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Abstract: Sensory perception is understood to be a complex area of research that requires investiga-
tions from a variety of different perspectives. Although researchers have tried to better understand
consumers’ perception of food, one area that has been minimally explored is how psychological cog-
nitive theories can help them explain consumer perceptions, behaviors, and decisions in food-related
experiences. The concept of cognitive styles has existed for nearly a century, with the majority of
cognitive style theories existing along a continuum with two bookends. Some of the more common
theories such as individualist-collectivist, left-brain-right-brain, and convergent-divergent theories
each offered their own unique insight into better understanding consumer behavior. However, these
theories often focused only on niche applications or on specific aspects of cognition. More recently, the
analytic-holistic cognitive style theory was developed to encompass many of these prior theoretical
components and apply them to more general cognitive tendencies of individuals. Through applying
the analytic-holistic theory and focusing on modern cultural psychology work, this review may allow
researchers to be able to answer one of the paramount questions of sensory and consumer sciences:
how and why do consumers perceive and respond to food stimuli the way that they do?
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1. Introduction

Sensory science itself is a synthesis of supporting disciplines of study that relies on
a cohesive blend of a range of individual research topics. These areas include, but are
not limited to, food science, psychology, marketing, statistics, neuroscience, and human
physiology. A common goal is to understand how and why consumers perceive sensory
stimuli the way they do and then how consumers react to these stimuli. Three general
segments of literature that have been able to attempt to answer this universal question of
human perception and behavior include physiological, psychological, and environmental
factors [1-5]. There is an expanding number of studies investigating and discussing
the effects of the diversity of environmental and physiological factors influencing how
individuals perceive and respond to food stimuli under varying conditions [4-8]. In
comparison, there are relatively fewer peer-reviewed journal articles seeking to explain
the impact of psychological variables on how consumers perceive their food. While there
have been ample amounts of research into individual differences in specific psychological
variables, such as food-evoked emotions [9] or personality traits [10,11] in food-related
contexts, there is a research gap when looking at how psychological theories of cognitive
styles apply to both group and individual differences. These cognitive style theories
can encompass many of the more minute psychological variables (e.g., emotional states
or responses) and thus offer a great deal of interest into understanding how consumers
perceive and behave toward foods.

Through this review, the concepts behind cognitive styles were detailed, followed
by more in-depth explorations of specific cognitive styles, including a discussion of a
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more modern cognitive theory offering a more comprehensive understanding of sensory
perception and consumer behavior towards foods. Relationships between the discussed
cognitive theories and consumers’ food perception were then explored. Research gaps and
opportunities were then detailed into how cognitive styles, notably the analytic-holistic
theory, can help researchers better understand the ubiquitous question of how and why
food is perceived the way it is by consumers. It is important to note that this review was
not intended to be fully comprehensive or exhaustive of all applicable research due to the
enormous size of the literature connecting sensory perception, cognitive style theories, and
their potential areas of overlap. Rather, this review covers a wide breadth of topics while
still diving to reasonable depths within each area of research with the intent of providing
a clearer understanding of how cognitive style theories, with an emphasis on modern
cultural psychology, can help to better understand consumer-food relationships.

2. Cognitive Style’s Effects on Perception and Liking of Sensory Stimuli
2.1. Concept of Cognitive Style

Aspects of cultural psychology gained popularity in the later decades of the twentieth
century, and prior mainstream beliefs that explained consumer preferences through adults
having a common hardware, regardless of personal differences, were questioned [12-14].
As the ideals of cultural psychology were disseminated, it did not take long for them
to become recognized by professionals throughout the field [15,16]. One of the more
unique aspects of cultural psychology is its interdisciplinary nature [15]. Foundational
to modern cultural psychology are historical examples of how philosophical and cultural
differences were present among ancient societies. Historians and anthropologists have
detailed how the ancient Greek and Chinese empires differed in what behaviors were
encouraged within those cultures, such as Talhelm et al. [17] discussing how rice irrigation
needs within Southern Chinese cultures necessitated collaborative cognitive and behavioral
styles [18,19]. These historical underpinnings highlight how understanding and accounting
for widespread cultural differences were important in human studies. Encompassing much
of the prior research is the concept of ancient Chinese-influence in countries (Eastern) which
descended from this similar cultural background produce dissimilar or contrasting results
to consumers descending from ancient Greece-influenced (Western) countries.

As cultural psychology developed, other theories and differences among people fol-
lowed, most notably field (in)dependence and dialectical thinking. Field independent
thinking individuals show more autonomy and articulate events as being discrete, while
field dependent individuals take a wider and more connected view and rely on an increased
amount of external or social contexts for their perception and decisions [20,21]. In addition,
dialectical thinking is focused on decreasing conflict and finding a reasoning-based “middle
way” during decision making [22,23]. By integrating these perceptual and reasoning as-
pects, Nisbet et al. [13] provided a more encompassing way of differentiating psychological
aspects of peoples’ culture that includes field (in)dependence, dialectic thinking, and other
cognitive aspects. This expanded definition discusses two ways of thinking: analytic and
holistic, reflecting cultural differences in reasoning, perception, and cognition [24].

2.1.1. Analytic Versus Holistic Style

Analytic and holistic categorization are manifested into two general types of cultures,
with analytic and holistic thinking being more prevalent in ancient Greek-influenced (or
Western) areas and ancient Chinese-influenced (or Eastern) cultures, respectively [25]. This
analytic-holistic separation incorporates reasoning, perception, and cognitive processing
reflective of more general cognitive styles [13]. One important caveat is that analytic and
holistic are two cognitively opposite styles, yet not mutually exclusive, as findings indicate
that many people capable of both styles usually have a predisposition toward one or the
other [26,27]. Additional recent work also highlights how analytic and holistic groups
are not equally affected by the stimuli and situations. For example, when exposed to the
opposite cognitive thinking style, analytic individuals will choose the more familiar stimuli,
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with this effect not being seen for the holistic group [28]. This asymmetrical finding supports
the fact that the groups can be differentially affected by stimuli or environmental situations.

Analytic thinking is associated with increased attention to focal points of a situation,
linearized thought, and independent interpretation of events, while holistic thinking is
associated with opposite behaviors of contextual attention bias, cyclical interpretation and
prediction, and interdependent relationships of events [13,14,25]. These differences between
analytic and holistic cultures accentuate how each may process events or information
differently. Analytic cultures tend to state that events or objects are independent and that
current trends should continue in a parallel fashion [23,29]. From the holistic perspective,
events and change are handled oppositely and are seen as more interrelated in the fact
that there are truly no “independent” events, and change is more cyclical, repeating itself
in nature [30]. Such stark differences between how analytic and holistic people process
information logically produce separate cognitive styles which may lead to divergent mental
categorization and decision-making strategies.

Building upon the body of analytic-holistic research was the publication of the Analysis-
Holism Scale (AHS) to measure analytic versus holistic tendencies [31,32]. Original studies
on AHS development highlighted its ability to separate the traditionally holistic (Korea)
and analytic (United States of America) cultures from one another, while also separating
analytic and holistic cognitive groups within a single culture [32]; for additional validation
of the AHS between and within cultures, see [25,33-35]. In addition, other researchers have
recently postulated that the AHS may not be the most applicable when applied in niche
applications as opposed to the more general tendencies the analytic-holistic theory was
originally developed to assess [36-38]. While analytic and holistic cognitive styles are the
focus of this review, it is still valuable to understand other types of cognitive styles that
have been used to classify consumers and how they relate to analytic and holistic theory.

2.1.2. Collectivism Versus Individualism Style

Another way of categorizing individuals and their respective cognitive style is to
consider their cultural belonging in a slightly different way, e.g., collectivism versus in-
dividualism. Between these two categories, there are different tendencies people within
those cultures tend to display. This cognitive concept was put forth originally to help ex-
plain differences among individuals having different backgrounds and experiences [39,40].
Individualist cultures can often be formed or shaped by a multitude of smaller groups
within a culture, which then induce more individualistic inclinations and less feelings of
belonging among individuals [41,42]. An example of this type of culture would be the
United States or Canada, in which both were formed by large influxes of various cultural
groups. Contrastingly, a collectivist culture, such as China, had a more singular cultural
group and did not rely on global immigration during its formation, which would result
in interdependent beliefs among individuals. Furthermore, in collectivist cultures power
imbalances are common, as there is a greater respect toward authority and acceptance of the
imbalances, because the population focuses on the greater benefits provided to all [42,43].
Comparatively, individualistic cultures have more equal power balances, as individuals
feel less obligated to conform within their culture [44].

Much of the earlier research on collectivism and individualism hinged on how peo-
ple’s social roles or interactions differed, with modern research indicating that emotions,
motivation, and cognition can also differ between the two categories [45]. Initial evidence
also suggests that individualism-collectivism differences modified higher-level processes
of decision-making by showing that individualists are more rational and collectivists are
more interdependent when making decisions [46]. However, a drawback of the indi-
vidualism and collectivism classification is its inherent focus on how a person perceives
her /his personal and societal relationships or motivations, which can be seen as a portion
of analysis-holism cognitive perception [45].



