding the apparatuses that chaperon

consumers to select certain points of interest in an image have

implications to the business word in that it can offer evidence on

what is of greater significance to the contribution of attention in

diverse marketing concerns (Fitszman et al., 2013).

Present-day research on consumer behavior deliberates

that an assortment of variables impact consumer activities

beyond purchasing. Such factors commonly include need

recognition, data exploration, assessment of substitutes, the

act of purchasing and discarding. The first consumer decision

model was developed by Howard (1963), providing a cultured

incorporation of the numerous social, psychological and

marketing stimuli that impact on consumer choice into a

comprehensible arrangement of data processing elements.

The theory of buyer behavior is an analytic feature of the

cognitive consumer behavior model (Moital, 2007) and the

common themes of buyer behavior since its proposition

include (a) attention—the scale of the buyers data intake,

(b) comprehension—the managed and understood data that

is used, (c) attitudes—the purchasers appraisal of a particular

brands ability to gratify purchase motives (d) intention—

the buyers prediction of which product they will purchase

(e) purchase behavior—the actual reflection of the consumers

predisposition to buy as adapted by any inhibitors. A review of

the buyer behavior theory signifies the intricacy of consumer

options and identifies the crucial procedures that underwrite

consumer behavior.

Cognitive influence on consumer
decision making

Cognition and the influence it has on rational and emotional

processes have a history in influencing the buying behavior

of an individual. Numerous regions of the prefrontal cortex

positioned in the frontal lobe of the brain, play an imperative

part in the underlying processes of decision making. Some

studies in specific emphasize that both the orbitofrontal cortex

and the ventromedial prefrontal cortex are intricated in decision

making processes by weighing the supposed worth of various

choices and probable results (Tremblay and Schultz, 1999;

Daw et al., 2006). Importantly, the orbitofrontal cortex has

been linked with the assessment of the anticipated capacity

of outcomes in terms of the aptitude to gratify a person’s

desires (Wallis, 2007), particularly because it holds an important

dominant part in selecting suitable behaviors predominantly
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in volatile circumstances (Elliott et al., 2000). Given its

participation in cognitive regulation over emotion and, in

playing a role in impulse control, the dorsolateral prefrontal

cortex holds a grave position in decision making (Rilling

et al., 2008). Cognitive Psychologists have suggested that the

emotional responses that originate from these cognitive areas

may influence consumer preferences decisions.

The role of emotions on consuming
decision making

Cognitive Psychological theories have emphasized the

impact of emotions in the rational decision making process.

In marketing, consumers are exposed to emotion-inducing

advertising for example, in the method of commercials, product

packaging and positioning (Lee et al., 2013; Chen et al., 2015).

Brand and marketing methodically depict and induce emotions

that hearten warranted consumer responses and research linked

to consumer behavior have profoundly discovered the impact

that cognitive psychology and, play a role in forecasting

consumer decision making and the consequences (Bettman and

Zins, 1979).

Neuroscientific studies have shown that emotional processes

and feelings, which can either be unconscious or conscious,

contribute to sentimental feedback loops in both cases (Dolcos

and Denkova, 2014; Siddharthan et al., 2018), and that this is

momentous to decision making, learning, and problem solving.

According to research, emotions also have an influence on

attention and therefore act as a key contributor in consumer

choice and decision making processes. For example, research by

Shiv and Fedorikhin (1999) suggests that consumer decisions are

influenced by unprompted unconscious sentimental responses

from stimuli that involve little or no cognitive effort.

Additionally, research by Reimann et al. (2010) reported that

aesthetic packaging activates these sentimental brain areas,

positively activating product choice.

The role of packaging design on
consumer decision making

Images are recurrently used as effective design apparatuses.

They can be illustrative, photographic, or on some occasions,

come in the form of icons or symbols (Klimchuk and Krasovec,

2013). A high-level review of research suggests that images tend

to have greater influencing effects on the assessment of a product

than other elements such as size (Klimchuk and Krasovec,

2013), and, that they have a more robust impact on consumers

emotional responses (Larsen and Grunert, 2003). Furthermore,

researchers have also suggested that packaging containing

pictures act as an essential cue in positively influencing a series

of consumer responses including attitudes toward the package,

as well as beliefs about sensory brand characteristics.

Another important packaging component is color which

is habitually used to transport diverse messages such as

price quality, gender and age (Klimchuk and Krasovec, 2013)

to the consumer. For example, researchers have established

that black is regularly connected with luxury and green to

organic and ecological products (Klimchuk and Krasovec, 2013).

