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Abstract

Insights<«and tools from neuroscience are of great value to marketers. Neuifascient
techniques allow consumer researchers to understand the fundamental neurainingerpf
psychological processes that drive consumer behavior, and elucidate the ‘blattlabsxthe
consumer’s mind. In the following review, we first provide an overview of the fundamental
tenets otonsumeneuroscience, selectively outline key areas of marketing that consumer
neurosciencerhas contributed to, compare and contrast neuroscientific tools and,raathods
discuss future directions for neurophysiol@giework in marketing.n doing sowe illustrate the
broad substantive landscape that neurosciencadsmalue to within marketing.

Keywords: consumer behavior, marketing, neuroscience, consumer neuroscience,
neuromarketing, neurophysiology, decision neuroscience, decision making, neuroeconomics,

social neuroscience, genetic association

The Neuropsychology of Consumer Behavior ktatketing
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Marketers ag plagued with the reality thdespite widespread use of saffsessment
measurg, such as surveys and questionnaires, consumeunsiskiledat retrospective
introspectionNisbett & Wilson, 197Y. In search of more objective aneliable insights into
consumenthought processes, the use of psychophysiological measures to study consumer
behavior began with electrodermal responses in the 1920s (Bagozzi, 1991) and pupillary dilati
in the 1960syfollowed shortly after by efracking and heart rate measures (Wang & Minor,
2008).More recently,@chnological advancdsgmve lednarketers taseelectroencephalography
(EEG) and_functional magnetic resonance imagiltiRl; seeTable 1 for an overvievof
neuroscientific/methods; Kenning, Plassmann, & Ahlert, 2007). Such applications of
neuroscientific techniques to study consumers’ emotions and cognitive responsexianesls
the field of consumer neuroscien€onsumer neuroscience, definedpplying “tools and
theories from neuroscience to better understand decision making and relateceptocess
(PlassmannVvenkatraman, Heuttel, & Yoon, 2015, p. 428)an interdisciplinary academic
subfield of*marketing and neuroeconomics, at the intersectinaurbscience and consumer
psychology, and overlaps witlecision neuroscienc€onsumer neuroscientedifferentiated
from neuromarketingn thatthe latterinvolves the practical implementation of neuroscientific
knowledge (often derived by consumer remaiencg, primarily in industry for company-
specificcmarketing insightddubert & Kenning, 2008).

The use of neuroscientific techniques in marketiag generated considerable interest
and excitementsin recent years, evidenced by an increasing nungudioftions and review
paperdn the area (e.g., Kenning & Plassmann, 2B8ssmann et al., 2015; Smidts et al., 2014,
2012; Solnais, Andrekerez, Sanchezernandez, & Andréu-Abela, 2013; Yoon et al., 2048
well assignificant investments by industry leading marketing research and advertisingeagenci
in neuroscience divisions (including Nielsen, Ipsos, and Millward Brown). For examj2@l15b,
The Journalof*'Mar keting Research, one of thdop academigournals in marketing, published
specal issueon'neuroscience and marketing (Camerer & Yoon, 2015). In industry, one of the
world’s largest market research firniiglson, acquired Neurofocpa leaéhg neuromarketing
firm, in 2011 (Hsu & Yoon, 2015).

The pimary reason for such heightenieterestin neuroscience within marketingthe
promise that neuroimaging techniques, anditita that they generate, may allow researchers to

unravel the “black boxinside the mind of the consumer (Fugate, 2007; Lee, Broderick, &
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Chanberlain, 2007). Behavioral outcomes, well as the consumer processes associated with
those outcomesre of great importance to marketerswéver, similar behaviors within an
individual, and between individuals, may be elicited as a result of highly differdatlyimg
psycholagical processasany of which are not readily observable using traditional research
methods (Adolphs, 2010; Sanfeyal, 2003). Thus, neuroimaging techniques are attractive in
marketing-applications because they provide researchemactdionerswith seemingly
objective physiological datarepotentiallyless susceptible to experimenter bdaslemand
effects,and.can benore reliable than sefeport data (Camerer, Loewenstein, & Prelec, 2005).

The,purpose of this paper isreviewthefoundational tenets afonsumemneuroscience,
providing feaders with a basic understanding of the neural basis of fundamentaleayrti
affective processesy provide a selectiveeview of current research aonsumer neuroscience,
to summarizecommonneuoscientific tools and methodsnd to discuss the future of

neurosciepcesand marketing.

Foundational Tenets of Consumer Neuroscience

Human decision making is carried out through a complex symphony of neuroml fi
and functionalcircuitry. The neuro-biological components underlying cognitivaféexive
processes rely.on non-mutually exclusive functional neuroanatomy. For this reasonhezsear
use simplified abstractions of brain areas a@dral circuits to organize scientific knowledge.
Suchabstraetions represent the most essential biological components necessary for a given
neural process; and omit many detéoisbrevity. Here weconsider founeural circuits
commonly studied iconsumeand decisiomeurosciencet) attention,2) memory,3) emotional
processing, and) reward processing.
Attention

At any"given momengur senseare bombarded with vastly more sensory information
from environmental stimuli thacanbe effectively processed in the brain. With such a vast
disparitybetweernthe amount of incoming information and our processaqgacity determining
which information to process (or attend togigical for decision makingAttentioral
mechanismsnodulatethe selective concentratiah specific stimuli, or certain discreéspects
of stimuli, while deemphasizing or ignorgother stimuli or distractor§wo primay modes of

attention exist: bottorap attention, and top-down attention (Kastner & Ungerleider, 2000).
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Whereas bottom-up attention is driven by environmental cues (e.g., a shocking noise or
unexpected scenbuncan & Humphreys, 1989reisman & Gelade, 1980), top-down attention
is driven by an individual’s internal goals and motivations (ee@ding a book)external states,
or expectationsi(Connor, Egeth, & Yantis, 2004drbetta & Shulman, 2002Bottom-up
attention isautomatic, or unconsciously driveamdessatial for firstimpression judgments of
stimuli. Forrexample, when viewing marketing stimuditial eye movements are driven by
bottom-up.factorssuch as color and brightnessid within the first 2.5 seconds consumers make
an average,of four ey@ovements (Huddleston, Behe, Minahan, & Fernandez, 2014;
Milosavljevic, Navalpakkam, Koch, & Rangel, 2012).

In contrasttop-down attentioms conscios, and information that is relevant to a
consumer’s goals or expectation is given attentional priority/empha$\ate & Horowitz,
2004). Much research has been conducted examining the functional pathways involved in
bottom-upsand-top-down attentidfey brain regions associated with bottom-up attention
include thetinsulaanterior cingulate cortexand dorsolateral prefrontal cortéselleman & Van
Essen, 1991; Ungerleider & Haxby, 199@pnversely, th&ey brain regions associated with
top-downattention include the dorsolateral prefrontal corteferior parietal sulcusnferior
frontal gyrusymiddle temporal gyrysgsterior cingulate cortexand precuneus (Cook &
Maunsell,; 2002; Luck, Chelazzi, Hillyard, & Desimone, 1997; Noudoost, Chagigng&itz, &
Moore, 2010).

The'largest portion of incoming environmental information is visual, and, aslg res
vision progessing is dominant among the human senses (Kaas, 2008; KochSg2oergl
regions in the prefrontal cortex are believed to be essential to both bottamd-tgpadown
attentional processes particular, althoughaw visual information is processedtime occipital
lobe, connections to neurons in the prefrontal cortex appear to direct and focusttestiaha
(Armstrong;"Fitzgerald, & Moore, 2006). Two cortical routes are involved in visuatgso:
the dorsalwvisual pathway and the ventral visual pathway. The dorsal visual pathwagmuns f
the primary visual cortex V1, to the dorsolateral prefrontal cortex, routing throegtosterior
parietal cortexjwand is primarily involved in the spatial deployment of attentanvetsely, the
ventral visual pathway runs from the primary visual cortextv'the ventrolateral prefrontal
cortex, routing through the inferotemporal cortex, and is primarily involved in object

recognition.Given attentional biases towards visual processing, stimuli that are visually salient
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(e.g., brighter, more colorful) are often attended to more rapidly or for a longer amaiomg of
than those that are not visually salient (Milosavljevic et al., 2012; van Zoest, Ddrle&wes,
2004).

Memory,

In orderifor past information to influence future decisions, it must be encoded,
consolidatedyancetrieved. Defined a&ny physical change that carries information about the
historical past” (Redish 8izumori, 2015), memorys thebrain’s mechanisrfor the retention
and retrieval of information. Such retention of informat®essentialor learning and
determining_ futtre actiong.or this reason, memory and decision making are tightly intertwined.
Multiple memory systems exist within the braisichenbaum, 1994; McDonald & White, 1993;
Sauire, Knowlton, & Musen, 1993). Categorically, theare three different types of memory:
sensory memory (Sperling, 1963), short-term or working memory (Miller, 1956; Baddeley,
2017), andrlongerm memoryBliss & Collingridge, 1993; McGaugh, 2000). Within loterm
memory,implicit or procedural memories, which are processed unconsciously, are associated
with activation inthe striatum and cerebellu@d@yonet al, 1998 Packard Cahill, & McGaugh,
1994. Alternatively, explicit or declarative loAgrm memories, which are processed
consciously;*ean be episodic (memory for events or experiences) or semantaryrfa facts
or concepts)..Broadly etlarative memory traces are largely associatedawtilvation in the
hippocampus and surroundingocortex, such as the medial tempéshe (Eichenbaum, 2000).
Memory foraversive or fearful negative events is associatedaatitvation inthe amygdala
(Murray, 2007).

