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Political Attitudes Vary
with Physiological Traits
Douglas R. Oxley,1* Kevin B. Smith,1* John R. Alford,2 Matthew V. Hibbing,3 Jennifer L. Miller,1
Mario Scalora,4 Peter K. Hatemi,5 John R. Hibbing1†
Although political views have been thought to arise largely from individuals’ experiences,
recent research suggests that they may have a biological basis. We present evidence that variations
in political attitudes correlate with physiological traits. In a group of 46 adult participants with
strong political beliefs, individuals with measurably lower physical sensitivities to sudden noises
and threatening visual images were more likely to support foreign aid, liberal immigration policies,
pacifism, and gun control, whereas individuals displaying measurably higher physiological
reactions to those same stimuli were more likely to favor defense spending, capital punishment,
patriotism, and the Iraq War. Thus, the degree to which individuals are physiologically responsive
to threat appears to indicate the degree to which they advocate policies that protect the existing
social structure from both external (outgroup) and internal (norm-violator) threats.

T

he nature and source of political attitudes
have been the subject of much study (1–3).
Traditionally, such attitudes were believed
to be built from sensible, unencumbered reactions
to environmental events (4), but more recent research emphasizes the built-in, almost “automated”
quality of many political responses (5), which has
been suggested to be based in brain activation
variations in limbic regions (6–8). The research
task is now to determine why some people seem
primed to adopt certain political attitudes, whereas others appear primed to adopt quite different
attitudes. For example, although images and reminders of the terrorist attacks of 9-11 produce an
aggregate shift in political views (9, 10), the reasons for individual variability in the degree of
attitudinal shifts are unknown.
One possibility is that people vary in general
physiology and that certain of these variations
encourage the adoption of particular political attitudes. Broad, physiologically relevant traits
such as feelings of disgust and fear of disease
have been suggested to be related to political attitudes (11, 12), and political beliefs can be predicted by observing brain activation patterns in

response to unanticipated events, such as one
letter of the alphabet appearing on a computer
screen when the respondent expected a different
letter (13). A connection between self-reports of
felt threat and political attitudes has also been
identified in previous research (14–19).
The physiology of response to a perceived threat
is an attractive topic of investigation because an
appropriate response to environmental threat is
necessary for long-term survival and because
perceived threat produces a variety of reasonably
well-mapped, physically instantiated responses
(20). If the threat is abrupt, a defensive cascade of
linked, rapid extensor-flexor movement occurs
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throughout the body within 30 to 50 ms (21),
presumably to reduce vital-organ vulnerability
(e.g., eye blink and retraction of the head). Less
immediately, perceived threat causes signals from
the sensory cortex to be relayed to the thalamus
and ultimately to the brain stem, resulting in
heightened noradrenergic activity in the locus
ceruleus (22). Acetylcholine, acting primarily
through the amygdala but also through the
hypothalamic-pituitary-adrenal axis (23), stimulates release of epinephrine, which in turn leads
to activation of the sympathetic division of the
autonomic nervous system. Though these basic
response patterns apply in all people, individual
sensitivity to perceived threat varies widely (24).
To test the hypothesis that variations in physical sensitivity to threat are associated with political beliefs, in May 2007, we conducted a random
telephone sample of the population of Lincoln,
Nebraska. Participants were screened [see supporting online material (SOM)] to identify those
with strong political attitudes (regardless of the
content of those attitudes), and qualifying individuals were invited to a lab in the city. During
the first visit, the 46 participants completed a
survey instrument (see SOM) ascertaining their
political beliefs, personality traits, and demographic characteristics. During the second session, about 2 months after the first, participants
were attached to physiological equipment, making
it possible to measure skin conductance and orbicularis oculi startle blink electromyogram (EMG)
response (25).
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Fig. 1. Changes in skin conductance (in microsiemens) resulting
from the viewing of threatening
and nonthreatening images for
high supporters and low supporters
of socially protective policies.
Difference of means tests: threatening stimuli t = 1.98, P = 0.05;
nonthreatening stimuli t = 0.284,
P = 0.77, two-tailed tests. All skin
conductance data have been logged.
Support for policies is measured by
self-reported positions on 18 issues
relevant to group life (see text),
with “high support” including those
participants above the median of
support and “low support” including those participants below the
median.
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prising subjects with a sudden, jarring noise is
likely to affect all physiological indicators, we
conducted the startle portion of the study after
completing separate tests on skin conductance.
The order of the images and the timing of the
auditory startle were randomized once, and then
that program was presented to all participants.
The survey instrument contained a battery of
items asking respondents whether they agreed
with, disagreed with, or were uncertain toward
28 individual political concepts—the well-known
Wilson-Patterson format (29). We identified
particular positions on 18 of these policy issues
as those most likely to be held by individuals
particularly concerned with protecting the interests of the participants’ group, defined as the
United States in mid-2007, from threats. These
positions are support for military spending, warrantless searches, the death penalty, the Patriot
Act, obedience, patriotism, the Iraq War, school
prayer, and Biblical truth; and opposition to pacifism, immigration, gun control, foreign aid, compromise, premarital sex, gay marriage, abortion
rights, and pornography. We do not label these
collections of policy positions as either “liberal”
or “conservative” because we measure only one
aspect of ideologies and exclude other aspects
such as positions on economic issues. We take no
stance on whether these positions actually promote the stability and cohesion of the social unit;
we only assert that, given the common frames of
the modern American policy, those most concerned about social protection will tend to be
attracted to the particular policy positions listed.
We computed a summary measure of each
participant’s stances on the 18 political issues
such that those positions suggesting a concern for
protecting the social unit were given higher
scores. To test the skin conductance portion of
our analysis, we divided participants into two
groups according to their level of concern for