Foods 2022, 11, 1886

40f 15

2.1.3. Convergent Versus Divergent Style

An alternative way to differentiate cognitive styles is by considering convergent
and divergent thinking [47,48]. The employment of these cognitive styles has provided
researchers a dimension and pathway to understand how people process information. A
convergent thinking style can be interpreted as individuals converging on the “correct”
answer to a problem by focusing on a singular aspect of a situation [49]. Oppositely,
divergent thinking is associated with generating multiple solutions, considering wide
varieties of information, and focusing on many portions of a situation or problem [50,51].
Divergent thinking has been linked to creativity and this linkage has been further supported
by neural imaging research indicating similar areas of brain activity between divergent and
creative thinking styles [52,53]. Cognitive styles are rarely binary, and these findings reflect
how consumers can be affected by many factors in how they process information and are
divided on the convergent-divergent spectrum.

Related to divergent thinking are traits paralleling creative tendencies, such as open-
ness to experience, extraversion, imagination, and curiosity [54,55]. Convergent thinking
individuals will tend to have negative emotions and divergent thinking individuals more
positive emotions [56]. With divergent-convergent cognitive styles capable of altering per-
sonality and emotions, one would predict that higher-order neural processes (i.e., decisions
or learning) may also be affected. Evidence suggests that decision-making, under con-
vergent versus divergent thinking, utilizes contrasting information, while also activating
opposing neural pathways [57,58]. Consequently, individuals on the opposite ends of the
divergent-convergent continuum may likely reach differing decisions. Like analytic versus
holistic categorization, convergent-divergent thinking has also been shown to differ be-
tween individuals from Eastern and Western countries, and additional insight has detailed
how it can be seen as a sub-portion of analytic-holistic thinking [25].

2.1.4. Left Brain Versus Right Brain Style

One aspect of cognition that is sometimes underutilized is explaining how cognitive
categories may relate to actual areas of the brain, or the hemispherical lateralization concept
(HLC). Initial research in the 1960s and early 1970s suggested that humans have two
“halves” of the brain by studying patients undergoing procedures to disconnect the corpus
collosum [59,60]. However, even as early as the 1970s, these views that the halves of the
brain work independently and the possibility of classifying people as “right” or “left”
brained were challenged [61]. Findings further led to discussions about how areas within
the left hemisphere (i.e., verbal, motor skill, and analytic logic processing) interacted
more with areas in same hemisphere, and right hemisphere regions (i.e., spatial reasoning
and creative processing) interacted across both hemispheres [62]. Updated HLC research
discusses how there are proven relative differences between the lateralized halves of the
brain [63,64]. However, these relative differences are not dichotomous between left or right
brained people; rather, they are bookends on a continuum where people may lean when
processing information.

As research elucidated that brain lateralization was not binarily right or left brain,
a focus on brain asymmetry provided insight into how HLC can categorize individuals.
Studies specifically aimed to distinguish how falling onto different portions of the HLC
spectrum may influence behavior via contrasting neural pathways [65,66]. These hemi-
spheric contrasts in brain activity go beyond subconscious functions and indicate that
behavioral differences can be imparted by relative activity variations between the left and
right brain [64,67]. Education researchers have detailed how cognitive differences may exist
between individuals tending to employ more right (intuitive or creative) or left (logical or
analytic) brain activity when learning and problem solving [68,69].

One related way to conceptualize cognitive style is the relational-experiential or
cognitive-experiential self-theory (CEST). This cognitive theory categorizes individuals
along a spectrum from analytic/rational, associated with deliberate and logical thought, to
intuitive/experiential, associated with intuition and emotionally driven thought [70]. One
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major difference resides in HLC focusing on geometric cerebral guidelines that mediate the
cognitive styles and CEST focusing on the behavioral outputs. Another differentiating factor
of CEST is that it classifies individuals on type of thought (automatic versus deliberate)
rather than on actual cognitive styles [70,71]. Within the analytic-holistic theory, the
behavioral tendencies of CEST and HLC are both seen, without the limiting factors of
different thought types or the debate on the theoretical accuracy and validity of hemispheric
lateralization [64,72]. A consistent theme across cognitive style classifications is the focus on
a specific portion of an individual’s information processing or decision-making tendencies.
These categorizations fit under the encompassing umbrella of analytic-holistic cognition,
which does not rely on niche aspects of information processing or problem solving [13,25].

2.2. Influences of Cognitive Style on Perception and Liking of Sensory Stimuli
2.2.1. Single Module Stimuli

Much of the cognitive style research has pertained to psychological studies focusing
on theory and problem solving. There is a lack of research connecting cognitive style to how
various types of stimuli are processed between individuals with contrasting thinking styles.
To begin to understand how cognitive styles may induce changes in stimuli perception,
it is first important to clarify single module and multi-module stimuli. A single mode
stimulus is one that is directed toward one sense (i.e., a single basic taste, the color blue, or
a single olfactory stimulus), while a multi-mode stimulus is one that involves many stimuli
across the senses and within the same sense (i.e., a cheeseburger using sight, olfaction, and
gustation, or a movie involving multiple visual and sound stimuli). Research suggests that
contrasting cognitive styles may be associated with changes in how individuals process
simple versus multi-module stimuli [73,74].

Single mode stimuli can be connected to each of the five senses: olfaction, visual,
gustatory, auditory, and tactile (touch) cues. Research specific to olfaction indicates potential
impacts of cognitive style on olfactory perception, with some researchers predicting that
cognitive style may be a mediating factor of perceptual differences or be important in
olfactory perception in conjunction with non-cognitive factors [75-78]. Visual stimuli
perception displays similar trends, with researchers elucidating how neuroimaging results
of individuals support the notion of thinking style altering the interpretation of visual
cues [79,80]. Relative to olfactory and visual cues, gustatory cues have received very little
specific attention in research. However, synesthesia (i.e., one stimuli triggers interpretation
using another sense) involving gustation can be linked to cognitive style according to
initial studies on the subject [81]. Auditory processing among individuals has received
some academic and industry attention with respect to cognitive style, as music perception
and preference were found to be associated with cognitive style differences [82]. Tactile
cues have also received some attention in association with cognitive style differences, and
findings indicate tactile responses and interpretation partially depended on the individual’s
cognitive style [83,84].

2.2.2. Multi-Module Stimuli

Cross-modal correspondences and synergistic effects can be seen across multiple
senses, and they involve multi-module stimuli, such as food or drinks, and are more
representative of consumer’s daily perceptions [85]. Cross-modal correspondences are
an example of multi-module stimuli, meaning that they are dependent on a stimulus
engaging multiple senses. Multi-module stimuli are increasingly representative of realistic
situations, as the brain rarely receives unimodal stimuli [86]. These multi-module stimuli
are used to support the concept of multisensory integration, which has garnered attention
in explaining how humans process and interpret their surroundings by employing a
flexible, combinative neural network [87,88]. Recent models measuring the multisensory
integration have suggested methodologies that are more accurate in capturing human
responses to multi-module stimuli when considering a compilation of all stimuli across
multiple senses [89].
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A multitude of researchers agree that the human-food interaction is a multi-module
experience in which consumers rarely separate individual senses independently [90-93].
Interactions among the senses have been known to exist, with newer research beginning to
detail additional cognitive interactions among the senses that are capable of influencing the
neural processing of multiple food stimuli [94]. An important part of consumer perception
of food is neurological and psychological processing of the food-related stimuli to reach
decisions. Consumer cognitive style has proven to be an effective variable in explaining how
food-related opinions and decisions are formulated. For example, Hidalgo-Baz et al. [95]
discussed how an individual’s cognitive style could impact how she/he perceived the
quality of organic and conventional foods after receiving information about and interacting
with products, with parallel results found in relation to processing depth of food stimuli [96].
Jeong and Lee [97] furthered these arguments by discussing, over a variety of food and
beverage samples and situations, that the cultures associated with differing cognitive styles
consistently display different perceptions of the food or beverage. Differences in how
consumers process food-specific information cause ensuing schisms in perception and
liking, which have been shown to be dependent on the individual’s cognitive style.

3. Influences of Analytic or Holistic Cognitive Style on Food Perception and
Eating Behavior

3.1. Single Module Stimuli

Due to its more general and encompassing nature, analytic versus holistic thinking
provides potential to investigate how the analytic-holistic cognitive style can predict and
explain consumers’ food-related processing, decision-making, and consumption behaviors.
Within the research regarding the effects of cognitive style on information processing and
stimuli perception, there is some debate on the significant differences being due to contrast-
ing cognitive styles between groups [79,98]. A lack of consistent findings suggests differing
methodologies, which has been common when cognitive styles are investigated. To prevent
research on consumer thinking style becoming too narrow and missing relevant data, the
analytic-holistic cognitive style classification is subsequently suggested. When developing
the framework of the analytic-holistic theory and the AHS, a main goal was to ensure
that the final result was a general classification style representative of the cognitive steps
individuals undergo when processing information [13,32]. Considering analytic-holistic
classification when investigating the effect of cognitive styles on consumer perception is
therefore predicted to produce more consistent results and more accurate predictability.