Memory consolidation, which is essential for the formation of l@mg memories,
occurs via longerm potentiation, othe neural strengthening of patterned synapse activation
(Lynch, 2004). Evidence suggests that the amygdala phaysportantmodulating role in
memory consolidation, functioning to determine the strength and significance of meresy tra
whereas the"ppocampus acts as themarylocus of memory processing and consolidation
(McGaugh; 2000)Given that the amygdala is heavily involved in both emotional processing
(discussedbelow) and the modulation of memory formation, it is not surprising that eratiyion
arousing experiences are better remembtral non-emotionally arousirexperiences
(Christianson, 2014). The amygdala can modulate memory formation strength by signaling for

the release of hormones along the hypothalapitictary-adrenal axigSmith & Vale, 2006).
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Greaterstrength ofemembrancéor emotional experiencas regulated by the release of the
adrenal stress hormones, suckepisiephrine and cortisoGld & Van Buskirk, 197k For
example, amygdala inactivation during fear conditioning prevents learning of thd &ssniuli
from taking placeNluller, Corodimas, Fridel, & LeDoux,997).

Emotional/Proeessing

Subjectivesfeelings, such as happiness, sadness, fear, anger, sangrigisgust, play an
importantgole in decision making and posteision appraisabkman, 1992, 19994t the
neural levelfjwo theoretical approaches for understanding emotion exist: the locationist
approach,which hypothesizes that discrete emoti@iatories are tied to specific brain areas,
and the psychological constructionist approach, which hypothesizes that emotionsdgsare
constructed from interactions between general neural netwakarenot specific to emotion
categories. Althoughignificantmetaanalytical evidence supporting thsychological
constructignisapproach exists (see ldquistet al, 2012), the vast majority giast research on
emotional=proecessing within the brain eslion the locationist approach. Neural activation results
from studies using bcationist approacbanprovide the foundation for the interrelated neural
networks of norcategorical emotional responses hypothesiaeconstructionishpproaches.
Fora psychoelegical constructionist summary of brain networks consistentlytadtisharing
specificcmental states and emotional methodological manipulations, see Table Goofidtiet
al. (2012).

According to the locationist approache primary neural correlates of emotion e
medial prefrontal cortexamygdala, along with the thalamus and hypothalathesnsular
cortex, the orbitofrontal cortexucleus accumbenand the anterior cingulate corte&t central
importance to emotional processjrgnd most well researchasd the amygdala, which primayil
processes negative emotiofesgr,unknown stimuli, and inequality (e.g., LeDoux, 2000, 2015;
Rilling & Sanfey, 2011). Revious research hasgsolinked insular cortex activatiowith the
perceptionand/or expectation of risk (Preuschoff, Quartz, & Ross2008), as well anger
over unfair'situations (Sanfeyt al, 2003), and disgusd#bbi, Bastiaansen, & Keysep§08;
Wicker et al, 2003). The orbitofrontal cortex appears to play a roger Murphy, Nimmo-
Smith, & Lawrence2003; Vytal &Hamann 2010), and feelings of regret after decision
outcomeghat differ from one’s expectations (Coricadtial, 2005). The nucleus accumbens, in

concert with other reward related brain regi@isoplays a rolen emotional processing, largely
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in conjunction withthe neurotransmitter dopamine, relatingrtmtivational processes including
behavioral activation, exertion of effort, approach behavior, and sustained task engageme
function (Salamoné& Correg 2012, p. 470)The anterior cingulate c@x has been primarily
associated withssadnesdyrphy et al, 2003; Phan, Wager, Taylor, & Liberzon, 2002), but is
believed te'betinvolved in the processing of a variety of atbaral emotional responses and the
integration‘of-emeotioal responses inte decision-making process (Bush, Luu, & Posner,
2000).

Reward Processing

Costbenefit analysis is necessary for determining the utility of option altersatfikie
dopaminergi¢ circuitreferred tgpreviously, which includebrainareasnvolved inthe
neurotransmittedopamine’s synthesis and receptisnhroadly associated with reward
processing. Key elements of the dopaminergic reward circuit are the ventral tegmental area, the
amygdalagstriatum (putamen, caudate nucleus, and nucleus accumbens), ventral pallidum,
insular cortexy:and prefrontal cortepagticularly the orbitofrontal cortex; ArigSarrionet al,
201Q see/also Kringelback Berridge, 2012).

The reward circuit is activated response to subjectively attractive desirable regsurc
and experiences, such as food (Berridge, 1996), money (Knutson, Adams, Fong, & Hommer,
2001),sex Pfaus, 2009), and drugs (Wise & Rompre, 198®)re specifically, lhe ventral
tegmental area is responsible for the synthesis and transmission of dofmaothmer areas of the
dopaminergie-eircuit (Fields, Hjelmstad, Margolis, & Nicop007).The striatum islso
crucially implicated in formingevaluative expectatior(&nutson & Wimmer, 2007) ansbcial
rewardprocessingFliessbactet al, 2007).

Rewad can be separated intwd dissociable psychological components: wanting (or
incentive salience) and liking (or hedonic imp&xrridge, Robinson, & Aldridge, 2009; Poet
al., 2016)."Wanting promotes the approach and consumption of rewards (rather than withdrawal)
— wanting*has"a motivational component, is incentive salient, and neurobiologicatigtdisim
liking.

Thewanting system is a network of brain processes that govern mbtimaand is
expressed as tlaesirefor rewards The wanting system gives “a visceral oomph to mental
desires” (Berridge, 2009, p. 378). Evidence for the neural basis of wanting has primarily been

found in the subcortical brain circuits, with the mesolimbic dopamine system bepagtiotilar
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importance (Berdge, Robinson, & Aldridge, 2009Namely, the neural wanting system consists
of the ventral tegmental area, nucleus accumbens, ventral pallidum, amygdaier, entgulate
cortex, orbitofrontal cortex, and insular cortex. Dopamine, produckn imentral tegmental
area spreads throughout the wantisygstemo influence desires for specific rewards and effort
expended.thereof. On the other hand, liking is the core process of hedonic pleasure —
foundationalyevelutionarily ancestral, and unconscious or implicit (Winkielmanidgerr&
Wilbargerg 2005).

Theliking systemregulates pleasure responses andnspased of a small number of
“hedonic het spots” in the brain. Hedonic responses andhe form of “sensory pleasures as
well as many higher types of pleasure (e.g., cognitive, social, aesthetic, and moral)” (Berridge &
Kringelbach, 2015, p. 646). Whereas dopamine is a pervasive mechanism for rewardngrocessi
in the wanting system, the liking system has a small number of regions where opioids and
endocannabineids intensify sensations of pleasure (e.g., Kringelbach & Berridge, 2012;
Salamone&8Correa, 2012). The nucleus accumbens and ventral pallidum interact with each
other in this regat and send information to the orbitofrontal cortex, where highaer
cognitive processing occurs. Within the limbic system, opioid, endocannabinoid, and GABA
systems aresparticularly important for liking reactions. In nonhuman animalsyatises of
positivegéfective facial expressions habeen used to map specific hedonic hot spots, including
opioid enhancement of liking in the rostrodorsal quadrant of the medial shell of thesnucle
accumbenss(Pecifia & Berridge, 2005) and ventral pallidum (SmBbr&dge, 2005), and
endocannabinoid enhancement of liking in the nucleus accumbens (Mahler, Smith, & Berridge,
2007). Thus, although distinct, the wanting and liking systeradaqvin terms of brain regions;
both systems combine to produabjective felings of pleasure.

The wanting and liking systems have obvious implications for decision making by
consumers'and' managers, agb relate to satisfaction. We will provide an exansplertly
during the"discussion gfenetic factors, wherein gene variamtsychological phenotypes, and
stress are'shown to combine to influence wanting and liking, which in turn driveirjoags
and satisfaction

A Review of Consumer Neuroscience
The goal of consumer neuroscience igpply neuroscientific theory and methods to

better understand consumer psychology. In doing so, behavioral theories, models, and methods
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from consumer psychology are combined with those from neuroscience, in an attempt to
appreciate the biological contribution of consumer behakidhis sectionwe selectively

review literature from three key research areas that consumer neuroscience has added significant
value to;1).advertising and branding) consumer preference and choice, @hgrice, product,
promotiongandyplace (i.e., the marketing mix).