Correspondingly, Goldberg et al. (1999) observed that when

color contemplation was prioritized in product development,

the attention of consumers amplified. Likewise, research has also

shown that colors also aid in assigning packaging differentiation

and thus, have the authority to gain the attention of the

consumer (Klimchuk and Krasovec, 2013). Moreover, colors

have historically been found to impact and scientifically narrate

to consumers emotional responses (Gao and Xin, 2006). These

researchers established for example, that high wavelength

colors (e.g., yellow, red and orange) are more exhilarating

and stimulating than colors of lower wavelengths (e.g., blue

and green), and have thereby been observed to induce more

elevated moods.

Visual stimuli in consumer buying
behavior theory

Literature on consumer buying behavior discusses

multifaceted processes comprising internal and external

variables that together impact decision making. A product

package also has a visual appeal that can be attractive or

unattractive to customers and a high-level review of the

evidence suggests that stimuli from graphic features employ

an effect on exploration strategy and response time and, that

an exclusive packaging tactic can be a prevailing benefit in

capturing attention and driving consumer purchases (Clement,

2007). This concept has been thoroughly investigated and

researched. One example comes from a study which suggested

consumer behavior to be a range of physical, emotional and

mental actions, in which they are involved with selecting,

procuring or using products to please their longing (Cherubino

et al., 2019). This concept has been mirrored by further studies

which accentuate the importance of producing packaging that

create optimistic assessments after purchase rather than those

which only increase consumer attention.

Bio products and consumer purchase
behavior

In recent years, research on consumer green purchasing

behavior has grown notably, attracting curiosity from
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researchers and practitioners (Prothero et al., 2011). This

concentration on the consumer has been considered supreme,

since they are driving the expansion of the green product market

due to their knowledge, well-being apprehensions and buying

volume (Kautish et al., 2019). It has been suggested that in this

instance, consumer confidence in product integrity is of critical

standing, particularly if the feature demands a price premium as

is the case for organic food or sustainably packed goods.

Endres and Siebert-Raths (2011) outline bio-based

packaging as biodegradable or non-biodegradable materials

used to package a product which are obtained from renewable

raw materials. Such packaging can be fashioned from diverse

natural materials such as sugar cane, starch, cellulose or plant oil

(Barker and Safford, 2009). As bio-based packaging comes from

renewable and sustainable materials the dependence on non-

renewable materials can be condensed, and, depending upon the

crop type, how the crop is refined, the manufacture of bio-based

plastic could also possibly lessen the CO2-emissions associated

with production (Álvarez-Chávez et al., 2012). One study on

green purchasing behavior found that worries regarding the

deterioration of the natural atmosphere (e.g., through climate

alteration and waste production) are progressively transforming

consumer buying behavior to green goods as alternatives

to more orthodox goods (Zaremohzzabieh et al., 2020). A

supporting study conducted among 18–75-year-old consumers

in Ireland and the Netherlands found that consumers in both

countries had comparatively optimistic viewpoints about

bio-based or packed products (Gaffey et al., 2021). In this

study, Irish consumers showed a significantly added optimistic

outlook and preference for purchasing bio based or packaged

products when compared to packaging made from other less

environmentally friendly packaging or fossil-based products.

According to researchers, the consumer drive to purchase

more green products has been guided by (a) the environmental

impact of manufacture and consumption (Ertz et al., 2016), (b)

the simulation of noticeable green behavior (Babutsidze and

Chai, 2018), (c) the perceived need to modify behaviors to

positively affect the environment (Vita et al., 2019), (d) personal

consumer values, green self-identity and ethical motivations

(Barbarossa et al., 2017). Understanding the drive of consumer

behavior and preparedness to purchase has been studied by

Zwicker et al. (2020) who reported that feelings of guilt toward

environmental issues was associated with a higher inclination

to procure bio-packaged products. Interestingly, research on the

role of personal consumer value on purchasing behavior of bio-

packed products found that exceedingly indecisive consumers

are inclined to being more sensitive to the potential risks of

bio-packaged products than less uncertain consumers (Onwezen

et al., 2017).

While prior researches have revealed variables that might

impact consumer purchasing decisions with respect to bio-

labeled products, to the best of our knowledge, no prior studies

have provided biometric evidence using eye tracking equipment

to investigate physiological responses to bio-labeled packaging.

Similarly, there is also limited evidence regarding consumer

preferences for bio-labeled packaging and while several studies

have investigated the price premium that consumers were

willing to pay for bio-packaged products, or their attraction

toward bio-packaged products, most of these studies have

focused on organic foods. In this study, we aim to observe

whether bio-label affects decision making processes and, if

the color of the bio-packaging is important. Understanding

the influence of the consumers subconscious on the decision

making process for the purchase of products with bio-labels

is crucial, such that the evidence gained may assist designers

and marketers in providing consumers with products that are

essentially desired.