This classification style, however, is only recently developed and has been validated
with relatively few studies on how analytic-holistic cognitive style can impact single-
module stimuli compared to other cognitive style theories. In addition to analytic-holistic
cognition being a novel classification tool, researchers within the field have often suggested
it for identifying behavioral, decision, and cultural differences [29,38]. Directing method-
ologies and studies toward higher-level processing to understand contextual and realistic
decision-making has left a gap in the research toward singular areas of stimuli perception.
The most studied single-module stimuli type has been visual, with researchers consistently
finding that analytic (or holistic) people consider less (or more) contextual information re-
lated to visual stimuli [24,25,99]. Cultural neuroscience has found that analytic and holistic
individuals differ in their neural development, functioning of higher-order informational
processing regions, and emotional processing [100,101]. From the neuroscience findings, it
would thus be expected for analytic and holistic individuals to differ in their perception of
stimuli in each of the five senses. Table 1 details specific examples of researchers finding
analytic-holistic differences in single-modal stimuli. If even basic stimuli can elicit such
responses, multi-modal stimuli may result in further response differences between cog-
nitive groups. In addition, considering multiple modes of stimuli can address aspects of
ecological validity [102], and virtual reality sensory testing [103] that emphasizes the need
to test variables, such as cognitive style, in realistic settings for consumers.
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Table 1. Summary of peer-reviewed articles related to the analytic-holistic cognitive theory and its
associated cultures with respect to consumer perception and behavior in food-related contexts.

Publications

Method to Separating
Participants/Populations of
Comparison

Applicability to Sensory and
Consumer Sciences

Main Findings

Chrea et al. [104]

Separated cultures by country
comparing French, American, and
Vietnamese participant groups

Compared how different
cultural groups evaluated and
sorted olfactory stimuli

French and American groups
differed in olfactory
evaluation compared to
Vietnamese group

Zhang & Seo [5]

Separated groups by cultures
through comparing Chinese and
American participants

Compared attention given to
portions of plates of food
between the two cultures

The Chinese group provided
more attention to the context
of the food plates while the
American group provided
more attention to the
food items

Bakhchina et al. [105]

Comparison within Russian
population using AHS to
separate groups

Compared heart rate and
visual response times for tasks
regarding object-field relation

The analytic group had longer
visual response times and
higher heart rate when
evaluating objects in relation
to the field than when
evaluating objects irrespective
to the field

Hildebrand et al. [106]

Separated participants using
the AHS

Investigated how analytic and
holistic groups differ in their
self-control of indulgent food
advertisements with
occasion-setting components

The holistic group had higher
cravings and purchase
likelihood for indulgent
samples when shown
advertisements with context
cues compared to the
analytic group

Togawa et al. [107]

Comparison within Japanese
population using AHS to
separate groups

Investigated the crossmodal
correspondence of visual and
gustatory senses in
product packaging

The holistic group was more
affected by the
visual-gustatory crossmodal
correspondence than the
analytic group

Yang et al. [108]

Employed AHS-based priming
procedure to induce analytic vs.
holistic thinking

Focused on how brand
marketing strategies impact
consumer response
and perception

The holistic group formed
more positive responses when
shown moderate advertising
strategies while the analytic
group was
relatively unaffected

Peng-Li et al. [109]

Separated groups by cultures
through comparing Chinese and
Danish participants

Investigated the crossmodal
correspondence of sound and
basic tastes between the
two cultures

The Danish group gave more

attention to the food samples

while the Chinese group gave

more attention to the context
of the food dish

Beekman & Seo [110]

Separated participants from
Northwest Arkansas using the AHS

Identified how the
analytic-holistic theory can
apply to consumer
food experience

Findings show the
analytic-holistic theory
applies throughout the

consumer food experience
with cognitive group
differences in line with prior
psychological work

Gupta et al. [111]

Separated groups within an
Australian population into Western
and Eastern cultures

Compared if sensory
evaluation and measurement
tools could differentiate
cultural groups’ food ratings

CATA emotions, CATA emojis,
and facial expression analyses
could differentiate cultural
groups but hedonic ratings
could not
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Table 1. Cont.

Publications

Method to Separating
Participants/Populations of
Comparison

Applicability to Sensory and

. Main Findings
Consumer Sciences

Santos et al. [112]

The holistic group was more
accepting of contradictory

Compared responses to information than the analytic

Separated participants from the T

USA using the AHS food-related information group, and thls'was in part
managed by a higher degree
of mixed emotions
Compared the environmental Compared to the analytic
Separated participants from eating effect on food roup, the holistic group was
Beekman & Seo [36] North\I?vest Arlfansas I1jlsing the AHS perceptiogn between analytic s rrlfore impactedgby t}Fl)e
and holistic groups eating environment

AHS: Analysis-Holism Scale; CATA: check-all-that-apply.

3.2. Multi-Module Stimuli

Multimodal sensory experiences induce more complex, interactive stimuli that the
brain responds to and interprets into a single cohesive experience, and thus a multitude of
shared brain areas associated with the senses are involved in food and beverage percep-
tion [113]. In most foods one would consume, there are many interacting stimuli depending
on each food matrix. Humans are poor at separating each of these components to be in-
terpreted monadically; rather, they are experienced together to allow for a comprehensive
perception and hedonic impression of the food [93,114]. To answer the type of question of
how food may be perceived differently between consumers, some research has discussed
how multi-module information and stimuli can be perceived inversely between analytic
and holistic cultures [115].

Studies applying the factor of analytic-holistic cognitive styles to advertising have
found that an explanation for the differences in perception of and responses to food
advertising can be offered by accounting for the cognitive tendencies of consumers [108].
Holistic thinkers were more sensitive to food advertising claims made by the researchers
and their opinions of the food products were more variable depending on the type of
advertisement shown. These findings parallel Nisbett et al. ’s [13] description of holistic
individuals being more likely to consider contextual information. Such results could apply
to environmental cues or packaging claims being more effective with holistic consumers.
An interesting application of analytic and holistic differences adjacently related to food-
related stimuli involves the findings from Santos et al. [112]; they detailed that analytic
and holistic groups differed when they handled contradicting information. As it is well
known that emotions and emotional processing significantly affect food perception [116], a
logical application of such findings suggests that analytic and holistic individuals would
also have contrasting food perceptions due to the inequivalent process in which those from
the cognitive groups utilize and apply emotions.

3.3. Eating Behavior

A perplexing issue to food and sensory professionals is the complexity and lack of
common understanding of consumer food behavior areas, such as food consumption
or selection behaviors [92,117]. Some researchers tend to become hyper-specific when
understanding aspects of consumer behavior toward foods by applying existing theories,
while others tend to take a more general, exploratory approach [118]. Researchers found
that consumer behavior toward food is not consistent across cultures when they took a step
back to look at the exploratory and comparative picture of their results [119]. An aspect
of food-related consumer experiences often receiving attention is eating behavior and
understanding how or why eating decisions are made. Sensory researchers in both industry
and academia aim to understand eating behavior to effectively market foods to match
eating behavior and address health issues [120]. To better explain some of the unknowns
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of eating behavior, researchers have begun to combine the extrinsic and personal factors
by investigating the potential role of cognitive style in guiding eating behavior. Results
investigating eating behaviors of specific cultures help support the notion of analytic-
holistic cognition being an influencing variable on eating behavior [121]. Another point
made about the analytic-holistic cognitive style contrasts between cultures is that the
differences can also exist within a culture [122]. Adding analytic-holistic cognition as a
variable in analyses has the potential to explain unexpected findings or clarify results by
separating two previously unseen groups within a single population.

Prior studies delineated how decision-making differs between analytic and holistic
groups, most notably in terms of the amount and type of information considered for
the decisions [13,24,25,123]. Researchers built upon those findings and applied them to
food-related conditions, where it was found that the analytic-holistic theory could help
explain food product advertising and purchase behavior differences [106,124,125]. These
food specific findings match with previous research indicating that holistic consumers
should see more contextual relationships between sensory cues. A collective summary
of the research connecting and supporting analytic-holistic cognitive styles in sensory
and consumer science-related areas is provided in Table 1. Cognitive styles in general
are important in these applications, and the analytic-holistic cognitive theory offers an
advantage because of its encompassing nature and incorporation of past cognitive theories
during its development.