Advertisingand-Branding

Primarily usingfMRI, a number of initial studies investigating brand favorability, brand
associations, brand recall, and brand loyalty have been conducted. Research on brand
favorability,is_intended to developbetterunderstanding of theeural mechanisnibatare
responsible for brand preference. Deppal.(2005) show thavhen consumers make decisson
in which a choice set contaittsee consumeés favorite brand (asompared to a choice set
without theconsumer’s favorite brandhere is increased activation in the ventromedial
prefrontal cortex. Additionallysuch choice sets containing@nsumer’s favorite brand resulted
in reduced-activation of the dorsolateral prefrontal cortex, inferior frontal gyrus, and
cuneus/precuneus (visual cortekiese eural correlates of brand favorability appear to be
modulated by the anter cingulate cortex, which has besimown to predict the degree of bias
an individuakaffords a brand on judgments of product attractiveness and credibippe@al,
2005; Deppeet.al, 2007).

Evidence for similar biasing of choice by brand preferences comesafiesion study by
Koenig and=Franel (2008), which demonstrated that significant Coke versus Pepsi brand
preference reversals between blind and open trials were not observed in patients with
ventromedial prefrontal cortex lesions, but were observed in healthy consumers, paténts
with ventromedial prefrontal cortex lesions had consistent preferences, regardless of whether the
brand was present or not, whereas the preferences ofyheaifttumers were biased whamand
information"was present. Additionally, in uncertdecisions, brand preference amplifies the
intensity of'ventromedial prefrontal cortex activati®tassmannO’'Doherty, Shiv, & Rangel,
2008). The'striatum has also been implicated in the predictive value of brand favasblene
Schaefer and'Rotte (208,72007b) found thatctivity in theventral striatunpositively
correlated withdegree of sports and luxury characteristics of a bferd, imagining driving in a
BMW vs.an unbranded carput negatively correlated with rational choice attributions of the

brands.

This article is protected by copyright. All rights reserved



NEUROSCIENCE AND MARKETING 12

Brand associatiorare learned attributes or values that a brand elicits in a consumer’s
mind. Initial work by Erket al.(2002), and later corroborated by Schaefer and Rotte (2007a),
showed that brandbkatare knavn to signal high social stagpthrough wealth and social
dominanceare associated with the braim&swvard circuit, specifically the striatum, ventromedial
prefrontal cortex, medial orbitofrontal cortex, and anterior cingulate cortex. éwlality, car
brands signaling-low status have been associated with activation in the superabigfyars and
anterior cingulate cortexs¢chaefer & Rotte2007b). Thus, experiencing brands that signal high
social status seems to be rewarding to the consumer, on a neural level. Similarly, some evidence
suggests that brands can alter actual consumption expefiendarand information changes the
neural response when consuming the product). For instance, in seminal work by McClure and
colleagues (2004), consumers who knew they were drinkikg,&@rsushose who kaw they
were drinking Pepsi (or those who did not know what brand they were drinking), displayed
neural activation chang&s the memory circuit (i.e hippocampus, dorsolateral prefrontal
cortex, and'superior frontal gyrusyhat is behavioral preferences for Coke wergly partly
determined by sensory information, and activation in thexomg circuit as a result dfrand
information biaseduch preferences.

One'ofithe most well-studied types of brand associatidhg iso calledbrand
personality,” whiclposits that brands have personality characteristics, similar to humans, and
consumers are able to fomalationships with brands in an analogous manner to those formed
with peoples(Aaker, 1997; Aaker & Fournier, 1995). Neurotdie methods can be used to test
and validate behavioral measures and claims. In the case of brand perspaaitidg by Yoon,
Gutchess, Feinberg, and Polk (2006) showed that the neural systems involved in personality
judgments, of humans are not geme ad®rand personality judgments. More specifically, person
judgments.wez associated with activation in the medial prefrontal cortex regions, while
judgments'ofbrands were associated withvation in theleft inferior prefrontal cortex, which
is typically"invelved with object recognitiorSuch results illustrate how neuroscientific
techniques catluminateinvalid assumptions that can underlie behavioral consumer research,
including widely: popular ideas and constructs (Azoulay & Kapferer, 2003).

Brand recal] familiarity, and memory for a brand have implications for top-of-mind
awareness angrand perceptiong-amiliar brands, versus unfamiliar brands, are associated with

activation in the middi frontal gyrus (Schaefer, Berens, Heinze, & R&096).Familiar,
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favorable brandthat ae well established in consuneemind (so called “strong” brands) elicit
different neural responses than familiar but unfavorable or unestablished ls@odigd

“weak” brands). In comparison to weak brands, strong brands engage the dorsolaterabpref
cortex, while weak brands engage the insutaie heavily (Esclet al, 2012).Similar to brand
associationsgxpert endorsements have been shown to improve brand recalieaassociated
with activationfin:tle memory circuit (Kluchare\&Gmidts, & Fernandez, 2008). Thus,
relationships between consumers and brands can be ohseal@ated, and quantified at the
psychophysiological level.

Finally,.initial work on the neural correlates of consumer loydisvalidatedthe
importance of loyalty in the marketing environmeusing point of sale scanner data and
inviting loyalty card holders dlifferent retail stores into meuroimaging labRlassmann,
Kenning, and Ahlert (2007) showed that, when choosing between purchasing identical clothing
items at different retail storespnsumersvho are loyal to a store show more activation in the
striatum as'eempared to consumers who are less Iyai.is, neural activation patterns showed
that customer loyalty results in neural activation patterns consistent with the notion that
consumers form affective bonds with the store or bearttillustrate the importance of the

emotional component of consumer loyalty.

Consumer Preference and Choice

Whyrdesconsumers choose the products that they end up purchasing? Preference
formation@and choice have been the subjechth research, exemplified by choice theories
across fields of marketing, economics, psychology, and political science. Howeverptsha
data can anly provide a limited amount of insight into the processes undedyisgmer
preference. andichoicAs a complement, neuropsychological datavides rich insight into
consumerthought processes, and thus examining the neurobiological mechanisms underlying
preference"and choice processes are of great intenestearchers

Much of the initial psychophysiological work on consumpeaference and choides
focused at theevelopmental levdi.e., how the individual, and their brain sisaped by
sociocultural factors during childhood and adolescence). Cultural and social iefudenng
psychological development play a key role in preference formation. For example, children as

young as 3 years old can recognize and represent braogl(MgAlister & Cornwell, 2010).
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Some importandevelopmental milestonesuch as the representation and recognition of visual
stimuli, occur during critical periods of development during adolescence and early childhood
(Somerville & Casey, 2010). Criticahd sensitive periods are times during development at
which certain developmental processes, such as specific cognitive skills or abilities, take place
Previous researcthows that the formation of certain preferences occurs during critical periods
Holbrook and=Schindler (1989) provide evidence for the critical period account of preference
formationfor musical tast®y correlating musical preferences and participants age at the time
selected songs were popular, the researchers show sttidagae thatnusical preference
formation‘accurs in the early 20s. Understanding preference formation is &sbentiuse
preferences ultimately influence choice.

Choice is the primary outcome of decision theories ta@gkfore is important to
marketersMany facors influence choice, includirgnvironmental factors at the timetbe
decision suchras locatiothe of a product on the shelf in a store (Durgin, Doyle, & Egan, 2008;
Efron & Yundy1996)r the number of products being chosen from (Scheibeh&@redeneder,

& Todd, 2010), and biological factors, such as the ability to remember which product one bought
previouslyor misrememberingrucial information about product attributgkurnik, Yoon,
Park, & Schwarz, 2010).

Acommon challenge faced by modern consumers, whesentedavith choice decisions

among product alternatives,theoverwhelmingavailability of manyalternatives. Given
constraintssensmemory and attention, leading choice theoriesgtedfuht consumers first filter
the alternativesto a small seprior to making a final decisiofthe smaller set of alternatives
that remais after filtering is called the consideration 9dbdels of consumer choice that
include a consideration set stage are significantly better at predicting tieicgtandard
models using.only choice data (Shocker, Ben-Akiva, Boccara & Nedungadi, 1991). Evidence
suggests that'consideration sets are often in the cdigg® 6 items (Hauser &/ernerfelt,
1990). Cognitive resources, such as deliberation, memory, and attention, are onlg ttevote
items within the consideration sét the neural level, consideration set size seems to be related
to activity in thesstriatum, dorsal anterior citgge cortex, and insula (Kim, Shin, & Han, 2014).
Price, Product, Promotion, and Place

The marketing mix, also known as the four P’s of marketsng foundationatategorical

concept in marketing, and repressiour essential aspects of marketing campaigns. Consumer
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neuroscience has much to contribute to understanding how each aspect of the markeang mix c
be optimized at the consumer level. Modifiable aspects of the marketing mix can dramatically
influence casumer perceptionand ultimatelythe success of a marketing campaigor

example, it is new clear that modifiable marketing mix variables, such asipficence

experienced utility of products above and beyond intrinsic aspects of the produtageg.,

Pricexdifferences have been shown to markedly impact product perceptssmsinal
study demonstrating the malleability of price perceptions sholatdot only does price
influence perceived quality, but neural activation differs as a restiie@xpectancies created
by given price points. Plassmann, O'Doherty, Shiv, and Rangel (2008) conducted a study
showing that'‘cansumers wiastedthe same winen multiple occasions, but were made to
believe the samples hadferent priceqi.e., they tasted the same wine but believed it was cheap
or expensive, between tastingsdtually experiencethewine sampleslifferently; beliefs about
quality, based-on price, alteradtivation in the medial orbitofrontal cortex when tasting wine
Additionallyyexcessive prices have been shown to activate the insula and deactivate the mesial
prefrontal/cortex (Knutson et al., 2007).