protecting the social unit: those above the median
and those below. Participants whose policy positions suggest more concern for protecting the
social unit were distinguished by an increase in
skin conductance when threatening stimuli were
presented (Fig. 1). Those whose positions suggest less concern for protecting the social unit, by
contrast, were mostly unaffected by those same
stimuli and the difference in these two groups was
statistically significant (P = 0.05). When participants were shown nonthreatening stimuli, there
was no statistically significant difference (P =
0.77) in skin conductance changes between the
two groups (Fig. 1).
Uncontrolled, bivariate results have the potential to mislead. We therefore regressed each
participant’s summary level of support for socially
protective political policies on changes in skin
conductance as well as on four sociodemographic
variables commonly used as predictors of political attitudes: gender, age, income, and education
(race and ethnicity were not controlled because
all but one participant was self-identified as white
and non-Hispanic). With the effects of these
sociodemographic variables controlled, the effect
of increases in skin conductance when viewing
threatening stimuli was positive and significant
(P < 0.01), with a large standardized regression
coefficient (0.377) (Table 1). When nonthreatening images were viewed, however, changes in
skin conductance appeared to be unrelated to
political attitudes pertaining to protecting the
social order. In this multiple regression model,
the standardized regression coefficient for skin
conductance change was statistically insignificant
(P = 0.96), small, and slightly negative (−0.007)
(Table 2).
A further test of this pattern is possible when,
for each participant, mean skin conductance
change occasioned by the viewing of the nonthreatening stimuli is subtracted from mean skin

Fig. 2. Three-event moving average of blink amplitude (in millivolts) in response to seven startling noises
administered at unexpected times during the absence of visual stimuli for high supporters and low
supporters of socially protective politics. Lines represent mean response for the two groups for each cluster
of three responses and are designed to show habituation. All blink amplitude data have been converted to
logarithm values so readings less than 0 are possible. Support for policies is as described in Fig. 1.

Fig. 3. Mean blink amplitude in response to all
seven startling noises for high supporters and low
supporters of socially protective politics. Bars are
mean blink amplitudes (in millivolts). Difference of
means tests for overall means: t = 1.64, P = 0.10.
Support for policies is as described in Fig. 1.

Skin conductance “has been closely linked
with the psychological concepts of emotion, arousal, and attention” and “provides relatively direct
and undiluted representation of sympathetic activity” (26). Arousal causes increased moisture in
the outer layers of the skin that in turn enhances
conductivity, making it possible to assess sympathetic activation by recording changes in the
level of skin conductance. Each participant was
shown three separate threatening images (a very
large spider on the face of a frightened person, a
dazed individual with a bloody face, and an open
wound with maggots in it) interspersed among a
sequence of 33 images. After logging the data
to normalize the distribution, we computed the
change in the mean level of skin conductance
(SCL) from the previous interstimulus interval
(10 s) to the stimulus of interest (20 s). This
calculation isolates the change in skin conductance induced by the stimulus and reduces the
effects of baseline variations across participants
(27). We computed the mean change in SCL
induced by the three threatening stimuli and determined whether this mean difference was related
to variations in preference for socially protective
policies (described below). Similar procedures
were conducted for three nonthreatening stimuli
shown during the series (a bunny, a bowl of fruit,
and a happy child).
The other physiological measure was orbicularis oculi startle blink response, an involuntary
response to a startling noise. Harder blinks (higher
blink amplitudes) are indicative of a heightened
“fear state” (28). The threatening stimulus was a
loud, standardized level of white noise heard by
participants (through headphones) at seven unexpected moments while they were looking at a
computer screen containing nothing but a focus
point. As is common practice (28), we first took
the logarithm of the data and then computed participants’ average blink amplitude. Because sur-
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conductance change when viewing the threatening stimuli. When this variable was entered
into the multiple regression with age, income,
education, and gender, it was in the expected direction (greater relative reaction to threatening

stimuli correlates with more support for socially
protective policies), sizable (standardized regression coefficient = 0.28), and statistically significant (P = 0.04). Full results of this analysis are
presented in the SOM.