4. Future Directions

Through the explorations of how cognitive style theories, especially the analytic-
holistic theory, can offer meaningful insights and increased ability to predict consumers’
reactions to food-related stimuli, a multitude of pathways for future investigations can be
considered. One path involves identifying how analytic and holistic food-related differ-
ences can translate to traditional cross-cultural comparisons. Much of these cross-cultural
comparisons have relied on geographical boundaries to separate cultures, such as analytic
and holistic groups, respectively, being associated with Western and Eastern countries.
Beekman and Seo [36,110] detailed such analytic-holistic differences, but as their sampling
was within an area that would historically be treated as a singular culture (i.e., Northwest
Arkansas), these findings speak to the validation of within-cultural analytic-holistic differ-
ences found by earlier researchers [32,122]. Such food-related analytic-holistic differences
would be replicable in studies investigating more traditional geographically based cul-
tural comparisons, as has been shown repeatedly with the analytic-holistic theory [25].
Another point to consider is to ensure a wider distribution of sampled populations outside
of wealthy, developed nations (i.e., WEIRD countries), as researchers have discussed that
findings from these populations might not be universal [126,127]. The incorporation of
food-related applications of the analytic-holistic cognitive style theory offers an additional
factor to the concept of cross-cultural comparisons. Interestingly, it is well known that
within a country, there is often a multitude of smaller, distinct food cultures and accepted
food norms [125]. Since cultures often involve a deep connection with food, a potential
interaction of geographical culture (i.e., country) and local food culture could exist when
considering cross-cultural research. Therefore, it would be worthwhile to investigate how
the inclusion of analytic-holistic theory can produce translatable findings across traditional
cultures rooted in country borders, and more regional cultures that individuals identify
with that have distinct food traditions.

Another area of future work that offers promise is to consider how specific aspects of
the analytic-holistic theory may be more applicable to certain areas of sensory perception
and consumer behavior. For example, Brauch and Grofiler [128] recently found that in the
applied area of systems management, only the analytic-holistic construct of causality was
a significant predictive factor. An interesting application here would be employing the
analytic-holistic theory to explore its potential mediating impacts on the expansive findings
from the Italian Taste project [129]. Consequently, the different areas of the food experience
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outlined by Beekman and Seo [110], i.e., food shopping, preparing, and consuming, may be
impacted differently by individual analytic-holistic constructs. Such a notion is supported
by earlier discussion from Miyamoto [38] that detailed how the analytic-holistic theory
was developed to be a more general, encompassing theory, and thus such general cognitive
tendencies may be modulated in applied scenarios. A third area that would build upon this
research is to test the consistency of analytic-holistic differences in food-related scenarios
across a wider range of samples and sensory tasks and scenarios. As consumers do not
perceive all types of food and beverage samples equally, it is crucial to widen the spread
of types of samples this theory has been validated with. Related, sensory evaluation can
involve a broad and ever-expanding array of tasks to gauge consumer perception. It
is necessary to understand how analytic-holistic differences may manifest across these
various sensory evaluation tasks, as each of them can involve consumers undergoing
slightly different cognitive processes that may modulate the analytic-holistic effects

An additional area of interest that extends research findings of food, sensory, and
cultural psychology research is investigating the effect of time spent within a culture on
the analytic-holistic cognitive style. This exploration can also be expanded to identify
how differing time lengths in various cultures can affect one’s food perception, food
consumption, or food choice habits. Tan et al. [130] were able to show that small exposures
of individuals from an analytic culture to a more holistic culture affected individuals’
physiological states, neural patterns, and creativity. Thus, if these parameters were all
influenced by multicultural experiences of less than an hour, it would be expected that food
perception and behavior would also be impacted, especially given that most multicultural
experiences are much longer than one hour. This hypothesis is supported by adjacent
research discussing how longer-term exposure to differing cultures can affect the tendency
to adopt that culture’s style of thinking [131]. With increased globalization and the sharing
of cultures, it may also be fruitful to consider the exposure with other cultures, which may
also moderate the results. However, other researchers have brought up the fact that the
time of association with a culture is not a mutually exclusive variable in how an individual
can adopt the culture’s associated cognitive style. Through horizontal cultural transmission
(i-e., social media) the traits of individualism are more easily transferred, while through
vertical cultural transmission (i.e., family contact and values) the traits of collectivism
and situational attribution are more easily transferred [132]. These cognitive traits are
portions of the analytic-holistic theory, meaning that the other main portions of the analytic-
holistic theory would also be expected to parallel these findings. Furthermore, a study
by Na et al. [133] found that expected cultural-cognitive differences between analytic and
holistic cultural participants were more pronounced with older individuals. This finding
therefore suggests that a longer amount of time spent within a single culture may strengthen
the associated cognitive tendencies of that culture. If there is an age, culture, and family
interaction of how time spent in different cultures affects cognitive style changes, both time
and family dynamics along with exposure are salient variables for further consideration.
As consumer perception and behavior toward foods are known to be increasingly complex,
it is crucial to account for these variables to try to explain even a small portion of the
variability in the search to understand the consumer-food interaction. Following along
these paths of future investigation can offer researchers a clearer understanding of the
significant impacts of consumers’ cognitive style on food perception.

5. Conclusions

Throughout the twentieth century, many psychology researchers classified individuals
into cognitive styles to better understand human differences in perception and behavior.
Many of the earlier cognitive style theories involved niche applications or areas of cognition
to separate individuals. Thus, even though these theories offered great insights, they were
limited in their scope and overall generalizability. In the early years of the twenty-first cen-
tury, the analytic-holistic cognitive style theory was developed to provide a more general,
all-encompassing theory to separate individuals based on their cognitive tendencies. As
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cognitive style research hinges on the notion that all people do not perceive and process
stimuli in the same fashion, these theories have great applicability to the field of sensory
and consumer sciences. One of the paramount research questions within sensory science
is to better understand how and why consumers perceive and respond to food stimuli in
the ways they do. Applying cognitive style theories, especially the analytic-holistic theory,
offers great promise for better understanding consumers’ food perception and behavior.
Initial research has found that analytic and holistic consumer groups do significantly differ
in how they perceive and respond to food stimuli. These findings have opened the door
to help researchers better understand one of the most complex aspects of food science:
the consumer.

Author Contributions: Conceptualization, T.L.B. and H.-S.S.; methodology, T.L.B. and H.-S.S;
writing—original draft preparation, T.L.B.; writing—review and editing, PG.C. and H.-S.S.; vi-
sualization, T.L.B. and H.-S.S.; supervision, H.-S.S.; funding acquisition: H.-S5.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was based upon work that is supported, in part, by the United States Department
of Agriculture National Institute of Food and Agriculture Hatch Act funding (1012913) to H.-S.S.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

References

1. Hasegawa, T.; Sakai, N. Comparing meal satisfaction based on different types of tableware: An experimental study of Japanese
cuisine culture. Foods 2021, 10, 1546. [CrossRef] [PubMed]

2. Krishna, A. An integrative review of sensory marketing: Engaging the senses to affect perception, judgment and behavior. J.
Consum. Psychol. 2012, 22, 332-351. [CrossRef]

3.  Piqueras-Fiszman, B.; Spence, C. Sensory expectations based on product-extrinsic food cues: An interdisciplinary review of the
empirical evidence and theoretical accounts. Food Qual. Prefer. 2015, 40, 165-179. [CrossRef]

4. Seo, H.-S.; Hummel, T. Effects of olfactory dysfunction on sensory evaluation and preparation of foods. Appetite 2009, 53, 314-321.
[CrossRef] [PubMed]

5. Zhang, B.; Seo, H.-S. Visual attention toward food-item images can vary as a function of background saliency and culture: An
eye-tracking study. Food Qual. Prefer. 2015, 41, 172-179. [CrossRef]

6. Seo, H.-S.; Pramudya, R.C; Singh, A.; Hummel, T. Recent evidence for the impacts of olfactory disorders on food enjoyment and
ingestive behavior. Curr. Opin. Food Sci. 2021, 42, 187-194. [CrossRef]

7. Trius-Soler, M.; Santillan-Alarcén, D.A.; Martinez-Huélamo, M.; Lamuela-Raventés, R.M.; Moreno, ].J. Effect of physiological
factors, pathologies, and acquired habits on the sweet taste threshold: A systematic review and meta-analysis. Compr. Rev. Food
Sci. Food Saf. 2020, 19, 3755-3773. [CrossRef] [PubMed]

8. Wendin, KM.E.; Nyberg, M.E. Factors influencing consumer perception and acceptability of insect-based foods. Curr. Opin. Food
Sci. 2021, 40, 67-71. [CrossRef]

9.  Kaneko, D.; Toet, A.; Brouwer, A.M.; Kallen, V.; van Erp, ].B.F. Methods for evaluating emotions evoked by food experiences: A
literature review. Front. Psychol. 2018, 9, 911. [CrossRef]

10. Samant, S.S.; Seo, H.-S. Personality traits affect the influences of intensity perception and emotional responses on hedonic rating
and preference rank toward basic taste solutions. J. Neurosci. Res. 2019, 97, 276-291. [CrossRef]

11.  Spence, C. What is the link between personality and food behavior? Curr. Res. Food Sci. 2022, 5, 19-27. [CrossRef] [PubMed]

12.  Block, N. The mind as the software of the brain. In Thinking: An Invitation to the Cognitive Science, 2nd ed.; Smith, E.E., Osherson,
D.N.,, Eds.; MIT Press: London, UK, 1995; pp. 377-425.

13. Nisbett, R.E.; Peng, K.; Choi, I.; Norenzayan, A. Culture and systems of thought: Holistic versus analytic cognition. Psychol. Rev.
2001, 108, 291-310. [CrossRef] [PubMed]

14. Nisbett, R.E. The Geography of Thought: How Asians and Westerners Think Differently ... and Why; Free Press: New York, NY,
USA, 2003.