Anotherpricerelated concept that evidence from consumer neuroscience has contributed
to is willingness to pay. In a studtyvestigating the neural correlateswillingness to payor the
maximum price.that an individual would be willing to pay for a given product, Plassmann,
O'Doherty, and Rangel (2007) scanned hungry participants and asked them how much they
would pay-fer-arariety of foods. Results implicated activation in the medial orbitofraotdéx
with willingnessi\to pay computation, and the dorsolateral prefrontal cortex withateci
execution. The order with which price information is presented has also been stikdesd at
neural level. Karmarkar, Shiv, and Knutson (2015) show that when pricing information is
revealed beforerconsumers see a product, there is altered activity in the mediaighredreex,
and subsequently, consumers value the product differ&elyral activation results like these
are beginningto shed light on how our hraomputesnd represents value in everyday choices.

Intangible features of a product, such as product desaye, implications for the success
of the product(Bloch, 1995). Evidence from fMifekearctshows that visual product
attractiveness is associated with activation in the ventral striatum, which houses the nucleus
accumbens (Erkt al, 2002). Such findings could be used to optimize intangible product

gualities. In addition to product attractiveness, overall individual producrprefe is correlated
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with activation in the nucleus acobens (Knutsoet al.,2007). Thuspneural measures can
detectbiological responses to intangible product preferenwbich cannot be observedsily or
accurately using traditional marketing measures
Research on promotion within consumer neuroscience has likely receivedghe
amount ofattention, but is beginning to develop and gain import@meearea that has been
studied isitheseffect ofetebrityand/or expert endorsements on promotional mat&iallen et
al. (2010)suggest that celebrity endorsement pairingsfégetive because they increase
positive affect.an@gpontaneously elicthe retrieval of explicit memories related to the celeprity
indicated by inereased activation in the medial orbitofrontal cortexwissving celebrity
endorsersyersus viewing eqlly attractive norfamous endorsers. Similarly, promotion using
“expert power, or the persuasive effect of communicators with expertise, has been shown to
have extensive/memory and attitudinal effects on the product. Klucharev, SmitlEsraandez
(2008) showsthat expert content is associated withlédéiralized prefrontal and temporal brain
activity, related-to semantic elaboration, hippocampus and parahippocampal gyitys acti
related to/memory formation, and caudate nucleus activity, related to twestdy@nd learning.
Despite the current lack of neurophysiological research on promotion, one of the most
promising areas of consumer neuroscience, neuroforecasting, is beginning tocgjaim tra
Neuoforecastingises insights from the neural activity of a small group of subjects (~30),
scanned using fMRLp predict @neralizable, aggregate, marketel choice forecastitial
forecastingsstudies have illustrated the feasibility of neuroforecasting. In these studies, neural
responses to early market conditions are used to create a predictive model of mature market
outcomes, and thiseuralmodel is then tested agatrseltreport models by usingatworld
market data once the market has matured (i.e., after a sufficient passage éfdimeample,
Falk, Berkman,/and Lieberman (2012) used medial prefrontal cortex activity todoreca
advertiserant'call volume, and Berns and Moore (2012) used nucleus accumbens activation to
forecast aggregate song downloads. Additionally, Genevsky, Yoon, and Knutson (2017) were
able touse'neural data foredict both individual- and markégvel choicedor crowdfunding
(i.e. raising funds for a project, cause, or product through small contributions from a large
number of people). The authors found theivity in the nucleus accumbens and medial
prefrontal cortex was predictive of individual level choices, whereas only gétivite nucleus

accumbens was predictive of marketel internet funding several weeks later. Importantly, in
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the crowdfunding domain, behavioral measures were not predictive of ner&etutcomes,
illustrating the unique value of neural data on forecasting.

The placement of products, whether it be on a shelf or online, is another elenhent of t
marketingimix that influences the success of marketing efforts. The locapoodafcts in
displaysmatters— some locations can attract more attentttan othergPieters & Warlop,

1999). Eyetracking studies have shown that automatic visual attentional biases exist. For
example, among products on a shelf, there is a visual attentional bias towards thesugper
field (Durgin, Doyle, & Egan, 2008) and right visual field (Efron & Yund, 1996). That is,
products place.on the upper shehaesl to the right, within a given category, received longer eye
fixations (i-e,/were paid more attention to and subsequently chosen more frequently). In online
settings, there is a strorgsual bias towards information presented in the center of the computer
screen (atler, 2007). Among similar items presented in an online setting, products plaked in t
center of thessereen, versus products placed elsevanereearly 60% more likely to be selected
(Reutskaja;sNagel, Camerer, & Rangel, 2011).

Neur oscientific M ethods and Tools

Neuroscientists use a broad array of methodsudy the brain, behavior, and their
intersectionimportantly, these methods differ in the spatiotemporal resolution at which they
measure brain.activity, invasiveness, and type of brain actinatythey measure (e,g.
correlational versus causational observations). In human studies, the most cpnmsednl|
methods forrecording brain activity are electroencephalography (EEG) and fuhetamgreetic
resonance imaging (fMRI).hese techniques apepular because they can be administered to
healthy adult populations and are namasive. Whereas EEG hedatively high temporal
resolutionand is low cost, making it popular among neuromarkegespdtial resolution is
relatively low (on theorderof centimeters)and depth of processing shallow, making
differentiation"etween certain neural regions and pathways diffccakcertain (see Refai &
Bagozzi, 2018; for a review of the use of EEG in marketing). Conversely, fMRI is used among
consumerngroscientists and cliniciarier scientific research and patient diagnosis,
respectively, due to its higher spatial resolution (on the order of millimetetdsjomprehensive
depth of processing. Although fMRI has much higher cists EEGin terms of scanner
maintenancegperations, and participant incentives, and lower temporal resolution (on the order

of seconds), the spatial resolution allows one to discern between cognitive pathways.
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Other neuroscientific techniques usedtiady the brain and behavior include:
magnetoencephalography (MEG), positron emission tomography (PET), single andeurdti-
recording lesion studiegtranscranial direct current stimulation (tDCS), and transcranial
magnetic stimulation (TMSYf these PET, siigle and multineuron recording, and lesion
studiesarea@ll'invasivewnhich limits their usefulness to applied behavioral researcéiecse
their application-on humansdfficult and potentially unethical.Hese techniques aoften
restrictedto northuman animal research. However, tDCS and TMS aréemasive and could
prove highly useful to marketers in the future as they may serve as a means to establish the
causality of previous correlational findings (i.e., corroborate finding from EEMRY) and/or
establish effect size¥able 1provides an overview of neuroscientific methods, as well as their
strengths and weaknesses for marketers.

Future Directionsfor Neurosciencein Marketing

As thebiological influences of consumer behavior become better understood and
accepted,there:is a necessity for integrative approaches across neuroscience and marketing.
Additionally, technologies available for namvasively measuring biological featurae
becomindess expensivand more readily available, opening many neurophysiological avenues
to marketers+efuture researchn thesucceedingections, we discuswe key topics that we
believe@re essential for the futureneluroscience in marketing)) a need for fundamental
integrative approaches heuroscience and suggestions for critical areas of conside@jtitve,
examinationsef:genetic influences on consumer beha®jancorporatingnaturalisticlike social
consumption contexigto consumer neuroscience research des@ytonsciousnessnd 5)
addressing the current limitations/ common caveats of the field.

Need for Fundamental Integrative Approaches to Neuroscience

Much neuroscience research to date in markeéind consumer behavidras been
fragmentedy examining narrow psychological processes (e.g., attention, memory, or emotional
reactions)Aneed exists for studying basic, integrative psychological prottestseddress
fundamental aspects of decision making and involve multiple brain regions lista lveay.
Threebasic integrative processes deserve greater scrutiny: theory of mindhimpiaror
neurons)andbehavior combiningheory of mind and empathy.