Materials and methods

Materials

Images of the two well-known products from one of

the biggest food processing companies in Croatia, Podravka,

were used. The first product was the mashed tomato—

Passata (original packaging of mashed tomato under the name

“Podravka Passata, Istarska rajčica”), while the other was the mix

of spices—Vegeta (Vegeta Original). Vegeta is used in cooking

and it ranks first in terms of volume sales in the category of

dehydrated food additives within 31 European countries1.

Both of these products have the bio line (light brown

color packaging with a prominent bio label; Vegeta Bio and

BIO passata). In addition to the original bio packaging images

(Figures 1A, 2A), two additional images were used in the study

for each product. One image showed the actual color of the

bio packaging but without the bio label (Figures 1B, 2B). In

contrast, in the case of Vegeta, the other image consisted of the

bio label and manipulated packaging color (Figure 2C), while in

the case of Passata, the other image consisted of manipulated

packaging color without the bio label (Figure 1C). In both cases,

the manipulated color (blue) resembled the packaging color

from the non-bio line. The color manipulation was done to

1 This statement is based on Nielsen’s panel data from trade in 31

European countries (Austria, Belarus, Belgium, Bosnia and Herzegovina,

Bulgaria, the Czech Republic, Denmark, Estonia, France, Greece, Croatia,

Ireland, Italy, Latvia, Lithuania, the Netherlands, Norway, Germany,

Hungary, Poland, Portugal, Romania, Russia, Northern Macedonia,

Slovakia, Slovenia, Serbia, Spain, Sweden, Switzerland, and Ukraine),

according to which Vegeta is the leading brand in terms of volume sales

in the category dehydrated (dry) food additives in the period October

2020–September 2021 (copyright © 2021, The Nielsen Company,

all rights reserved). “Link: https://www.vegeta.hr/hr/aktualnosti/vegeta-

najprodavaniji~-dehydrated-food-supplement-in-europe.”
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FIGURE 1

Passata in original BIO packaging, sold in stores (A), original color combination but without the BIO label, not sold in stores (B), and manipulated
color combination, not sold in stores (C). Images copyright protected by Podravka. All manipulations with color and color inversions on
products were made by Podravka exclusively for the purposes of this research.

FIGURE 2

Vegeta in original BIO packaging, sold in stores (A), original color combination but without the BIO label, not sold in stores (B), and manipulated
color combination, not sold in stores (C). Images copyright protected by Podravka. All manipulations with color and color inversions on
products were made by Podravka exclusively for the purposes of this research.

assess whether the packaging color is crucial for consumers

when deciding to purchase products with BIO label.

The online platform for advanced quantitative

neuromarketing research, “Tobii Sticky,” was utilized for

webcam-based eye tracking (15Hz) and facial coding to assess

visual behavior and emotional reaction to the different product

designs. Based on previous testing’s, Sticky’s average gaze error

in a real-world environment is 1.6 to 1.8 degrees, equivalent

to ∼5% of the screen width and 7% of the screen height

on a computer, which suffices this type of neuromarketing

research for obtaining a robust outcome. Participants were

given calibration instructions to ensure that the technical

requirements were met before data collection. Since the study

was conducted outside a controlled laboratory environment,

there was no physical control over the ISO eye tracking

standards. Hence, only recordings marked as “usable” in Tobii

Sticky were used as they suggest that these participants met

the technical requirements (i.e., proper lightning, controlled

movement) entirely. At the end of the experiment, participants

were also asked to answer questions assessing the likelihood of

purchasing the product with the BIO label, the importance of

the BIO label when deciding on what to purchase, and whether

the color of the packaging and its design plays a role in their

decision-making process (Table 4).

Methods

Participants
One hundred and sixty-eight participants from Croatia (18–

65, both gender) were involved in the testing. Eighty seven

participants completed the entire experiment from which we get

33 usable recordings whose gaze and/or emotion was trackable

during their session (i.e., had proper lighting and did not

move). Fifty four participants partially were involved in study

(participants who started the experiment but closed the browser

or had timed out before reaching the end), 1 participant was

excluded from study and 26 where screen out (participants that
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ended their session based on a screen out question or did not

meet technical requirements). To ensure that the desired level of

power and significant results are achieved, the required sample

size was calculated a priori using G∗Power (Faul et al., 2007).

Based on the G∗Power output, a sample size of n = 84 was

required to detect the effect with a power of 80% and a two-sided

significance level of 5% (Supplementary Figure S1).

Tested subjects were recruited from the database of

Podravka customers who regularly buy their products, as well as

from the database of students of the Faculty of Food Technology

and Biotechnology (students with a master’s degree in nutrition)

in the Republic of Croatia. The age range of participants varied

from 18 to 65 years. More than 60 percent of participants were

36–55, while the others were 18–35 years old. The majority of

the participants were either entirely or partially responsible for

procuring groceries in their households, while 3 participants

were not.

