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Neural Correlates of Behavioral Preference

for Culturally Familiar Drinks

Samuel M. McClure,'* Jian Li,' Damen Temlin,
Kim 5. Cypert, Latané M. Montague,
and P. Read Montague™
Department of Neuroscience
Menninger Department of Psychiatry
and Behavioral Sciences
Bayler College of Medicine
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Houston, Texas 77030

Summary

Coca-Cola® [Coke®™) and Pepsi® are nearly identical in
chemical composition, yet humans routinely display
strong subjective preferences for one or the other.
This simple observation raises the important question
of how cultural messages combine with content to
shape our perceptions; even to the point of modifying
behavioral preferences for a primary reward like a sug-
ared drink. We delivered Coke and Pepsi to human
subjects in behavioral taste tests and also in passive
experiments carried out during functional magnetic
resonance imaging (fMRI). Two conditions were exam-
ined: (1) anonymous delivery of Coke and Pepsi and
{2) brand-cued delivery of Goke and Pepsi. For the
anonymous task, we report a consistent neural re-
sponse in the ventromedial prefrontal cortex that cor-
related with subjects’ behavioral preferences for these
beverages. In the brand-cued experiment, brand knowl-
edge for one of the drinks had a dramatic influence
on expressed behavioral preferences and on the mea-
sured brain responses.

Introduction

Perceptual constructs are generally multidimensional,
integrating multiple physical and cognitive dimensions
to generate coherent behavioral preferences. In sensory
processing, the idea of multidimensional integration has
leng been used to frame a range of guestions about
cross-modal interactions in physiclogical and behav-
ioral responses (Stein et al., 1996; 1999; Wallace and
Stein, 1997, Armony and Daolan, 2001; Dolan et al., 2001;
Laurienti et al., 2002, 2003). This same multidimensional
perspective has also been developed for olfactory and
gustatory processing, where the detection, discrimina-
tion, and perceived intensity of stimuli are not only func-
tions of the primary physical properties (odors, flavors)
but are also modulated “cross-modally” by visual input
(Gottfried and Dolan, 2003), auditory input, and current

neural responses, and the modulation of both by non-
odor or nenflavor stimuli—that is, the sensory problem.
Ultimately, such sensory diseriminaticns and the vari-
ables that influence them sarve to influence expressed
behavioral preferences. Hence, there is another large
piece of the problem to understand. For modem hu-
mans, behavioral preferences for food and beverages
are potentially modulated by an enormous number of
sensory variables, hedonic states, expectations, seman-
tic priming, and social context. This assertion can be
illustrated with a quote from Anderscen and Sobel (2003)
profiling the work of Small et al. (2003) on taste intensity
and pleasantness processing:

& salad of perfectly grilled woodsy-flavored calas-
mari pairad with subtly bitter pale green leaves of
curly endive and succulent petals of lomato flesh in
a deep, rich balsamic dressing, Delicate shces of
pan-roasted duck breast saturated with an assartive,
tari-sweet tamarind-infused marinade.”

The text goes on further, but note that the sheer lush-
ness of the description adds somehow to the appeal of
the food described. Also natice one implicit point of the
description: many levels of social, cognitive, and cultural
influences combine to produce behavioral preferences
for food and drink. The above description likely would
nat appeal to a strict vegan or an owner of a pet duck.
Anderson and Scbel point out that the preferences in-
dexed by their prose originated from the economic de-
mands on our early forebears and were unlikely to have
been strictly about assthetic responses to food and
drink.

However, the modemn problem is different. Cultural
influences on our behavioral preferences for food and
drink are now intertwined with the biclogical expediency
that shaped the eady version of the underlying prefer-
ence mechanisms. In many cases, cultural influences
dominate what we eat and drink. Behavioral evidence
suggests that cultural messages can insinuate them-
selves into the decision-making processes that yield
preferences for one consumable or another. Conse-
quently, the appeal or repulsion of culturally relevant
sights, sounds, and their associated memories all con-
tribute to the modem construction of food and drink
preferences. The neural substrates underlying food and
drink preferences and their influence by cultural images
have not been explored. As alluded to above, the major-
ity of work on olfaction and gustation has focused on
sensory processing. In this paper, we combine simple
taste tests and event-related functional magnetic reso-
nance imaging (IMRI) to probe the neural responses that
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Tag summary