Theory of mind. Theory of mind concerns mentalizing in communication contexts and

refers b how people infer the beliefs, thoughts, feelings, desires, traits, and decisions and
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intentions of other people (e.g., Frith & Frith, 2008). Research in autism and other
neurodevelopmental disorddrasimplicatedthe medial prefrontal cortex, temporall@s,
temporal parietal junction, and precuneus regions of the brain in theory oprocekses,
among other regions (e.g., Frith & Frith, 2006; Lieberman, 2@Es3entiapsychological
processesvolved in theory of mind include taking the perspective of others, inferring what
others arerthinking, attributing causes or reasons for one’s own behavior or the bahavior
others, and aspects of moral decision making.

One. way that theory of mind has been studied in marketing is by manipulating the
perceptiorof interpersonal relations between people while in the fNMRd, comparing ta
control group in\whictstimuli had no interpersonal contetd,see if the brain regions associated
with theory of mindare activatedThe intensity otheory of mind neuractivationhas been
shown to relate'to sefeports of theory of mind, thereby relating objective, third-person
evidence to-firsperson experiences tifeory of mindprocesses (Dietvorst al, 2009).
AdditionallyyDietvorst et al(2009) illustrateshow fMRI can be used in scat®nstruction and
validation/ Theory of mind processes undergird many phenomena in marketing. Peoplegwatchi
interpersonal dialogue in advertisements, fletce exchanges by consumers and salespeople,
everyday deeision making by individuals taking into account the needs and expectations of
others, @nd.group decision making in family buying or organizational buying centers all involve
strong, pervasiveheory of mindorocesses. To the extent that marketers wish to understdnd an
influence buying behavior, study of theory of mind processes can provide basic insights into
decision making, preference formation, choice, and patterns of behavior.

Empathy (mirror neurons). Empathy is not an emotion, but rather a compound
psychologicatrait or state compsedof empathetic concern (an affective reaction), taking the
perspective of others (a largely cognittheory of mindprocess), and setfther differentiation
(a processrelated to idégtand psychological distressge Decety & .amm, 2006 Wallter,

2012). Empathy is a fundamental human mental process that is embedded in many levels of
consumgption. As such, neuroscience methods and tools are valuable for studying empathy.
Empathy occurs when consumers engage in purchases of gifts, when they interact with other
consumers in joint decision making, when they engage in transactions with salespersons, when
they learn abouhe abuse of animalthe plight of people in povertpr experienceatural

disasters through advertising appeals, and many other everyday situations.dadged,
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economic thought by David Hume and Adam Smith stressed the role of empathy in business
(they used the word, sympathy, because empathy had not yet entered the English lexicon).

Empathy is a foundation ofiany marketing concept@nd informs strategic management
decisionssBeyond a phenomenon for study in its own right, in consumption and marketing
empathy has'been showndioectly regulate the influence of perceptions of corporate
(inresponsibilityon emotbnal reactions toward companies and indireatlysupport for
companies (e.g., Xie, Bagozzi, & Grgnhaug, 2015). Furthermore, utilizing perspectives and tools
from neuroscience can deepen our understanding of how empathy functeonsaas effect,
mediator, ‘and._moderator in everyday consumption and managerial decisions. Tha@amoti
resonance aspects of empathy, sudhesereflected in feelings of compassion for the suffering
of others and empathetic concern and kindness towards others, has beea bsuadsociated
with regions of the brain identified as the mirror neuron system (e.g., Gallese, 2@@®inia
2009). Amoengrother regions, the insula, inferior frontal gyrus (pars opercularis) rég¢mpo
parietal junetion, superior temporal sulcus, and amygdala have been implicatiesbrmeuron
activation (Dapretteet al, 2006; Decety & Lamm, 2006an der Gaag, Minderaa, & Keysers,
2007).

Mirrorsneuron system activain has been studied, usiiRI, by exposing people to
video clips.of positive and negative facial emotiomish neutral faces and moving geometric
objects as controls. In one study, seeingafaexpressios of emotions was found to produce
activation:ofsueh mirror neuron components as the supplemental motor area, pre- and post-
central gyrus, and pars opercularis, as well as inferior and superior parietal lubules (Bagozzi
al.,, 2012). Importantly, intensity of activation of each of these regions was positivedjatedr
in salespeople with customer orientation and uredtated with sales orientation (bdttst-
person self-reporisee discussion of consciousness below). Customer orientatl@strategic
or policy inclination to identify customer needs and adjust one’s product or samdiselang
appeals to'meet those needs. It is thus rooted in em@tlrpntrast, a sales orientation is a
one-sidedor selfish policy to try to convince customers to buy one’s prodsgedntive of
customer needs (i,eeven if the customer might not need the product). A customer orientation is
basedmoreon mutuality, and engenders cooperation and trust to work together to satisfy joint
needs, whereas a sales orientation is based mostly anteedfst of the seller, and often uses

deception and manipulation to achieve seller ends at the expense of customers.
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I ntegrating theory of mind and empathy in consumer behavior. Many actions by
consumers and managers involve a number of mental processes organized in complex ways. As
an example, one study investigatedboundary conditions afales account managers’ self
interess innbusiness relationghs by studying the role of Machiavellianism in decision making
(Bagozzietal,"2013). Machiavellianism is a kind of social conduaaivhicha person
manipulates-others for sejfin, and is conceptually similar to psychopathy and sociopathy. By
studying managers in terms of theorynahd (i.e., taking the persgtive of others) and empathy
(i.e., resonating with the feelings of others with whom one interacts) it is possi#e how
neural processasderpin Machiavellian behavior.

Previgus self-report research on the relationship between theory of mind and
Machiavellianism has beendanclusive, with studies showing both null and positive
relationships (e.g., Paal & Bereczkei, 2007; Repacholi & Slaughter, 2009;#fet & Kerig,
2013). Neural-evidencdowevercan be used to helesolve previous inconsistenciaghe
literature andillustrate how theory of mind and empathetic processes differentially influence
Machiavellianism. Bagozat al.(2013) show that individuals who display moversus less,
Machiavellianism have lesgctivationin the temporgarietal junctions, medial prefrontal cext
and precuneus. These atassic areas of the braioinciding withautismandrelated to lower
theory ef mindcapabilities. Hencan comparison to noMachiavellians Machiavelliangan be
thought to be hindered in their abilities to infer the thoughts, beliefs, feelings, and other
psychologicalstates and traits of persons with whom they interact and obserher lwards,
the basis for taking the pergpi@e of others is weakened in Machiavellians compared te non
Machiavellians.

Additionally, Bagozziet al.(2013) show that individuals who display more
Machiavellianism display greater activation in the insurldpars opercularis. Interestingly,
theseareas of'the braiarepart of the mirror neuron system. Thus, when compared to non-
Machiavellians, Machiavellians reveal greater emotional resor{aaceexperience of others
emotional'statedp other persons with whom they might interact and obsasiéystrated by
greater activation of mirror neuron systemshould be noted that this result is likely to apply to
automatic emotional reactions and not necessarily conscious empathetic respcnsdson of
the precunes was alsmegativelyrelated to Machiavellianism. These neural associatianiser

support the distinct and diverging resuttgardingMachiavellianism providing novel insight
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into the cognitive processes underlying Machiavelliangositive assdations with emotional
reonance andegative associatignwith cognitivetheory of mindorocessef?revious
psychological research based on-sefforts of perspectivekimg and empathetic concern have
consistently maintained that both processes gohieg@t characterizinylachiavelliangi.e., in
cases in whiclassociations between Machiavellianism, theory of mind, and empathy are
observedstherrelationship has been positide)vever, using neuroscientific methods, the
research described hesieows that theetwo defining quaties, theory of mind and empathgan

in fact berelated in oppositevaysin Machiavellians Thus, these findings provide an example of
how integrative neural results go some distance in resolving controversies and ienoesisn
the psychglogical andrganization behavior literature (see Bagetzl, 2013).

Theory of mindand empathy are two comprehensive, fundamental mental processes.
Although complex and difficult to investigate, these processes can be usefdigdsising
neuroscientifidechniques. In such complex, yet fascinating areas as theory of mind and
empathy, opportunity exists for gaining deeper knowledge about consumer behavior and decision
making through, usef integrative hypotheses and neuroscientific techniques. Such project
cannot be easily or effectively approached by traditional experimental and sutheygsme
relying on selfreported responsealone.

Geneticinfluences on Neural Activity and Behavior

The human genome project, which sequenced the entire human gerasoempleted
in 2001 andseost ~2.7 billion US dollars (International Human Genome Sequencing Consortium,
2001; Venteet al, 2001). Between the years of 2008 and 2017, the rate of decreaseah cost
genetic sequencing, per megabase of deoxyribonuclei¢2ididl), has far surpassed Moore’s
Law, whichdescribes the doubling rate of computer power and acts as a benchmark for
technological success. ANA sequencing costs become ex@re affordable angenetic data
becomes moreraccessibtearketingresearchrs andpractitionerswill have theability to
understandpotential genetic influences on consumer behavior. To date, theretis afdea
researchdinking genes and behavior, particularly in the applied behavior sci@hspscific
interest to consumer neoscientistss variation in genes coding for neurochemicals. That is,
becausehere is a pool ofesearch exploring the neural pathways that influence behavioral
marketing outcomes, it can be reasoned that variation in gelaésd tathe synthesis,

activation, transmission, or transportation molecules within a given neural patihweald too
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influence behavior. Of thiemited researclusing genetic techniques to study behaviarst are
candidate gene studies, investigating the role of a small subset of genes (tyg2fatjgries). In
the sectios that follow, we outline two mainstream techniques for studying the link between
genes and behavior, and review research relevanngumer psychology within each
methodology.