Participation in the study was voluntary, and no incentives

were given.

Following the European Code of Ethics for Research, all

participants were informed about the study and gave their

written, informed consent in digital form before taking part

in the study. Otherwise, they were no able to participate.

Participants’ data were treated according to standard practice

and compliance with GDPR. The Ethics Committee of the

Institute for Neuromarketing approved this research and

supervised the study in order to be underlined with local and

international ethical guidelines which are officially published at

the official Institute’s website.

Statistical power analysis program G∗Power (version

3.1.9.7) was used for the calculation of the sample size (Faul

et al., 2009) by use of the one-way analysis of variance (ANOVA)

and fixed effects, using the F-test. Selected parameters used for

the recall results were as follows: an average effect size f = 0.4;

alpha (α) error probability = 0.05; power (1-β) = 0.95 for two

groups. The calculation, based on the input parameters, required

84 subjects, but to avoid any losses (as failures in recording, not

finishing the task), a minimum of 150 subjects was defined as

the total sample, which resulting in a representative pool of 87

respondents who fully completed the survey.

General procedure
An “HTML” link was distributed to all participants. Only

participants with access to computer devices with a working

webcam were able to participate. We have limited participants

to access from computer devices only, to avoid possible

distractions (fuzzy environment, lack of concentration, more

had movements, low lighting conditions, etc.), when they are

exposed to different design which often happens with mobile

device testing. The task started with a 5-point-eye-tracker

calibration which is a standard procedure when using eye-

tracking device. Afterwards, participants were given instructions

to assume that they were currently in the store and that

they would like to buy Passata/Vegeta. To inspect the item

better, they would take that item from the shelf and during

the inspection, they would decide whether they would buy

it or not, given that the price is not an issue. Then, they

were shown three different images per product category. To

control for the order effect, the order of the images was

counterbalanced across participants for both products, and

each image was displayed for 5 s, during which webcam-

based eye-tracking measured participants’ gaze behavior and

emotional expression. Participants were also instructed to skip

any product image with the mouse click at any time. On

this was of doing was able to capture the overall interest

of participants during the experiment. After each image,

participants were given four statements to rate assessing their

conscious preferences and opinions about the seen packaging.

They had 10 s to do that. The total duration of the study was

3min and 22 s.

Statistical analyses
The obtained raw data were processed with Tobii Sticky

software. Eye movement data for each visual stimulus were

categorized into three areas of interest (AOIs): the whole

packaging design, the BIO label, and the EU organic logo area.

The BIO label and EU organic logo areas were selected given

the main research aim of investigating the impact of bio-label

on decision-making behavior and both need to be displayed on

the BIO packaging.

The three AOIs were used in the statistical analyses as a

within-subjects factor. The indicators of visual attention were

eye-tracking metrics, including dwell time (average amount

of time in seconds participants spent looking at a specific

AOI), time to first fixation (TTFF) (average amount of time

in seconds participants needed to notice specific AOI from

the stimulus onset), and the number of fixations. Statistical

analyses of tests of within-subject effects were performed

with IBM SPSS for eye-tracking metrics of attention for both

products to analyze the difference in the visual attention

between the three different package designs. In addition,

the eye tracking qualitative data was used to assess what

participants do not see at all on the packaging. This was

a great asset what we can provide with this testing as

the traditional marketing testing methods cannot capture

subliminal activity.

To investigate the relationship between the results

collected by the questionnaire and the neuromarketing

approach, multivariate approach, by use of partial

least squares (PLS) regression was conducted. The

efficiency of the input/output variables was quantified

with the regression coefficients (Rc). The multivariate

analysis was carried out in the program XLSTAT

Version 2014.5.03.
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FIGURE 3

Attention results based on the heat map for Vegeta original packaging with BIO label (A), original packaging without the BIO label (B), and
manipulated blue packaging (C).

FIGURE 4

Attention results based on the heat map for Passata original packaging with BIO label (A), original packaging without the BIO label (B), and
manipulated blue packaging (C).

Results

A color gradient overlay visualization (heat map) was used

to show the general distribution of gaze points (where the eyes

were looking at) and to inspect which packaging design elements

attract attention the most.

A higher number of gaze points are illustrated in red, while

green color indicates lower number of gaze points directed to

specific parts of the packaging design. As indicated in Figure 3,

participants spent most of the time looking at the BIO label

area regardless of the packaging design. At the same time, the

EU organic logo was barely (Figures 3A,B) or not at all noticed

(Figure 3C). The same pattern was also observed for Passata

(Figure 4).