15. Markus, H.R.; Kitayama, S. Review: The what, why, and how of cultural psychology: A review of Shweder’s “Thinking through
cultures”. Psychol. Inq. 1992, 3, 357-364. [CrossRef]

16. Shweder, R.A. Why cultural psychology? Ethos 1999, 27, 62-73. [CrossRef]


http://doi.org/10.3390/foods10071546
http://www.ncbi.nlm.nih.gov/pubmed/34359416
http://doi.org/10.1016/j.jcps.2011.08.003
http://doi.org/10.1016/j.foodqual.2014.09.013
http://doi.org/10.1016/j.appet.2009.07.010
http://www.ncbi.nlm.nih.gov/pubmed/19619597
http://doi.org/10.1016/j.foodqual.2014.12.004
http://doi.org/10.1016/j.cofs.2021.06.006
http://doi.org/10.1111/1541-4337.12643
http://www.ncbi.nlm.nih.gov/pubmed/33337055
http://doi.org/10.1016/j.cofs.2021.01.007
http://doi.org/10.3389/fpsyg.2018.00911
http://doi.org/10.1002/jnr.24321
http://doi.org/10.1016/j.crfs.2021.12.001
http://www.ncbi.nlm.nih.gov/pubmed/34917953
http://doi.org/10.1037/0033-295X.108.2.291
http://www.ncbi.nlm.nih.gov/pubmed/11381831
http://doi.org/10.1207/s15327965pli0304_19
http://doi.org/10.1525/eth.1999.27.1.62

Foods 2022, 11, 1886 12 0f 15

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

Talhelm, T.; Zhang, X.; Oishi, S.; Shimin, C.; Duan, D.; Lan, X.; Kitayama, S. Large-scale psychological differences within China
explained by rice versus wheat agriculture. Science 2014, 344, 603—-608. [CrossRef]

Highet, G. The Classical Tradition: Greek and Roman Influences on Western Literature; Oxford University Press: New York, NY,
USA, 1949.

Zhongyun, Z. The relationship of Chinese traditional culture to the modernization of China: An introduction to the current
discussion. Asian Surv. 1987, 27, 442-458. [CrossRef]

Tinajero, C.; Paramo, M.F. Field dependence-independence cognitive style and academic achievement: A review of research and
theory. Eur. J. Psychol. Educ. 1998, 13, 227-251. [CrossRef]

Witkin, H.A.; Dyk, R.B.; Paterson, H.F.; Goodenough, D.R.; Karp, S.A. Psychological Differentiation: Studies of Development; Wiley:
Hoboken, NJ, USA, 1962.

Basseches, M. Dialectical Thinking and Adult Development; Ablex Publishing Corporation: Norwood, NJ, USA, 1984.
Spencer-Rodgers, J.; Williams, M.].; Peng, K. Cultural differences in expectations of change and tolerance for contradiction: A
decade of empirical research. Personal. Soc. Psychol. Rev. 2010, 14, 296-312. [CrossRef]

Masuda, T.; Nisbett, R.E. Attending holistically versus analytically: Comparing the context sensitivity of Japanese and Americans.
J. Personal. Soc. Psychol. 2001, 81, 922-934. [CrossRef]

Koo, M.; Choi, J.A.; Choi, I. The psychological and cultural foundations of East Asian cognition: Contradiction, change, and
holism. In The Psychological and Cultural Foundations of East Asian Cognition: Contradiction, Change, and Holism; Spencer-Rodgers, J.,
Peng, K., Eds.; Oxford University Press: London, UK, 2018; pp. 105-134.

Cal Calvo, M.G.; Beltran, D. Brain lateralization of holistic versus analytic processing of emotional facial expressions. Neuroimage
2014, 92, 237-247. [CrossRef]

Li, LM.W,; Masuda, T.; Hamamura, T.; Ishii, K. Culture and decision making: Influence of analytic versus holistic thinking style
on resource allocation in a fort game. J. Cross-Cult. Psychol. 2018, 49, 1066-1080. [CrossRef]

Koo, M.; Shavitt, S.; Lalwani, A K.; Chinchanachokchai, S. Engaging in a culturally mismatched thinking style increases the
preference for familiar consumer options for analytic but not holistic thinkers. Int. Res. |. Mark. 2020, 37, 837-852. [CrossRef]

Ji, L.-J.; Nisbett, R.E.; Su, Y. Culture, change, and prediction. Psychol. Sci. 2001, 12, 450-456. [CrossRef] [PubMed]

De Vaus, ].; Hornsey, M.].; Kuppens, P,; Bastian, B. Exploring the east-west divide in prevalence of affective disorder: A case for
cultural differences in coping with negative emotion. Personal. Soc. Psychol. Rev. 2018, 22, 285-304. [CrossRef] [PubMed]

Choi, L; Dalal, R.; Chu, K.-P; Park, H. Culture and judgement of causal relevance. |. Personal. Soc. Psychol. 2003, 84, 46-59.
[CrossRef]

Choi, I.; Koo, M.; Choi, J.A. Individual differences in analytic versus holistic thinking. Personal. Soc. Psychol. Bull. 2007,
33, 691-705. [CrossRef]

Martin, A.S.; Schug, J.; Maddux, W.W. Relational mobility and cultural differences in analytic and holistic thinking. J. Personal.
Soc. Psychol. 2019, 116, 495-518. [CrossRef]

Chen, S.; Murphy, D. The mediating role of authenticity on mindfulness and wellbeing: A cross cultural analysis. Asia Pac. ].
Couns. Psychother. 2019, 10, 40-55. [CrossRef]

Martin-Fernandez, M.; Requero, B.; Zhou, X.; Gongalves, D.; Santos, D. Refinement of the Analysis-Holism Scale: A cross-cultural
adaptation and validation of two shortened measures of analytic versus holistic thinking in Spain and the United States. Personal.
Individ. Differ. 2022, 186, 111322. [CrossRef]

Beekman, T.L.; Seo, H.-S. Cognitive styles influence eating environment-induced variations in consumer perception of food: A
case study with Pad Thai noodle. Food Qual. Prefer. 2022, 98, 104525. [CrossRef]

Lux, A.A.; Grover, S.L.; Teo, S.T.T. Development and validation of the holistic cognition scale. Front. Psychol. 2021, 12, 4271.
[CrossRef] [PubMed]

Miyamoto, Y. Culture and analytic versus holistic cognition: Toward multilevel analyses of cultural influences. Adv. Exp. Soc.
Psychol. 2013, 47, 131-188.

Triandis, H.C. The Analysis of Subjective Culture; Wiley: Hoboken, NJ, USA, 1972.

Triandis, H.C.; Bontempo, R.; Betancourt, H.; Bond, M.; Leung, K.; Brenes, A.; Georgas, ].; Hui, C.H.; Marin, G.; Setiadi, B.; et al.
The measurement of the etic aspects of individualism and collectivism across cultures. Aust. ]. Psychol 1986, 38, 257-267.
[CrossRef]

Murdock, G.P; Provost, C. Measurement of cultural complexity. Ethnology 1973, 12, 379-392. [CrossRef]

Triandis, H.C.; Bontempo, R.; Villareal, M.].; Asai, M.; Lucca, N. Individualism and collectivism: Cross-cultural perspectives on
self-ingroup relationships. J. Personal. Soc. Psychol. 1988, 54, 323-338. [CrossRef]

Bontempo, R.; Lobel, S.; Triandis, H.C. Compliance and value internalization in Brazil and the U.S. J. Cross-Cult. Psychol. 1990,
21, 200-213. [CrossRef]

Witkin, H.A.; Berry, ].W. Psychological differentiation in cross-cultural perspective. J. Cross Cult. Psychol. 1975, 6, 4-87. [CrossRef]
Kitayama, S.; Park, J. Cultural neuroscience of the self: Understanding the social grounding of the brain. Soc. Cogn. Affect.
Neurosci. 2010, 5, 111-129. [CrossRef]

LeFebvre, R.; Franke, V. Culture matters: Individualism vs. collectivism in conflict decision-making. Societies 2013, 3, 128-146.
[CrossRef]

Guilford, J.P. Three faces of intellect. Am. Psychol. 1959, 14, 469-479. [CrossRef]


http://doi.org/10.1126/science.1246850
http://doi.org/10.2307/2644682
http://doi.org/10.1007/BF03173091
http://doi.org/10.1177/1088868310362982
http://doi.org/10.1037/0022-3514.81.5.922
http://doi.org/10.1016/j.neuroimage.2014.01.048
http://doi.org/10.1177/0022022118778337
http://doi.org/10.1016/j.ijresmar.2020.03.004
http://doi.org/10.1111/1467-9280.00384
http://www.ncbi.nlm.nih.gov/pubmed/11760130
http://doi.org/10.1177/1088868317736222
http://www.ncbi.nlm.nih.gov/pubmed/29034806
http://doi.org/10.1037/0022-3514.84.1.46
http://doi.org/10.1177/0146167206298568
http://doi.org/10.1037/pspa0000142
http://doi.org/10.1080/21507686.2018.1556171
http://doi.org/10.1016/j.paid.2021.111322
http://doi.org/10.1016/j.foodqual.2021.104525
http://doi.org/10.3389/fpsyg.2021.551623
http://www.ncbi.nlm.nih.gov/pubmed/34658981
http://doi.org/10.1080/00049538608259013
http://doi.org/10.2307/3773367
http://doi.org/10.1037/0022-3514.54.2.323
http://doi.org/10.1177/0022022190212004
http://doi.org/10.1177/002202217500600102
http://doi.org/10.1093/scan/nsq052
http://doi.org/10.3390/soc3010128
http://doi.org/10.1037/h0046827

Foods 2022, 11, 1886 13 of 15

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.
75.