Thecandidate gene approach. In social sciencethe candidate gene approach to genetic
assocation, employs specific hypotheses about the biological function of a gemenll
subset of genes, aitd variants subsequent effects on a given behavioral phenotype. For
example, a,number of studies have investigated how variation in exon Ill of the dojEainine
receptor PRD4) gene affects complex behaviors, including prosocial behavior (Satsalki
2011), cultural value orientation (Kitayaratal, 2014), and posgame testosterone level
following team-basd games (Verbeke, Belschak, Bagozzi, & De Ri@#.5). Thiggene
DRD4, hagravariable number tandem repeat in it, meaning that a small nucleotide sequence
repeats awvariable numbeafrtimes across and within individuals (since individuals have two
copies ofDRD4, one from each parent) and provides a good example of how candidate gene
studies are typically conducted. The variant®BD4 are caggorized by the number of repeats
they haveln'seme candidate gene studies investigating the effe€iRD# variation, the 2-
repeat (2Rand.7repeat (7R) variants alemped together and compared to all other variants.
This way, 2R/7R carriers cdie comparedasa measurethdependent variable with two levels
(2R/7R carrierssversus all other varignts. 2R/7R noncarrieys

Simplicity, cost, andheoretical foundation are the most importativantagesf
candidate gene studies. The main disadvantage of czentydate gene studiesnducted to date
is their lack of statistical poweGiven that behavioral phenotypes are distal outcome variables,
relative torgenetic processes, their direct effect on behavior (regardless of genetic variasit type) i
usuallyvery'small. Candidate gene studies typically use sample sizes under 1000 (sometimes
100 or lesg"Recent statistical evidence suggdisés these sample sizes &we small to
adequatelypower genetic association studies and many candidate gene babasow failed
to replicatearelikely false positivesand have been tiseibect of publication bias (Beauchamp
et al, 2011; Chabri®t al, 2012).Importantly,since many candidate gene studies have failed to
replicate candidate genstudies have beconiecreasinglydifficult to publish and journals have

been prompted to release editorial policies detailingtguidelines regulatinthe publicationof
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genetic association studieseeHewitt, 2011 and Littleet al, 2012 for examples of such
policies).

To illustratethe difficulty of conducting replications and interpreting findings in
candidatergenesstudies, consider the following. Two dopamine receptor QBB&sand the
aforementioned DRD4, have been studied in marketing asiagdidate genapproach and
attempted-conceptual replication of previous findings. In one study, with a sample of 65
salespersons, carriers of the genetic variant obRD4 had higher customer orientation than
those withthe 7R variant, but no differences in customer orientation were found for carriers of
DRD2 A2/A2 versus A1/A2, and Al/A(Bagozzi et al.2012). Another study looking at main
effects of yariants dDRD2 andDRD4 for a sample of 144 salesperséound opposite results:
carriers ofcertainDRD2 variantshad significant indirect effects on new product selling through
performance of'the task of knowledge brokering, whereas casfieestainDRD4 variants,
which hadspreviously been associated with customer orientation, did not (van dest Blerg
2014).

Based on the supposition that candidate genes by themselves might not produce
consistent effects, third study proposed and found that, a sample of 65 salespersob&D4
carriers 7RVversus 7Rinteracted with the phenotype of psychpal avoidant attachment style,
andDRDZ2 carriers of A2/A2, versus A1/A2 and AY, interacted with avoidant attachment
style topositively influencecustomer orientatiarit is probably unreasonable to expect that
candidategenes:will haveonsistentnain effectsfor complex behavioral phenotypes. Rather,
their effectsif any, may depend on environmental or psychological conditions, comprising
complex gene-bgnvironment interactiongn the case ofjeneby-environmentnteractions, the
necessary.sample sizes for adequate statistical power are unclear, gispadified hypotheses
and (typically).dramatically lower phenotypic measurement error than genaleepproaches.

Genomewide association studies. On the other end of tlgeenetic association
methodolagical continuum are genome association studid&WAS). Such studiease
genome-wide genetic variation data, conservative control variaoldsnultiple testing
correction to elucidate genetic associations with behaoftan in an a-theoretl mannerAs
the cost of genetic sequencing has decreased exponentially Gava®ecomecreasingly
popular and mainstrearin GWAS, nillions of single nucleotide polymorphisms (SNPs),

representing variatiom genedrom across the entire genome, sn@ependently regressed on
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the behavioral phenotyé interesttypically using a minor allele dosage model (i.e., testing
whetherthere is a linear pattenf associatiometween the number of alleles of the less common
variant and the dependent var@blStandardantrol variablessuch as age, sex, the interaction
of age and sex,sand population stratificatprinciple components creatbey conducting a
genome-wide principal components analygsis also included in the regressigBenjaminet al,
2012; Priceet-al;»2006).

The primaryadvantage of GWAS is that, if conducted properly, the results are highly
robust and replicable. Additionally, SiInGAVAS is a topdown process, itan result in genetic
associatioathatwere not anticipatednd may lead to fruitfuuture research avenugésg.,
when unexpected SNPs turn out to be significant, the biological function of thesenajRst
yet be known, resulting in motivation for more basic fields to study these gemeso&tcular
level). The larggsdrawback oflGWAS studies howeverjs their costsince ten®r hundreds of
thousandssofindividuals are needed for adeggtatesticalpower, and SNP chips (which
measure SNP«variation) still cost several hundreds of dollars to purchase and haveesequen
Thus,at presentGWAS studies can only be conducted with large national or multinational
research grants, which are typically awarded to research consortiums across multiple institutions
(current GWAS studies frequently have over 50 authors on &ptibh)and their feasibility for
consumer.neuroscientists, and marketing academics in general, is.lédtbtonally, GWAS
studies to date have been limited in the quality of phenotypes that can be used ¢oitetsth
processeslable: 2 providesa summary of the advantages and disadvantages of candidate gene
and GWAS approaches to genetic association studies.

Gene-by-environment interactions. A gene-by-environment interaction ¢GE) occurs
when two'or more genotypes (at a given locus) respond differently to two or more different
environmentsA/G x Einteraction is a “situation in which genetic effects connected to a
phenotype aretdependent upon variability in the environment, or when genes modify an
organism’s'sensitivity to environmenfahtures” (Seabrook & Avison020, p. 1277). Note that
the meaning of “environment” can encompass a situational manipulation or a phenoktypse suc
a psychologicahtrait or stat€hat is, the oberved phenotype when an individual has genotype A
only differs from the observed phenotype of an individual who has genotype B if the phenotypes

are expressed in a given environment.
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Geneby-environment studies typically use the candidate gene methodology, but, given
anemphasis on the interaction as the primary contributeauirea richerfoundation insocial
theory(than main effect genetic association studieg)rive the emironmental component
Giventhe lack of feasibility of GWAS studies in marketiaigpresentG x Estudies could
provide early promise for marketers interested in the gemdiences of consumer behavior.
Such potentiagxistsbecausenarketeraitilizing neurophysiological measura® wellversed in
consumer.behavior and economic theory, which can providécthéheoretical foundation
necessaryor G x Estudies Geneby-gene interactions can also be determinative of behavior
(e.g., Verbeket al, 2016).

The first high profileG x E publication was that d€aspiet al.(20032, in which variants
of the serotonin-transporter-linked polymorphic regiotd{BFLPR; gene)wereshown to
interact with life stress (environment) to influence depression. Despit@eersy over the
validity and-replicability ofindings inCaspiet al.(e.g.,Risch et al.2009), this work spawned a
great dealofs=x: Eresearch in adjacent fields, including marketigy. exampleBagozzi and
Verbeke 2018) conducted a study on how salesperdoedonic systems (i.ehe neural reward
circuit founded in wanting and likingnediatethe relationship between genotype and essential
work-relatedtasks. Crucially, the study usadway interaction between each of thosadidate
genesPRD4, catecholO-methyltransferaseJOMT), and the oxytocin receptgene OXTR),
adultpsychological attachment styles/pidant, anxious, or secure; Harms, 2011), and job stress.
Results of-thissstudy indicated tlahong salespersons with an avoidant attachstgle, DRD4
7R carriersare highly motivated in situations of high role conflict. In contrast, among
salespersons with a secure attachmigtheé COMT Met/Met variant carrierare more motivated
than othelCOMT variants in situations when there is low role conflict. Finally, BEagand
Verbeke (2018provide evidence th&XTR had a main effect on job satisfaction; whereas an
anxious attachment style and/or higher role conflextreases job satisfaction, carrying certain
variants ofOXTR predisposes salespersons to greater job satisfaction.