Vegeta

Color manipulation
A test of within-subject effects was conducted to inspect any

differences in visual attention within the AOIs if the packaging

colors were changed. In the case of Vegeta, the ANOVA results

showed that there was not a significant difference in the dwell

time between the original packaging with the BIO label and

color-manipulated blue packaging [F(1,32) = 1.70, p = 0.20].

No significant difference in the dwell time was also not found

between the BIO label area at the original packaging with the

BIO label and the BIO label area from the blue packaging [F(1,32)
= 3.86, p = 0.06] nor between the EU organic logo area from

the original packaging with the BIO label and the EU organic

logo area from the blue packaging [F(1,32) = 0.68, p= 0.42] was

found (Table 1). The EU organic logo is located on the upper

right part of the packaging.

The same results pattern was found when it comes to

the visual saliency of both packaging designs. No significant

difference in the time to first fixation was found between the

original packaging with the BIO label and the blue packaging

[F(1,32) = 1.05, p = 0.31]. Moreover, no significant statistical

difference was found between the BIO label area of the original

packaging with the BIO label and the BIO label area of the

blue packaging [F(1,32) = 0.68, p = 0.42], nor between the EU

organic logo area from the original packaging with the BIO
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TABLE 1 Eye-tracking metrics assessing visual attention during color

manipulation for both products.

AOI Dwell time (s) TTFF (s) Number of

fixations

Vegeta

Original packaging

with BIO label

4.47 0.12 2,329

BIO label 1.61 0.44 835

EU organic logo 0.35 2.45 171

Blue packaging 4.35 0.09 2,274

BIO label 1.92 0.39 1,003

EU organic logo 0.38 2.39 135

Passata

Original packaging

without BIO label

4.44 0.09 2,317

BIO label area 1.82 0.28 948

EU organic logo 0.35 2.99 117

Blue packaging 4.51 0.12 2,358

BIO label area 2.12 0.52 1,103

EU organic logo 0.34 2.85 103

label and EU organic logo area from the blue packaging [F(1,32)
= 1.54, p = 0.22]. A statistical comparison of the number of

fixations revealed no significant difference between the original

packaging with the BIO label and blue packaging [F(1,32) =

1.40, p = 0.25], nor between the EU organic logo areas of the

two packaging options [F(1,32) = 0.80, p = 0.38]. However,

a significant statistical difference was found in the number of

fixations for the BIO label areas [F(1,32) = 4.00, p = 0.05]. The

BIO label area of the blue packaging had a significantly higher

number of fixations when compared to the BIO label area from

the original packaging with the BIO label.

Bio-label manipulation
The obtained results (Table 2) reveal no significant statistical

difference in the dwell time between the original packaging with

the BIO label and the original packaging without the BIO label

[F(1,32) = 0.33, p= 0.57], nor between the EU organic logo areas

of the two designs [F(1,32) = 0.83, p = 0.37]. When it comes to

the BIO label areas, participants spent significantly more time

looking at the BIO label area on the original packaging without

the BIO label than on the packaging with the BIO label [F(1,32) =

29.36, p= 0.00]. The assessment of visual saliency has shown no

significant statistical difference in time to first fixation between

the original packaging with the BIO label and original packaging

without the BIO label [F(1,32) = 1.20, p= 0.28], nor between the

BIO label areas of two packages [F(1,32) = 1.29, p = 0.26] or the

EU organic logo areas of two packages [F(1,32) = 0.20, p= 0.66].

Furthermore, no significant statistical difference was found in

TABLE 2 Eye-tracking metrics assessing visual attention during

bio-label manipulation for both products.

AOI Dwell time (s) TTFF (s) Number of

fixations

Vegeta

Original packaging

with BIO label

4.47 0.12 2,329

BIO label 1.61 0.44 835

EU organic logo 0.35 2.45 171

Packaging without

BIO label

4.39 0.16 2,218

BIO label area 2.50 0.38 1,298

EU organic logo 0.54 2.31 222

Passata

Original packaging

with BIO label

4.40 0.14 2,225

BIO label 1.33 0.94 633

EU organic logo 0.28 2.84 82

Original packaging

without BIO label

4.44 0.09 2,317

BIO label area 1.82 0.28 948

EU organic logo 0.35 2.99 117

the number of fixations between the original BIO packaging

with the BIO label and without the BIO label [F(1,32) = 0.34,

p = 0.56], nor in the EU organic logo areas of the two package

designs [F(1,32) = 0.72, p = 0.40]. However, significantly more

fixations were directed toward the BIO label area of the original

packaging without the BIO label than at the same area of the

original packaging with the BIO label [F(1,32) = 30.38, p= 0.00].