76.

77.

78.

Guilford, J.P. The Nature of Human Intelligence; McGraw-Hill: New York, NY, USA, 1967.

Razumnikova, O.M. Divergent versus convergent thinking. In Encyclopedia of Creativity, Invention, Innovation and Entrepreneurship;
Carayannis, E.G., Ed.; Springer: Berlin, Germany, 2013; pp. 546-552.

Brophy, D.R. Comparing the attributes, activities, and performance of divergent, convergent, and combination thinkers. Creat.
Res. J. 2001, 13, 439-455. [CrossRef]

Runco, M.A. Divergent thinking, creativity, and ideation. In The Cambridge Handbook of Creativity; Kaufman, ].C., Sternberg, R.J.,
Eds.; Cambridge University Press: New York, NY, USA, 2010; pp. 413-446.

Molle, M.; Marshall, L.; Lutzenberger, W.; Pietrowsky, R.; Fehm, H.L.; Born, J. Enhanced dynamic complexity in the human EEG
during creative thinking. Neurosci. Lett. 1996, 208, 61-64. [CrossRef]

Sun, J.; Chen, Q.; Zhang, Q.; Li, Y,; Li, H.; Wei, D.; Yang, W.; Qiu, J. Training your brain to be more creative: Brain functional and
structural changes induced by divergent thinking training. Hum. Brain Mapp. 2016, 37, 3375-3387. [CrossRef] [PubMed]

Batey, M.; Chamorro-Premuzic, T.; Furnham, A. Intelligence and personality as predictors of divergent thinking: The role of
general, fluid and crystallised intelligence. Think. Skills Creat. 2009, 4, 60—-69. [CrossRef]

McCrae, R.R.; Ingraham, L.J. Creativity, divergent thinking, and openness to experience. ]. Personal. Soc. Psychol. 1987,
52,1258-1265. [CrossRef]

Chermahini, S.A.; Hommel, B. Creative mood swings: Divergent and convergent thinking affect mood in opposite ways. Psychol.
Res. 2012, 76, 634-640. [CrossRef]

Eris, O. Manifestation of divergent-convergent thinking in question asking and decision making processes of design teams. In
Human Behaviour in Design; Lindemann, U., Ed.; Springer: Berlin, Germany, 2003; pp. 142-153.

Hommel, B. Convergent and divergent operations in cognitive search. In Cognitive Search: Evolution, Algorithms, and the Brain.
Striingmann Forum Reports; Todd, PM., Hills, T.T., Robbins, T.W., Eds.; MIT Press: London, UK, 2012; pp. 215-230.

Ornstein, R.E. The Psychology of Consciousness; Penguin Group: New York, NY, USA, 1972.

Sperry, R.W. Split-brain approach to learning problems. In In the Neurosciences: A Study Program; Quarton, G.C., Theodore, M.,
Schmitt, EO., Eds.; Rockefeller University Press: New York, NY, USA, 1967; pp. 714-722.

Robinson, D.N. What sort of persons are hemispheres? Another look at “split-brain” man. Br. J. Philos. Sci. 1976, 27, 73-78.
[CrossRef]

Gotts, S.J.; Jo, H.J.; Wallace, G.L.; Saad, Z.S.; Cox, R.W.; Martin, A. Two distinct forms of functional lateralization in the human
brain. Proc. Natl. Acad. Sci. USA 2013, 110, 3435-3444. [CrossRef]

Corballis, M.C. Laterality and creativity: A false trail? In The Cambridge Handbook of the Neuroscience of Creativity; Jung, R.E.,
Vartanian, O., Eds.; Cambridge University Press: New York, NY, USA, 2018; pp. 50-57.

Nielsen, J.A.; Zielinski, B.A.; Ferguson, M.A.; Lainhart, ].E.; Anderson, J.S. An evaluation of the left-brain vs. right-brain
hypothesis with resting state functional connectivity magnetic resonance imaging. PLoS ONE 2013, 8, €71275. [CrossRef]
Rossion, B.; Dricot, L.; Devolder, A.; Bodart, ].M.; Crommelinck, M.; De Gelder, B.; Zoontjes, R. Hemispheric asymmetries for
whole-based and part-based face processing in the human fusiform gyrus. J. Cogn. Neurosci. 2000, 12, 793-802. [CrossRef]
Vallortigara, G.; Versace, E. Laterality at the neural, cognitive, and behavioral levels. In APA Handbook of Comparative Psychology:
Basic Concepts, Methods, Neural Substrate, and Behavior; Call, J., Burghardt, G.M., Pepperberg, LM., Snowdon, C.T., Zentall, T., Eds.;
American Psychological Association: Worcester, MA, USA, 2017; pp. 557-577.

Karolis, V.R.; Corbetta, M.; Thiebaut de Schotten, M. The architecture of functional lateralisation and its relationship to callosal
connectivity in the human brain. Nat. Commun. 2019, 10, 1417. [CrossRef] [PubMed]

Kitchens, A.N.; Barber, W.D.; Barber, D.B. Left brain/right brain theory: Implications for developmental math instruction. Rev.
Res. Dev. Educ. 1991, 8, 3-6.

Mehrdad, A.G.; Ahghar, M. Learning styles and learning strategies of left-handed EFL students. Procedia Soc. Behav. Sci. 2012,
31, 536-545. [CrossRef]

Epstein, S.; Pacini, R.; Denes-Raj, V.; Heier, H. Individual differences in intuitive-experiential and analytical-rational thinking
Styles. . Personal. Soc. Psychol. 1996, 71, 390-405. [CrossRef]

Garrison, K.E.; Handley, .M. Not merely experiential: Unconscious thought can be rational. Front. Psychol. 2017, 8, 1096.
[CrossRef] [PubMed]

Corballis, M.C. Left brain, right brain: Facts and fantasies. PLoS Biol. 2014, 12, €1001767. [CrossRef] [PubMed]

Kozhevnikov, M. Cognitive styles in the context of modern psychology: Toward an integrated framework of cognitive style.
Psychol. Bull. 2007, 133, 464-481. [CrossRef]

Mei-Hua, L. Analytic-holistic thinking, information use, and sensemaking during unfolding events. Sunway Aca. J. 2008, 6, 17-32.
Jeesan, S.A.; Seo, H.-S. Color-induced aroma illusion: Color cues can modulate consumer perception, acceptance, and emotional
responses toward cooked rice. Foods 2020, 9, 1845. [CrossRef]

Sabiniewicz, A.; Wrage, F.; Hummel, T. The impact of cognitive and noncognitive factors on odor discrimination performance. J.
Sens. Stud. 2021, 36, €12683. [CrossRef]

Thomas-Danguin, T.; Sinding, C.; Romagny, S.; El Mountassir, E.; Atanasova, B.; Le Berre, E.; Le Bon, A.-M.; Coureaud, G. The
perception of odor objects in everyday life: A review on the processing of odor mixtures. Front. Psychol. 2014, 5, 504. [CrossRef]
Vinitzky, G.; Mazursky, D. The effects of cognitive thinking style and ambient scent on online consumer approach behavior,
experience approach behavior, and search motivation. Psychol. Mark. 2011, 28, 496-519. [CrossRef]


http://doi.org/10.1207/S15326934CRJ1334_20
http://doi.org/10.1016/0304-3940(96)12539-8
http://doi.org/10.1002/hbm.23246
http://www.ncbi.nlm.nih.gov/pubmed/27159407
http://doi.org/10.1016/j.tsc.2009.01.002
http://doi.org/10.1037/0022-3514.52.6.1258
http://doi.org/10.1007/s00426-011-0358-z
http://doi.org/10.1093/bjps/27.1.73
http://doi.org/10.1073/pnas.1302581110
http://doi.org/10.1371/journal.pone.0071275
http://doi.org/10.1162/089892900562606
http://doi.org/10.1038/s41467-019-09344-1
http://www.ncbi.nlm.nih.gov/pubmed/30926845
http://doi.org/10.1016/j.sbspro.2011.12.100
http://doi.org/10.1037/0022-3514.71.2.390
http://doi.org/10.3389/fpsyg.2017.01096
http://www.ncbi.nlm.nih.gov/pubmed/28729844
http://doi.org/10.1371/journal.pbio.1001767
http://www.ncbi.nlm.nih.gov/pubmed/24465175
http://doi.org/10.1037/0033-2909.133.3.464
http://doi.org/10.3390/foods9121845
http://doi.org/10.1111/joss.12683
http://doi.org/10.3389/fpsyg.2014.00504
http://doi.org/10.1002/mar.20398