Given the history of false positives in candidate gene approaches, it is absokdaljaés
that hypotheses 6 x Estudies be prspecified, and all results, includimgn-significant
findings, be discloseslo that metanalyses can later be conductadditionally, replication
studiesmustbe conducted, arall studies should be conducted accordintheostrictguidelines
in Hewitt (2011) and Littleet al.(2012). The aveats ofc x Estudiesare similar to those of
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candidate gene studies (Ordovas & Tai, 20BB%t, G x Estudies suffer from low power and
publication bias. Secondygt like genetic factors, environmental factors aréirear with other
environmental factorso establishing causation is difficult and even significant results should be
analyzed with caution. Third, although genotyping provides preassunemenimeasurement

of complex’behaviors and behavioral phenotypes has signifieagurement error (an issue that

is pervasiverthroughout behavioral research but does not receive enough attention).

Social Contexts and Neuroscience

Many consumer decisions are made within a social corféegt, purchases made with
others; buying.in intection with salespeopledr with a social context looming (e.gurchases
that are made online but the product is consumed in public). Social settings havcdrama
implicationsfor choice and behavior. Yet, much laboratory research is conducted in isolation
from social context. For this reasdétgzharliey Verbeke, and Bagozzi (2017) argue for the
importancerofithe inclusion of social contextsindies usingieurophysiological measure3ft
particular relevance to understanding how social situations influence qotisoiigind other
marketing relevant research areas is how the individual perceives others’ shalnghit the
situation and usthis information to influence their own thghts. Researcim neuroscience on
theory of mind,.empathynd other processésutlined previously)can be used to lay the
foundation.for.appreciating social consumption contexts in marketing. Pozharliev, \Verbeke
Strien, and BagozZR015) found, foexample, that greater attention was allocated to viewing
luxury brands=and greater motivational/emotional reactions occurred for peophdrupsech
brand when in‘the presence of another person versus dlbese attentional and emotional
differencegn social situationsan largely be explained by sociactilitation theory whichis one
of the viewsthatneuroscience studies in consumer reseeocifd utilize to study social
processegatherthadimiting researchio observing individuals irsolation.

As'an“example of how consumer neuroscientists can leverage novel techniques while also
incorporating'social contexBagozzi et al(2018a) found that both empathetic concern and
perspective taking were influenced by the interaction betweetteinizl human todcand the
COMT gene. That is, & x Einteraction occurred such that empathy increased when subjects
were touched briefly on the shouldarhighly social contex@ind possessed the Met/Met variant

of COMT, versis not being touched and hag Met/Val or Val/\Val variants. Empathy then lead
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to trust as a psychological state, and trust, in turn, influenced actual behdt®economic
centipede game.

Another study illustrating how social context can be incorporated into neurophysablogi
research_in marketing investigatemimpetition and agperation in the centipede ganBagozzi
et al.(2018b) found that oxytocin interacted with psychological attachment sbyileftuence
empathetic'eoncerrn this gene by phenotype interaction, a pos#issociatiorwas found
between axytocin and the anxious attachment style to influence empathetic cencerhat
subjects with the GG variant of a SNP within thgtocingene but not AG and AA variants,
had greater. epathetic concern, the greater the anxious attachment style. Likewise, a positive
interactiom occurred between oxytocin and the avoidance attachment style, ssobjdws
with the GG variant within thexytocingene, but not AG and AA variants, had geea
empathetic concern, the greater the avoid#tathment style. Finallgecure attachment style
had a main-effect on empathetic concern, while oxytgeme varianheither interacted with
secure attachment nor had a main effect. Hoeementioned oxytocin by anxious and oxytocin
by avoidaninteraction effects had significant conditional indirect effects on actual game
behavior through empathetic concern and trust, whereas secure attachment affected actual
behavior threugh the serial mediation of extiyetic concern and trust.

Emerging research, such as ttatailed investigatinthe effects oheuromolecule-
relatedgendic variantsand hormonal processes, shdwsv social contexts can be integrated
into consumer=neuroscience. Methods and tools from consumer neuroscience, in conjunction
with environmersl factors and psychological variablesll be critical in providinginsight into
contingencies that undergird the facilitating and inhibiting forces in social lmehavi
Consciousness

Many. neuroscience studies in consumer behavior and marketing, and the wider
neurosciencevliterature, begin with a manipulation of conditions designed to imdunges in
mental states'or events, and then measure activation of relevant brain regiorisrogthocs as
fMRI as.the primary dependent variables of interest. Such an approach imphcitbet on
psychological'processes as thperson phenomena, which is consistent with the prevailing point
of view of reductionism held by most neuroscientists asdarchers in basic and applied
disciplines using neuroscience methods. Typically, a variant of functionalism undarpins

approaches (Bagozzi & Lee, 2018).
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Such reductionistpproaches addregat can be termed as fghsychology processes,
which are egarded aBnmature vestiges of evolving disciplines, and proceed from the
assumption that physical proses will eventually replace folisychology. By contrast, some
researchers presume that fipgirson processes (singular and plural) and sepergbn
processesqareithose that allow people to achieve meaning in their lives and funcdiidie ieré
level of discoursesthan presumed by third-person perspectives. In contrast tarestucti
approaches, firsind secongberson processesinnot be reduced simplephysical/chemical
processes betweerurons. Hard core reductionists, of whilbh vast majority of researchens
neuroscience_ can be classified (if not explicitly, then at least by the impiicitgdoview taken
in theirresearch follow ametaphysical orientationvhich can be termed reductive
functionalism, or evenlieinativism. Converselyresearchers retaining a role for subjective
interpretation in their research participafatfow emergentism, non-reductive functionalism,
classic dualismy or naturalistic dualism (see Bagozzi & Lee, 2018, for a review and analyses of
the differentspoints of view). A rapidly developingpre-or-less intermediary positionlaims
that subjective experiences are produced by physical processes in t{ededagozzi & Lee,
2018, for a discussion and illustration of the latteéor. example, subjective pleasure has been
argued to besproduced by unconscious neuroprocesses in the wanting and liking systems.

SomeresearcherBaveadvocated thah order to represent firsand second-person
processes within a neuroscience context, explicit subjective reportsrpretaéions must be
included inrany=neuroscience study (Bagozzi & Lee, 2(H&)example, theory of mind,
empathy, and Machiavellianism neural substrates have been successfully related to psychological
scales shown to validly capture theory of mind, empathetic, and Machiavellianism processes,
respectively Bagozzi et al., 2012; Bagozzi et al., 20D8etvorst et al.2009). Such appazhes
represent/multilevel investigatiomswhich different levels of analysi®(g.,activation of
regions of'the"lrairand seHreport measuregprrespond to manipulations stroto reflect
underlying'theorizing and have bemtated formally througharrelation or regression analyses.
Alternativeapproaches to multilevel investigations of consciousness can be donearsiagts
suchas supervenience and emergence. Bagozzi and Lee @&0u8:; 8) develop the arguments
supporting such perspectivesvasl asoutline a general philosophy of mind framework applied
to folk psychology explanations of action, grounded in neuroscience and subjective

measurements.
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Researchers using neuroscience methods and tools must come to grips with the
gualitative or sujective experiences of the phenomemmaer studyf they are to account for
human experience and the meaning it hashi®people having such experiences. The fullest
explanations oficonsumer and managerial behavior, it may be claimed, will requiesviveks
integratingrneuroscience measurements with subjective interpretatiensost fruitful and
insightful conelusions will likely be drawn when methods are combined, such that the
shortcomings of one methodology are offset by the strengths of ano#rdwafvaman et al.
2015).

Common Caveats of Consumer Neuroscience

Given'the novelty of research and practioenbiningneuroscience ahmarketing
several key caveats are worthy of discusdtanst, there is currently an fMRI-biased
methodological' dogma throughout consumer neuroscience studies. Secontasedri:dy
designs failterappreciaton-stimulus based neural responses. Third, the issue of reverse
inference should be carefully considered. Finabnsumer neuroscience suffers from
perceptios oflow reliability and genalizability of its studies.

Event- or stimulusased desigrare traditional controlled experimental desigm which
participants‘are exposed to a stimyksd brain activity is measured in respotts®r
concurrently, with that stimulus and a behavioral response. Such designs are popular becaus
they follow the logicalémporal sequence with which lay beliefs hitidt mental processes
occur(i.e.,-ansevent occurs, and the participant responds to that event, indigtlokewise,
most philasophy of science perspectives on causality follow such an interpretajipb¢ave,
2008; Schaffer, 2016; Woodward, 2016). However, such designs have been criticized for
characterizing the brain as a reactive system. Thatest-based designs imposd¢emporal
order on how.thérain processes informatiowhich some evidence suggestsiot alwayshe
case Namely;resting state brain activity appears to be more meaningful than once thought, and
intrinsic/endoegenous or default mode brain activity plays a role in stinbalsesd responses.
Resting.brain activity has been shown to utilize the same amount of bodily energyuaissstim
based responseR4dichle & Mintun, 2008 which implies that ghulus+esponse brain activity is
a redistribution of energsatherthan a heightening of energy uper; se (as evenbased designs
often imply). Additionally, prestimulusendogenous brain activigppears to influence attention,

perception, memory, andtimately decision making, which in turn interacts with stimuli to
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create significant variability in the responses of exsaged design8¢aeutigam, Lee, & Senior,
2017; Huanget al, 2017). For this reason, consumer neuroscience could benefit from the
incorporation and appreciation of pre-stimulus endogenous brain activity and adéaseeron
eventbased designs.