Passata

Color manipulation
When assessing the difference in visual attention for

the manipulated color packaging for Passata, no significant

statistical difference in dwell time was found between the

original packaging without the BIO label and the blue packaging

[F(1,32) = 2.08, p = 0.16] nor between the EU organic logo

areas for the two packaging options [F(1,32) = 1.16, p = 0.29].

Furthermore, no significant statistical difference in dwell time

was found for the BIO label areas [F(1,32) = 3.83, p = 0.06]

(Table 1). The comparison of time to first fixation parameter

showed no significant statistical difference between the two

packaging options [F(1,32) = 0.27, p= 0.61] nor between the EU

organic logo areas for both packages [F(1,32) = 0.31, p = 0.59].

However, the BIO label area from the original packaging without

the BIO label was visually more salient since the participants

required less time to notice it than the BIO label area from
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the blue packaging [F(1,32) = 6.22, p = 0.02]. No significant

statistical difference was observed for the number of fixations

between the original packaging without the BIO label and blue

packaging [F(1,32) = 2.44, p= 0.13], nor between the EU organic

logo areas of the two package designs [F(1,32) = 0.80, p = 0.38].

On the other hand, a significantly higher number of fixations

was observed for the BIO label area on the blue packaging than

on the original packaging without the BIO label [F(1,32) = 5.07,

p= 0.03].

Bio-label manipulation
No significant statistical difference was observed in dwell

time between the original packaging with the bio label and

original packaging without the bio label [F(1,32) = 0.13, p =

0.72] nor between the EU organic logo areas between the two

package designs [F(1,32) = 1.23, p= 0.28]. However, a statistical

difference was found between the BIO label areas [F(1,32) = 6.01,

p = 0.02], where participants spent more time looking at the

BIO label area on the original packaging without the BIO label

than on the original packaging with the BIO label. A similar

pattern was observed for the time to first fixation. No significant

statistical difference was found in time to first fixation between

the original packaging with the BIO label and original packaging

without the bio label [F(1,32) = 0.91, p = 0.35] nor between the

EU organic logo areas for the two packaging designs [F(1,32) =

0.32, p = 0.58]. In contrast, a significant statistical difference

was found in TTFF for the BIO label areas [F(1,32) = 17.03, p

= 0.00]. Participants noticed the BIO label area faster on the

original packaging design without the BIO label than on the

original packaging with the BIO label. No significant difference

in the number of fixations was observed between the original

packaging with the BIO label and the original packaging without

the BIO label [F(1,32) = 0.14, p = 0.71] or between the EU

organic logo areas of the two package designs [F(1,32) = 1.27,

p = 0.27]. A significant statistical difference in the number of

fixations was found for the BIO label areas [F(1,32) = 5.97, p =

0.02]. Participants had more fixations at the BIO label area on

the original packaging without the BIO label than on the original

packaging with the BIO label (Table 2).

Emotional response for all product packaging
options (with and without BIO labels)

The facial coding data for Vegeta reveals that regardless of

the packaging design, participants mostly elicited higher levels of

neutral emotion (original packaging with the BIO label−35.1%,

original packaging without the BIO label −36%, blue packaging

−35.1%) and sadness (original packaging with the BIO label

−29.3%, original packaging without the BIO label −33.2%, blue

packaging −34%). Even though they were puzzled the most

with the original packaging with the BIO label (10.6%), for the

same packaging design, they showed a slightly higher level of

joy (3.4%) when compared to other packaging designs (original

packaging without the BIO label−2.6%, blue packaging−3.2%).

Another essential metric of emotion analysis is valence

associated with the visual stimulus. Emotional valence is a

measure of emotional responses indicating the relative hedonic

evaluation, ranging from positive to neutral and negative

emotions. This covers the spectrum from strong negative fear

responses to extreme positive experience of euphoria (Ramsøy,

2015). As with arousal, valence is one-dimensional and can only

point to the direction (-from positive to negative of an emotion).

What does it not tell us is the amplitude of emotion, and

that’s why we have conducted the probability of elicted emotion

when looking at Vegeta (Figure 5). A value between −1 and +1

describes the intensity of elicited emotion. Positive values are

associated with pleasantness and attractiveness while negative

values suggest aversiveness and unpleasantness. Regarding

Vegeta, Figure 6 suggests that the intensity of negative emotion

increased with time for blue packaging (−0.348 to −0.381) and

original packaging without the BIO label (−0.366 to −0.376).

In contrast, the opposite pattern is observed for the original

packaging with the BIO label. In this case, the intensity of

negative emotion decreased with time (−0.363 to−0.327).