Motivation is the driving force by which we achieve our goals, and is said to be intrinsic or extrinsic. The term is
generally used to describe human behavior, but can refer to the causes of animal behavior as well. According to
various theories, motivation may be rooted in a basic need to minimize physical pain and maximize pleasure, or
it may include specific needs such as eating and resting, or a desired object, goal, state of being, ideal, or it
may be aftributed to less-apparent reasons such as altruism, selfishness, morality, or avoiding mortality. The
most well-known theories of motivation include Maslow’s hierarchy of needs, Herzberg's Motivation-Hygiene
theory, Alderfer's ERG theory, Deci and Ryan’s self-determination theory, and Vroom’s expectancy theory.
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Popular papers

How to build a motivated research group
Uri Alon in Molecuiar Cell (2010)

Motivated group members experience a full sense of choice: of doing what one wants. Such behavior
shows high performance, is enjoyable, and enhances innovation. This essay describes principles of
buiding a motivated research group.
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Self-determination theory and the facilitation of intrinsic motivation, social development, and well-
being
R M Ryan, E L Ded in American Psychologist (2000)

Human beings can be proactive and engaged or, aternatively, passive and alienated, largely as a function
of the social condtions in which they develop and function. Accordingly, research guided by self-
determination theory has focused on the
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A Theory of Human Motivation
A H Maslow in Psychological Review (1943)

This paper develops a theory of social norms: what they are, how they form, and how they change. The
theory also makes predictions about group formation, categorization, and discrimination, and & can be
extended to model leadership and farness
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= = mental disorders and post traumatic stress disorder (PTSD) symptoms, during the main fighting
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Methods: Participants were drawn from a large UK military health study using a standard two
phase survey technique stratified by deployment status and engagement type. Participants
The psychobio]ogy and v undertook a structured telephone interview including the Patient Health Questionnaire (PHQ) and
a short measure of PTSD (Primary Care PTSD, PC-PTSD). The response rate was 76% (821
psychopharmacology of PTSD. st
Ik
Bessel A Van Der Ko Results: The weighted prevalence of common mental disorders and PTSD symptoms was 27.2%
1 and 4.8%, respectively. The most common diagnoses were alcohol abuse (18.0%) and neurotic
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tegey Collective dynamics of 'small-world' networks.

Duncan J WATTS Steven H STROGATZ
Nature (393) Nature Publishing Group, 1998
PMID: 9623998 | | ISBN: 9780691113579 | DOI: 10.1038/30918

Networks of coupled dynamical systems have been used to model biological oscillators, Josephson junction arrays, excitable media, neural networks, spatial games,
genetic control networks and many other self-organizing systems. Ordinarily, the connection topology is assumed to be either completely regular or completely random.
But many biological, technological and social networks lie somewhere between these two extremes. Here we explore simple models of networks that can be tuned
through this middle ground: regular networks 'rewired' to introduce increasing amounts of disorder. We find that these systems can be highly clustered, like regular
lattices, yet have small characteristic path lengths, like random graphs. We call them 'small-world' networks, by analogy with the small-world phenomenon (popularly
known as six degrees of separation. The neural network of the worm Caenorhabditis elegans, the power grid of the western United States, and the collaboration graph of
film actors are shown to be small-world networks. Models of dynamical systems with small-world coupling display enhanced signal-propagation speed, computational
power, and synchronizability. In particular, infectious diseases spread more easily in small-world networks than in regular lattices.

% of readers by discipline % of readers by location

% of readers by status w

% of readers

o HHEN -

Source



€« C f © wwwkleenkcom/explore

kloe nk "

Smart connecting scientific content

Home | Scientific Content Explorer

"1'. Formal MASQ Switch tag Edit information i
W | Tiberiu Stratulat, Montpetlier Cedex, “ —
: \ . A formal
Simulation of interm ediation using rich . | Jacques Ferber, John Trarier Sy

; “*-.. | Abstract
cognitive agents 5 )
Razvan D
| Virginia Dignum, John Trander, Frank Ferl:er Mc’
Dignum { .

Modeling Warehouse Logistics Using

Agent Organizations Influ

situs
Marcel Hiel, Huib Aldewereld, Frank

Dignum Jacg

I =R

A formal model of agent interaction
based on MASQ

a meta-model for the analysts | “_.___,,w Ly
gnof organizations in multi- | seeeses o

stems "". 3 . | Razvan Dinu, Tiberiu Strotulat, Jacques R
' z " | Ferter

Ferber, Olivier Gutknecht ‘ R \ '
| P o '.' -

for Organizational Interaction: | - Y :
\ Agentts, founded in Logic o g :

Blog AboutUs Contact

.
.
.
.
.
.
oy
-~
-
o
-~
o

® Copyright 2011 kleenk.com - Al



Welcome to Collabgraph!