Foods 2022, 11, 1886 14 0of 15

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Bendall, R.C.A.; Galpin, A.; Marrow, L.P; Cassidy, S. Cognitive style: Time to experiment. Front. Psychol. 2016, 7, 1786. [CrossRef]
Kraemer, D.J.M.; Hamilton, R.H.; Messing, S.B.; DeSantis, ].H.; Thompson-Schill, S.L. Cognitive style, cortical stimulation, and
the conversion hypothesis. Front. Hum. Neurosci. 2014, 8, 15. [CrossRef] [PubMed]

Lunke, K.; Meier, B. New insights into mechanisms of enhanced synaesthetic memory: Benefits are synaesthesia-type-specific.
PLoS ONE 2018, 13, €0203055. [CrossRef] [PubMed]

Greenberg, D.M.; Baron-Cohen, S.; Stillwell, D.J.; Kosinski, M.; Rentfrow, P.J. Musical preferences are linked to cognitive styles.
PLoS ONE 2015, 10, e0131151. [CrossRef]

Minagawa, N.; Kashu, K. Influence of cognitive style and interstimulus interval on the hemispheric processing of tactile stimuli.
Percept. Mot. Skills 1989, 68, 1031-1039. [CrossRef]

Zoccolotti, P.; Passafiume, D.; Pizzamiglio, L. Hemispheric superiorities on a unilateral tactile test: Relationship to cognitive
dimensions. Percept. Mot. Skills 1979, 49, 735-742. [CrossRef]

Heatherly, M.; Dein, M.; Munafo, J.P.; Luckett, C.R. Crossmodal correspondence between color, shapes, and wine odors. Food
Qual. Prefer. 2019, 71, 395-405. [CrossRef]

Sigrist, R.; Rauter, G.; Riener, R.; Wolf, P. Augmented visual, auditory, haptic, and multimodal feedback in motor learning: A
review. Psychono. Bull. Rev. 2013, 20, 21-53. [CrossRef]

Follmann, R.; Goldsmith, C.J.; Stein, W. Multimodal sensory information is represented by a combinatorial code in a sensorimotor
system. PLoS Biol. 2018, 16, €2004527. [CrossRef] [PubMed]

Freeman, W.J. The neurobiology of multimodal sensory integration. Integr. Psychol. Behav. Sci. 1998, 33, 124-129. [CrossRef]
[PubMed]

Turner, B.M.; Gao, J.; Koenig, S.; Palfy, D.; Mcclelland, J.L. The dynamics of multimodal integration: The averaging diffusion
model. Psychon. Bull. Rev. 2017, 24, 1819-1843. [CrossRef] [PubMed]

Frank, S.; Kullmann, S.; Veit, R. Food related processes in the insular cortex. Front. Hum. Neurosci. 2013, 7, 499. [CrossRef]
[PubMed]

Seo, H.-S.; Hummel, T. Cross-modal integration in olfactory perception. In Springer Handbook of Odor; Buettner, A., Ed.; Springer:
Berlin, Germany, 2017; pp. 897-917.

Seo, H.-S. Sensory nudges: The influences of environmental contexts on consumers’ sensory perception, emotional responses,
and behaviors toward foods and beverages. Foods 2020, 9, 509. [CrossRef] [PubMed]

Verhagen, ].V. The neurocognitive bases of human multimodal food perception: Consciousness. Brain Res. Rev. 2007, 53, 271-286.
[CrossRef]

Hoffmann-Hensel, S.M.; Sijben, R.; Rodriguez-Raecke, R.; Freiherr, ]. Cognitive load alters neuronal processing of food odors.
Chem. Sens. 2017, 42, 723-736. [CrossRef]

Hidalgo-Baz, M.; Martos-Partal, M.; Gonzalez-Benito, O. Assessments of the quality of organic versus conventional products, by
category and cognitive style. Food Qual. Prefer. 2017, 62, 31-37. [CrossRef]

Mawad, F; Trias, M.; Giménez, A.; Maiche, A.; Ares, G. Influence of cognitive style on information processing and selection of
yogurt labels: Insights from an eye-tracking study. Food Res. Int. 2015, 74, 1-9. [CrossRef]

Jeong, S.; Lee, ]. Effects of cultural background on consumer perception and acceptability of foods and drinks: A review of latest
cross-cultural studies. Curr. Opin. Food Sci. 2021, 42, 248-256. [CrossRef]

Hudson, T.E.; Li, W.; Matin, L. The field dependence/independence cognitive style does not control the spatial perception of
elevation. Percept. Psychophys. 2006, 68, 377-392. [CrossRef]

Miyamoto, Y.; Nisbett, R.E.; Masuda, T. Culture and the physical environment holistic versus analytic perceptual affordances.
Psychol. Sci. 2006, 17, 113-119. [CrossRef] [PubMed]

Cheon, B.K,; Tang, R.; Chiao, ].Y.; Tang, Y.-Y. The cultural neuroscience of holistic thinking. In The Psychological and Cultural
Foundations of East Asian Cognition: Contradiction, Change, and Holism; Spencer-Rodgers, ]. M., Peng, K., Eds.; Oxford University
Press: New York, NY, USA, 2018; pp. 181-211.

Chiao, ].Y. Developmental aspects in cultural neuroscience. Dev. Rev. 2018, 50, 77-89. [CrossRef] [PubMed]

Jaeger, S.R.; Hort, J.; Porcherot, C.; Ares, G.; Pecore, S.; MacFie, H.J.H. Future directions in sensory and consumer science: Four
perspectives and audience voting. Food Qual. Prefer. 2017, 56, 301-309. [CrossRef]

Wang, Q.].; Barbosa Escobar, F.; Alves Da Mota, P.; Velasco, C. Getting started with virtual reality for sensory and consumer
science: Current practices and future perspectives. Food Res. Int. 2021, 145, 110410. [CrossRef]

Chrea, C.; Valentin, D.; Sulmont-Rossé, C.; Ly Mai, H.; Hoang Nguyen, D.; Abdi, H. Culture and odor categorization: Agreement
between cultures depends upon the odors. Food Qual. Prefer. 2004, 15, 669—-679. [CrossRef]

Bakhchina, A.V.; Apanovich, V.V,; Arutyunova, K.R.; Alexandrov, Y.I. Analytic and holistic thinkers: Differences in the dynamics
of heart rate complexity when solving a cognitive task in field-dependent and field-independent conditions. Front. Psychol. 2021,
12, 5556. [CrossRef]

Hildebrand, D.; Harding, R.D.; Hadi, R. Culturally contingent cravings: How holistic thinking influences consumer responses to
food appeals. J. Consum. Psychol. 2019, 29, 39-59. [CrossRef]

Togawa, T.; Park, J.; Ishii, H.; Deng, X. A packaging visual-gustatory correspondence effect: Using visual packaging design to
influence flavor perception and healthy eating decisions. J. Retail 2019, 95, 204-218. [CrossRef]


http://doi.org/10.3389/fpsyg.2016.01786
http://doi.org/10.3389/fnhum.2014.00015
http://www.ncbi.nlm.nih.gov/pubmed/24523687
http://doi.org/10.1371/journal.pone.0203055
http://www.ncbi.nlm.nih.gov/pubmed/30183781
http://doi.org/10.1371/journal.pone.0131151
http://doi.org/10.2466/pms.1989.68.3c.1031
http://doi.org/10.2466/pms.1979.49.3.735
http://doi.org/10.1016/j.foodqual.2018.08.019
http://doi.org/10.3758/s13423-012-0333-8
http://doi.org/10.1371/journal.pbio.2004527
http://www.ncbi.nlm.nih.gov/pubmed/30321170
http://doi.org/10.1007/BF02688656
http://www.ncbi.nlm.nih.gov/pubmed/9737732
http://doi.org/10.3758/s13423-017-1255-2
http://www.ncbi.nlm.nih.gov/pubmed/28275990
http://doi.org/10.3389/fnhum.2013.00499
http://www.ncbi.nlm.nih.gov/pubmed/23986683
http://doi.org/10.3390/foods9040509
http://www.ncbi.nlm.nih.gov/pubmed/32316596
http://doi.org/10.1016/j.brainresrev.2006.09.002
http://doi.org/10.1093/chemse/bjx046
http://doi.org/10.1016/j.foodqual.2017.06.008
http://doi.org/10.1016/j.foodres.2015.04.023
http://doi.org/10.1016/j.cofs.2021.07.004
http://doi.org/10.3758/BF03193684
http://doi.org/10.1111/j.1467-9280.2006.01673.x
http://www.ncbi.nlm.nih.gov/pubmed/16466418
http://doi.org/10.1016/j.dr.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30778272
http://doi.org/10.1016/j.foodqual.2016.03.006
http://doi.org/10.1016/j.foodres.2021.110410
http://doi.org/10.1016/j.foodqual.2003.10.005
http://doi.org/10.3389/fpsyg.2021.762225
http://doi.org/10.1002/jcpy.1049
http://doi.org/10.1016/j.jretai.2019.11.001

Foods 2022, 11, 1886 150f 15

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.
127.