As detailed in the Neuroscience Methods and Tools sectionT@sid ), neuroscientists
have a widewariety of methodological approadtdseir disposaib study the brain and
behavior. Thus far in marketing, however, fMRI studies have dominated published works.
Although fMRLhas beerthe stable workhorse of research in consumer neurosciéece i$
currentlyperhaps too much reliance on fMRI within the field; many designs and concepts in
consumerresearch do not necessitate fMRI, and fMRI is not witsarawbackswhich
primarily includemultiple comparisons (Vul, Harris, Winkleman, & R&s, 2009) and
systematic software issues (Eklund, Nichols, & Knutsson, 20A&ny othemeuroscientific
techniquesreavailable to researchers in marketangd should be utilized for their unique
advantagestbased on the nature of the research quastidor the goal of establishing
convergent and discriminant validity of concepts and processes across diffetieodsn

Reverse inference &logical fallacy that ibelieved to beverpresent throughout
neuroscienceyand subsequently across apipdiield such as consumer neuroscieaond
neuromarketingPoldrack (2006) goes as far as to call the issue of reverse inference in
neuroscience an “epidemic of reasoning”. A reverse inference occurs when one reasons
backwardsfrem observed brain activity to cognitive process (Poldrack, 2006). Thagms, w
conducting a study aimeatinvestigating a given cognitive process, brain area X is observed to
be active. In‘another study aimed at investigating a different cognitive process, brain area X is
alsoobserved to be activduring a different task. Reverse inference occurs wiefirst study
concludes'that the cognitive process from the second study is occurring, because theasa
area, X was'observed to be active, even though the second eegmiticess was not initially
hypothesized"or intended to be part of the experimental design of the first study. Suclmgeasoni
is problematic because one is inferring that a cognitive process is occurring, even though it was
not directly observe@Lee, Brandes, Chamberlain, & Senior, 2017).

Finally, a classic lay critique of neuroscientific findings is that theyareliable, do not
generalize, or have a high likelihood of false positives due to the fact that they use smaller

sample sizes than typicatlavioral studiesThese claimshowever, are largely uninformed and
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can be dispelled. First, neuroimaging studrestgpically withinsubject, ssample sizes within
a given treatment cell, usually 3@ participants, are comparalebehaviorbstudieswith
between subjeatesigns. Second) terms of generalizability, neuroimaging studies typically
have the same monrepresentation problems that other studies within marketing hdves avhic
reliance op'Véstern, educated, industrialized, rich, and deatamcsamples (i.esamples largely
collected using undergraduate student participants; Henrich, Heine, & Norenzayan, 2010).
However,.as mentioned previousindcontrary to critical lay beliefs, evidence from
neuroforecasting research suggests that neural data may actually be more generalizable to the
populationithan behavioral data alone. Lastly, the threat of false positives inonentifis
research is valid, howevesuch is the case for research from across all of the behavioral
sciences. Sucissues of replicability are not unigue to neuroscience, and present a significant
challenge to scientific progress as a whole. To combat opportunistic findings, we, as scientists
must upholdsstandards of quality and integrity in research; replicatioestnd metanalysis
should be=valued highly for their contributions towards scientific progress.

Summary and Conclusions

In this paper, we have presented a selective overview of neuroscience and madrketing.
doing so, wesreviewed foundational research from neuroscience on which consumel researc
builds anddiscussee@xemplary contributions from consumer neuroscience. Next, the
neuroscientific tools available to marketers waniefly discussed, and several avenuedtidure
research wereensidered, including the need for integrative approaches dhsusges in
consumerpsychologgenetic association studjesd common limitations of using
neuroscientific methods.

With a critical mass of researchers conducting work at top academic institautidbns
publishingiin top-tier marketing and nomarketing journals, the field of consumer neuroscience
is poised toreontinue to develop, expand, and add value to the field of marketing as a whole.
Neuroscientific findings provide unique information about the constimecannototherwise
be observed usingadtional behavioral appechesThe use of neuroscientific theory and
methods, and*more broadly, psychophysiological approaches, has added, and will continue to
add, considerable unique value to the ffldnarketing.Ultimately, neuropsychological findings
are essential to scientiffursuits attempting to unravel the foundational processes underlying

consumer behavior, artdthe progression of scientific knowledge in marketing.
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Table 1. Overview of neuroscientific methods and tools.

Electroencephal ogr aphy

Functional Magnetic

M ethod .
(EEG) Resonance Imaging (fMRI)
CICLUTUUTS Arc pravtur uic .
. o large magnetic bore and
scalp and electrical activity in .
o o . inferred changes in neural
Description the brain is recorded in o . .
o activity during tasks is
response to specific stimuli .
. . measured byecording blood
(i.e., eventrelated potential ~
Invasive No No
Electrical activity/ aggregate Blood oxygenlevel dependent
M easur ement ) .
voltage fluctuations signal(BOLD)
Temporal -
. Millisecondsto seconds Seconds to hours
Resolution
. . Millimeters to centimeters
Spatial Centimeters- aggregate . )
. . . localized regional gyrus and
Resolution regions of the brain
layers
High temporal resolution . . . .
. High spatial resolution relativg
Advantages relative to fMRI, low cost

Disadvantages

can be portable

Low spatial resolution
relative to fMR] scalp

attenuates signal

to EEG

Low temporal resolution
relative to EEG, high cost,

correlational

1%
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Positron Emission

Single-neuron

Method M agnetoencephalography (MEG)
Tomography (PET) Recording
ALUVT UTUTUYIC TTAavtt A TIMCTUTITUTUUT
o o . ~ | molecules are introduced  system is used to
o Participants sit with their head inside o .
Description N into theparticipant, of recordthe electrical
of a sensitive magriometer . .
which gamma rays can be response of a single
detected neuron
Invasive No Yes Yes
Magnetic fields resulting from Gamma rays/ tracer
M easur ement . o . Voltage change
electrical activity concentration
Temporal - . Highly variable —
. Milliseconds to seconds Minutes to days N
Resolution milliseconds to days
Spatial Centimeters- aggregate regions of . .
. ] Centimeters 4-100 micrometres
Resolution the brain
fMRI, slightly greater spatial Detection of metabolic
Advantages resolutionthan EEGno electrodes processes,cxmotion Precision of recording

Disadvantages

need to be placed,on the sgalp

LttlAl A AAaAlA AlAanAbhH AT At AN

Expensive, not portable

artifacts

substances, poor spatia

and temporal resolution,

avnanciva

Highly invasive, canno

be used on humans

[
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Transcranial Direct

Transcranial Magnetic

Method Multi-neuron Recording Lesion Studies Current Stimulation Stimulation
(tDCYS) (TMS)
A TIMILTUTTELUTUUT SYSUITTI . . AITTICLUUIMIayricuc vun
Portions of the brain . ) o
used tarecordthe Electrical current is used tbcreates a magnetic field ar
o . are removed or o . . .
Description electrical response of a temporarily inactivate is used to temporarily
. permanently . : . . - ,
multiple neurons, . . specific brain areas inactivate specific brain
. inactivated
simultaneously areas
Invasive Yes Yes No No
M easur ement Voltage change N/A N/A N/A
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. n Days Seconds to minutes Seconds to minutes
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Highly invasive, cannot bé¢
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nY

L
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manipulated in
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lacinne ara imnraricd

inyasive
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access to subcortical brai
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n Low spatial resolution
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Table 2. Summary of pros and cons of candidate gene and GWAS approageestio

association:
Candidate Gene Studies GWAS
Advantages Disadvantages Advantages Disadvantages
e Theoretically e Lack of statistical | e Robust, replicable | ¢ A-theoretical
driven power and results due to high significant SNPs
e Potential*biological replicability methodological can have no
relevance e High likelihood of rigor (control meaning initially
e Relatively false positives and variables and e Extremely
inexpensive inability to rely on multiple testing expensive
(compared to past findings in the correction) e Lack of relevant
GWAS) literature as they | e Becoming more data/ behavioral
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Can study a wider
variety of
constructs-
researcher has
greater control of
DV’s and is
activelysinvelved in
data generation
process

Can be used to
make simple, easily
interpreted.and
analyzed study

designs

man be unreliable
Publication
standards seem to
be movirg away
from candidate

gene studies

prevalent in togier
journals/ acceptabl
standard of

research
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