In the case of Passata, participants showed a similar

pattern to the one of Vegeta (Figure 7). The facial coding

data showed that participants generally elicited higher neutral

emotion (original packaging with the BIO label−31.3%, original

packaging without the BIO label −31.5%, blue packaging

−32.1%) and sadness levels (original packaging with the BIO

label−33.2%, original packaging without the BIO label−32.7%,

blue packaging−34.8%), regardless of the packaging design.

The average valence intensity metric, on the other hand,

showed that for all of the packaging designs, participants elicited

higher intensities of negative emotion (Figure 8). However,

regarding the original packaging with the BIO label, a slight

drop in the intensity of negative emotion occurred after the

2 s of watching that product (from −0.353 to −0.311). At that

moment, a deeper inspection of the gaze plot and heat map

recordings showed that participants were looking at the area

around the BIO label and the product name.

Cognitive testing
In addition to the subconscious eye-tracking measurements,

a cognitive testing was conducted to learn about the conscious

preferences of the participants and to be sure of the validity of

the results. In the case of Vegeta, a relatively high percentage of

participants for all the package designs said that they are visually

appealing; however small percentage of people would buy them

or consider that they are for someone like them (Table 3). On the

other hand, in the case of Passata, a relatively low percentage of

participants said that package designs are visually appealing, but

still, a higher percentage would buy those products (Table 3).
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FIGURE 5

Probability of elicited emotion when looking at Vegeta.

FIGURE 6

Average emotional valence intensity when looking at Vegeta.
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FIGURE 7

Probability of elicited emotion when looking at Passata.

FIGURE 8

Average emotional valence intensity when looking at Passata.

The survey assessment of the participants’ conscious

preferences revealed that color of the packaging and the

visual appearance of the product are one of the key reasons

for buying the product (Table 4). On the other hand, for

48.9% of participants, the BIO/ECO label is somewhat

important on the product packaging, while 31.8% claim

such label is neither important nor unimportant. The

majority of the participants periodically buy products
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TABLE 3 Participants answers in percentage (%) to the question “What

of the following applies to the product you just saw?”

Answer Original

packaging

with BIO

label

Original

packaging

without

BIO label

Blue

packaging

Vegeta

It is visually appealing. 80.68 65.91 57.95

It is for someone like me. 12.5 22.73 12.5

It is something I’d buy. 21.59 34.09 26.14

None of the above. 3.41 13.64 29.55

Passata

It is visually appealing. 39.77 39.77 40.91

It is for someone like me. 26.14 26.14 28.41

It is something I’d buy. 48.86 44.32 36.36

None of the above. 13.64 12.5 26.14

with BIO/ECO labels (53.4%), while 2.3% always and

1.1% never.

In order to examine the relationship of the emotional

response and the results of cognitive testing, multivariate tool,

rather the partial least squares (PLS) regression, was performed.

The data of emotional response (Puzzlement; Disgust; Fear; Joy;

Neutral; Sadness and Surprise) were used as input data set, while

the monitored cognitive parameters (It is visually appealing; It

is for someone like me; It is something I’d buy and None of

the above) were set as output parameters. All data (regardless

of the product; Passata or Vegeta) were used as a data matrix

on which PLS analysis was performed. Regression models has a

linear form:

yi = ai · Puzzlement + bi · Disgust + ci · Fear + di · Joy+ ei

·Neutral+ fi · Sadness+ gi · Surprise+ Intercepti

Where;

yi—represents the four observed cognitive parameters (i =

1, . . . ,4);

i= 1: It is visually appealing

i= 2: It is for someone like me

i= 3: It is something I’d buy

i= 4: None of the above.

All model parameters (ai to gi) are presented in Table 5.

From the analyses of input variables are presented

with their standard coefficients and the 95% confidence

interval (Supplementary Figure S2), low impact is evident

for the variable “Neutral” and the PLS analysis was

conducted also without this input parameter and the

Regression coefficient (Rc) increased for approximately

0.65 % (Supplementary Table S1).

TABLE 4 Participants answers in percentage to the survey questions

assessing conscious preferences.

Question Percentage (%)

The color of the packaging is the primary reason for buying the product.

Completely agree 13.64

Somewhat agree 52.27

Neither agree nor disagree 18.18

Somewhat disagree 15.91

Completely disagree 0

The visual appearance of the product is important to me.

Completely agree 38.65

Somewhat agree 51.14

Neither agree nor disagree 4.55

Somewhat disagree 4.55

Completely disagree 1.14

The BIO/ECO label is important to me on the product packaging.

Extremely important 18.18

Somewhat important 48.86

Neither important nor unimportant 31.82

Somewhat irrelevant 0

Completely irrelevant 1.14

I buy products with BIO/ECO label.