128.

129.

130.

131.

132.

133.

Yang, D.; Xie, N.; Su, S.J. Claiming best or better? The effect of target brand’s and competitor’s puffery on holistic and analytic
thinkers. J. Consum. Behav. 2019, 18, 151-165. [CrossRef]

Peng-Li, D.; Byrne, D.V,; Chan, R.C.K,; Wang, Q.]. The influence of taste-congruent soundtracks on visual attention and food
choice: A cross-cultural eye-tracking study in Chinese and Danish consumers. Food Qual. Prefer. 2020, 85, 103962. [CrossRef]
Beekman, T.L.; Seo, H.-S. Analytic versus holistic: Cognitive styles can influence consumer response and behavior toward foods.
J. Sens. Stud. 2021, 37, €e12723. [CrossRef]

Gupta, M.; Torrico, D.D.; Hepworth, G.; Gras, S.L.; Ong, L.; Cottrell, J.J.; Dunshea, ER. Differences in hedonic responses, facial
expressions and self-reported emotions of consumers using commercial yogurts: A cross-cultural study. Foods 2021, 10, 1237.
[CrossRef] [PubMed]

Santos, D.; Requero, B.; Martin-Fernandez, M. Individual differences in thinking style and dealing with contradiction: The
mediating role of mixed emotions. PLoS ONE 2021, 16, e0257864. [CrossRef] [PubMed]

Castillo, M. The complicated equation of smell, flavor, and taste. Am. ]. Neuroradiol. 2014, 35, 1243-1245. [CrossRef] [PubMed]
Small, D.M.; Prescott, ]. Odor/taste integration and the perception of flavor. Exp. Brain. Res. 2005, 166, 345-357. [CrossRef]

Cui, G,; Liu, H.; Yang, X.; Wang, H. Culture, cognitive style and consumer response to informational vs. transformational
advertising among East Asians: Evidence from the PRC. Asia Pac. Bus. Rev. 2013, 19, 16-31. [CrossRef]

Samant, S.S.; Seo, H.-S. Using both emotional responses and sensory attribute intensities to predict consumer liking and preference
toward vegetable juice products. Food Qual. Prefer. 2019, 73, 75-85. [CrossRef]

Rana, J.; Paul, J. Consumer behavior and purchase intention for organic food: A review and research agenda. J. Retail. Consum.
Serv. 2017, 38, 157-165. [CrossRef]

Kumar, A.; Smith, S. Understanding local food consumers: Theory of planned behavior and segmentation approach. J. Food Prod.
Mark. 2018, 24, 196-215. [CrossRef]

Loose, S.M.; Remaud, H. Impact of corporate social responsibility claims on consumer food choice: A cross-cultural comparison.
Br. Food J. 2013, 115, 142-161. [CrossRef]

van der Laan, L.N.; Smeets, P.A.M. You are what you eat: A neuroscience perspective on consumers’ personality characteristics as
determinants of eating behavior. Curr. Opin. Food Sci. 2015, 3, 11-18. [CrossRef]

Kabir, A.; Miah, S.; Islam, A. Factors influencing eating behavior and dietary intake among resident students in a public university
in Bangladesh: A qualitative study. PLoS ONE 2018, 13, e0198801. [CrossRef] [PubMed]

Ren, X.P,; Lu, K.W,; Tuerdi, M. Uyghur-Chinese and Han-Chinese differences on social orientation. Cult. Brain 2014, 2, 141-160.
[CrossRef]

Apanovich, V.V,; Bezdenezhnykh, B.N.; Sams, M.; Jadskeldinen, I.P.; Alexandrov, Y. Event-related potentials during individual,
cooperative, and competitive task performance differ in subjects with analytic vs. holistic thinking. Int. ]. Psychophysiol. 2018,
123, 136-142. [CrossRef] [PubMed]

Vanbergen, N.; Irmak, C.; Sevilla, J. Product entitativity: How the presence of product replicates increases perceived and actual
product efficacy. J. Consum. Res. 2020, 47, 192-214. [CrossRef]

Zhang, T.; Chen, J.; Grunert, K.G. Impact of consumer global-local identity on attitude towards and intention to buy local foods.
Food Qual. Prefer. 2022, 96, 104428. [CrossRef] [PubMed]

Henrich, J.; Heine, S.; Norenzayan, A. The weirdest people in the world? Behav. Brain Sci. 2010, 33, 61-83. [CrossRef]

Masuda, T.; Batdorj, B.; Senzaki, S. Culture and Attention: Future Directions to Expand Research Beyond the Geographical
Regions of WEIRD Cultures. Front. Psychol. 2020, 11, 1394. [CrossRef]

Brauch, M.; GroSller, A. Holistic versus analytic thinking orientation and its relationship to the bullwhip effect. Syst. Dyn. Rev.
2022; In press. [CrossRef]

Monteleone, E.; Spinelli, S.; Dinnella, C.; Endrizzi, I.; Laureati, M.; Pagliarini, E.; Sinesio, F.; Gasperi, F,; Torri, L.; Aprea, E.; et al.
Exploring influences on food choice in a large population sample: The Italian Taste Project. Food Qual. Prefer. 2017, 59, 123-140.
[CrossRef]

Tan, L.; Wang, X.; Guo, C.; Zeng, R.; Zhou, T.; Cao, G. Does exposure to foreign culture influence creativity? Maybe it’s not only
due to concept expansion. Front. Psychol. 2019, 10, 537. [CrossRef] [PubMed]

Hu, X.; Wang, Y.; Liao, S.; Peng, K. Do experiences studying abroad promote dialectical thinking? Empirical evidence from
Chinese international students. Front. Psychol. 2021, 12, 595935. [CrossRef] [PubMed]

Mesoudi, A.; Magid, K.; Hussain, D. How do people become W.E.ILR.D.? Migration reveals the cultural transmission mechanisms
underlying variation in psychological processes. PLoS ONE 2016, 11, e0147162. [CrossRef] [PubMed]

Na, J.; Huang, C.M.; Park, D.C. When age and culture interact in an easy and yet cognitively demanding task: Older adults, but
not younger adults, showed the expected cultural differences. Front. Psychol. 2017, 8, 457. [CrossRef]


http://doi.org/10.1002/cb.1754
http://doi.org/10.1016/j.foodqual.2020.103962
http://doi.org/10.1111/joss.12723
http://doi.org/10.3390/foods10061237
http://www.ncbi.nlm.nih.gov/pubmed/34072300
http://doi.org/10.1371/journal.pone.0257864
http://www.ncbi.nlm.nih.gov/pubmed/34559841
http://doi.org/10.3174/ajnr.A3739
http://www.ncbi.nlm.nih.gov/pubmed/24091442
http://doi.org/10.1007/s00221-005-2376-9
http://doi.org/10.1080/13602381.2011.626967
http://doi.org/10.1016/j.foodqual.2018.12.006
http://doi.org/10.1016/j.jretconser.2017.06.004
http://doi.org/10.1080/10454446.2017.1266553
http://doi.org/10.1108/00070701311289920
http://doi.org/10.1016/j.cofs.2014.11.001
http://doi.org/10.1371/journal.pone.0198801
http://www.ncbi.nlm.nih.gov/pubmed/29920535
http://doi.org/10.1007/s40167-014-0020-x
http://doi.org/10.1016/j.ijpsycho.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/28986326
http://doi.org/10.1093/jcr/ucaa006
http://doi.org/10.1016/j.foodqual.2021.104428
http://www.ncbi.nlm.nih.gov/pubmed/34690445
http://doi.org/10.1017/S0140525X0999152X
http://doi.org/10.3389/fpsyg.2020.01394
http://doi.org/10.1022/sdr.1702
http://doi.org/10.1016/j.foodqual.2017.02.013
http://doi.org/10.3389/fpsyg.2019.00537
http://www.ncbi.nlm.nih.gov/pubmed/31105607
http://doi.org/10.3389/fpsyg.2021.595935
http://www.ncbi.nlm.nih.gov/pubmed/34122210
http://doi.org/10.1371/journal.pone.0147162
http://www.ncbi.nlm.nih.gov/pubmed/26760972
http://doi.org/10.3389/fpsyg.2017.00457

	Introduction 
	Cognitive Style’s Effects on Perception and Liking of Sensory Stimuli 
	Concept of Cognitive Style 
	Analytic Versus Holistic Style 
	Collectivism Versus Individualism Style 
	Convergent Versus Divergent Style 
	Left Brain Versus Right Brain Style 

	Influences of Cognitive Style on Perception and Liking of Sensory Stimuli 
	Single Module Stimuli 
	Multi-Module Stimuli 


	Influences of Analytic or Holistic Cognitive Style on Food Perception and Eating Behavior 
	Single Module Stimuli 
	Multi-Module Stimuli 
	Eating Behavior 

	Future Directions 
	Conclusions 
	References