Collabgraph visualizes who is collaborating in your field of research. Just
connect with your Mendeley library or upload a bibtex file, containing your
literature references and Collabgraph will create a fancy graph showing who is
publishing with whom.

Build graph from your M MENDELEY library

Y P Vi
ot o D Goputrnn s>



Pa pe rC riti C , Login or Register via Mendeley
* 2 8

*”. Enter title or author name a
Measuring the evolutionary rate of protein-protein interaction.

by Wenfeng Qian, Xionglei He, Edwin Chan, Huailiang Xu, Jianzhi Zhang
published in Proceedings of the National Academy of Sciences of the United States of America (Volume: 108, Issue: 21, Pages: §725-8730) in
2011

Abstract

Despite our extensive knowledge about the rate of protein sequence evolution for thousands of genes in hundreds of species, the corresponding rate of
protein function evelution is virtually unknown, especially at the genomic scale. This lack of knowledge is primarily because of the huge diversity in protein
function and the consequent difficulty in gauging and comparing rates of protein function evelution. Nevertheless, most proteins function through
interacting with other proteins, and protein-protein interaction (PPl) can be tested by standard assays. Thus, the rate of protein function evolution may be
measured by the rate of PPl evolution. Here, we experimentally examine 87 potential interactions between Kluyveromyces waltii proteins, whose one to
one orthologs in the related budding yeast Saccharomyces cerevisiae have been reportad to interact. Combining our results with available data from other
eukaryotes, we estimate that the evolutionary rate of protein interaction is (2.6 1.61 10(-10) per PPl per year, which is three orders of magnitude lower than
the rate of protein sequence evolution measured by the number of amino acid substitutions per protein per year. The extremely slow evolution of protein
molecular function may account for the remarkable conservation of life at molecular and cellular levels and allow for studying the mechanistic basis of
human disease in much simpler organisms.

Log inwith your Mendeley account to post a review!
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should have discussed a whole genome duplication |3 Tweet | 0
by Giovanni Dall'Olio * 8 hours ago * Recommended: Yes -+ Difficulty level: Intermediate * Reviewer expertise: Intermediate

This paper provides an estimate of the rate of protein-protein interaction gain or loss between two species, S.cerevisiae and Kwaltii.

The problem is that the authors did not discuss the fact that a genome-duplication event occurred between the separation of these two species. This
may invalidate their concusions about the overall PPl loss/gain rate of 2.6 1.6) 10(-10) per PPl per year. As the paper is written, a reader unaware of
this genome-wide duplication would be inclined to think that this rate can be compared to other species.

Apart from this point, | liked the paper and | think it is a very good experiment. The authors did an impressive job in experimentally verifying all the
interactions, and their results are valid for these two species.

Eeformcrs Sedededese Origialty Sedededete | Arumntation Setededede | Reudabildy dedetestese

Mentions
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openSNP  News

Search here Signin  FAQ

Welcome to openSNP

openSNP allows customers of direct-to-
customer genetic tests to publish their
test results, find others with similar
genetic variations, learn more about their
results, find the latest primary literature on
their variations and help scientists to find
new associations.

Sign Up!

For Genotyping Users For Scientists FAQ

Upload Your
Genotyping File

o
L’-ﬁi Upload

the genotyping raw-
data you got from
23andMe or
deCODEme to the
database of openSNP
to make if available for
everybody.

Share Your Phenotypes &
Traits

Share as many
phenotypes, characteristics and
traits with other openSNP users
and find others with similar
characteristics.

And maybe help scientists to
discover new genetic
associations.

Share your stories on
variations & phenotypes

M
L.?
N
‘ openSNP lets you

share your stories on your
genetic variations & phenotypes
with others. Discover the stories
of other users.

Find others to exchange
experiences about your
variations

Find literature on genetic
variation

openSNP gets the
latest open access journal
articles on genetic variations via
the Public Library of Science.
Additionally popular articles are
indexed via the social reference
manager Mendeley. Summaries
are provided by SNPedia.
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These leaderboards are updated once a day.

= The top readers...

Detailed

1. Gert Thijs

2. Bart Gerard

3. Annelies Van der Borght

4. neohelpersite@yahoo.com
5. katrien.verbert.cs

6. bram vandeputte

"i \ : 7. Robby Wauters
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Mendeley is
crowdsourcing
semantic annotations
to become the “global
brain of science”.
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Dr. Werner Vogels,
CTO Amazon.com

I strongly believe that Mendeley can
change the face of science http://bit.ly
/1Lhf6 (f @mendeley com)

Rephy Retwee

Werner

Werner Vogels