Always 2.27

Often 19.32

Periodically 53.41

Rarely 23.86

Never 1.14

Discussion

To the best of our knowledge, this is the first study using

remote eye tracking measurements to assess the underlying

physiological responses of BIO-labeled products on the

consumer purchasing decisions. The aim of the current study

was to observe whether BIO label affects decision making

processes, and if the color of the BIO packaging is important

with the help of online webcam-based eye-tracking and facial

coding. The eye-tracking results from both tested products

reveal that the color of the packaging and the BIO label

placement matter. Namely, in the case of Vegeta, the higher

number of fixations and the longer dwell time at the BIO label

on the blue packaging indicates that such higher levels of visual

attention are associated with processing difficulty which can be

explained with the color of the packaging. Vegeta Original is

a well-known product which consumers for decades associate

with the blue color and without the additional labeling such

as BIO. A similar pattern was also observed for Passata. The

shorter time to first fixation to the BIO label area on the original

packaging without the BIO label than to the same area on the
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TABLE 5 Model parameters with the corresponding regression coe�cient (Rc).

Variable It is visually appealing

(i = 1)

It is for someone like

me (i = 2)

It is something I’d buy

(i = 3)

None of the above

(i = 4)

Intercept 39.1945 24.9941 52.7321 6.7179

Puzzlement −0.1382 −0.2752 1.3817 −1.5490

Disgust −0.4023 −0.8010 4.0215 −4.5085

Fear −0.4007 −0.7979 4.0060 −4.4911

Joy −0.0609 −0.1213 0.6089 −0.6826

Neutral 0.0059 0.0118 −0.0593 0.0664

Sadness 0.1236 0.2461 −1.2355 1.3851

Surprise 0.1721 0.3428 −1.7210 1.9294

Regression coefficient, Rc 0.7204 0.7204 0.7790 0.6845

blue packaging suggests that such area was visually more salient

since the consumers were used to seeing such article on the

store shelfs in blue color. On the other hand, a higher number

of fixations and longer dwell time at the BIO label area on the

blue packaging indicate that such higher levels of visual attention

are again associated with processing difficulty, as it was the case

with Vegeta.

When it comes to the BIO label placement on the packaging,

in the case of Vegeta, longer dwell time and the higher number of

fixations directed to the BIO label area on the original packaging

without the BIO label suggests again that such packaging was

confusing for the consumers as the BIO label area was different

than expected. The same pattern was also observed for the

Passata. More visual attention was directed toward the original

packaging without the BIO label which was the direct result of

lower processing fluency. In addition, the emotional analysis via

facial coding has also revealed that regardless of the packaging

design for both products, a higher intensity of negative emotion

was present when looking at the products. However, in the

case of Vegeta, the intensity of negative emotion decreased

with time for the original packaging with the BIO label and in

the case of Passata, a slight drop in the intensity of negative

emotion occurred after the 2 s of watching the original packaging

with the BIO label. At that moment, a deeper inspection of

the gaze plot and heat map recording showed that participants

were looking at the area around the BIO label and the product

name. Taken together, these results indicate that the BIO label

is essential part of the BIO packaging and should be visually

highlighted on the packaging. Moreover, the color of the BIO

packaging is important parameter and should reflect the earthy-

color tones. Even the survey assessment of consumers’ conscious

preferences revealed that the color of the packaging and the

visual appearance of the product are one of the key reasons for

buying the product. However, a discrepancy between the survey

answers and neuromarketing testing was observed. Almost half

of consumers claimed that the BIO/ECO label is somewhat

important on the product packaging but they all failed to notice

the EU organic logo on products.

The results of the current study serve not only to designers

and marketers in creating the products that are subconsciously

desired on the market, but as well as the evidence how

traditional marketing approaches focused on surveys and group

discussions fail to show the full-picture. On the other hand,

utilizing neuromarketing methods such as eye tracking and

facial coding can yield valuable insights of consumer behavior.

Despite the use of online research with the webcam-based eye

tracking solution (15Hz), the obtained results are the example

of how very accurate and useful marketing insights of the

consumers subconscious on the decision making process and

preferences can be obtained. Limitation of the study was the

big screen out (26 subjects) where we presume this is due to

the reason what participants did not receive any incentives for

attending to this research. In addition, the software used is

highly sensitive and discredits the participant at a slight shift

of the head, which gives us a merit results at the very end.

Since the research was limited to the computer device to achieve

the best results possible, the total sample size needed to be

increased which resulted in obtaining a better percentage of

quality recordings.

Based on the regression coefficients that reflect the

quantitative measure of the importance of the relationship

inseparable from the qualitative characteristics of the

relationship being studied, there is a clear strong connection

between the results collected by the questionnaire and the

neuromarketing approach.
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