Table 1. Explaining support for socially protective policies with physiological reactions to threatening
images. Results of ordinary least squares (OLS) regression with support for socially protective policies
(possible range from 0 to 18), with higher numbers indicating attitudes more supportive of policies
thought to protect the social unit regressed on five explanatory variables: gender (0 = male; 1 = female),
age (in years), education (six categories ranging from “did not finish high school” to “college degree
plus”), income (six categories ranging from an annual salary of less than $20,000 to an annual salary of
more than $100,000), and changes in skin conductance level (SCL) occasioned by the viewing of
threatening images. Descriptive statistics on the variables and further discussion of the regression
techniques are available in the SOM. *P < 0.05, two-tailed t test.
Variable

Unstandardized
coefficient (SE)

Standardized
coefficient

SCL
Income
Education
Age
Gender
Constant
N
Adj. R-square

92.2* (29.03)
−0.395 (0.471)
−1.63* (0.465)
0.19 (0.10)
−2.34 (1.3)
−353* (193)
46
0.37

0.377
−0.10
−0.42
0.235
−0.20

Table 2. Explaining support for socially protective policies with physiological reactions to nonthreatening
images. Results of regression (OLS) with support for socially protective policies regressed on five
explanatory variables. Variables are the same as those described for Table 1 except that skin conductance
(SCL) is the change in skin conductance occasioned by the viewing of nonthreatening images. Descriptive
statistics and further discussion of the regression techniques are available in the SOM. *P < 0.05, twotailed t test.
Variable

Unstandardized
coefficient
(SE)

SCL
Income
Education
Age
Gender
Constant
N
Adj. R-square

−1.8 (35.08)
−0.438 (0.533)
−1.57* (0.53)
0.165 (0.11)
−2.23 (1.52)
−304* (217)
46
0.21

Standardized
coefficient
−0.007
−0.115
−0.408
0.204
−0.196

Table 3. Explaining support for socially protective policies with blink amplitude in response to startling
noises. Results of regression (OLS) with support for socially protective policies regressed on five
explanatory variables. Variables are the same as those described for Table 1 except that mean amplitude is
the mean blink amplitude for each participant following seven startle events (see Fig. 1). Descriptive
statistics and further discussion of the regression techniques are available in the SOM, as is further
discussion of the startle technique and measurement procedures. *P < 0.05, two-tailed t test.
Variable

Unstandardized
coefficient
(SE)

Mean amplitude
Income
Education
Age
Gender
Constant
N
Adj. R-square

1.67* (0.75)
−0.320 (0.500)
−1.76* (0.498)
−0.187 (0.10)
−2.71 (1.45)
−348 (204)
46
0.30
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Standardized
coefficient
0.286
−0.08
−0.458
0.232
−0.239
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Startle blink EMG responses habituate (28)
(Fig. 2), but the tendency for high blink amplitudes to correlate with respondents supportive
of protective policies was consistent across the
exercise and was also apparent for the overall
means (Fig. 3). Although the difference was not
significant in the bivariate analysis, when the
sociodemographic controls were added to better
specify the model, the coefficient for blink amplitude was again in the predicted (positive) direction, sizable (standardized regression coefficient =
0.286), and statistically significant (P = 0.03)
(Table 3).
Our data reveal a correlation between
physiological responses to threat and political
attitudes but do not permit firm conclusions
concerning the specific causal processes at work.
Particular physiological responses to threat could
cause the adoption of certain political attitudes, or
the holding of particular political attitudes could
cause people to respond in a certain physiological
way to environmental threats, but neither of these
seems probable. More likely is that physiological
responses to generic threats and political attitudes
on policies related to protecting the social order
may both derive from a common source. Parents
could both socialize their children to hold certain
political attitudes and condition them to respond
in a certain way to threatening stimuli, but conditioning involuntary reflex responses takes immediate and sustained reinforcement and punishment,
and it is unlikely that this conditioning varies
systematically across political beliefs.
Alternatively, political attitudes and varying
physiological responses to threat may both derive
from neural activity patterns, perhaps those surrounding the amygdala. There is a connection between localized activation of the amygdala and
aversive startle response (30). Amygdala activity
is also crucial in shaping responses to socially
threatening images (31, 32) and may be connected to political predispositions. Indeed, given
that political and social attitudes are heritable
(33–36) and that amygdala activity also has been
traced to genetics (37–40), genetic variation relevant to amygdala activity could affect both physiological responses to threat and political attitudes
bearing on threats to the social order.
Our findings suggest that political attitudes
vary with physiological traits linked to divergent
manners of experiencing and processing environmental threats. Consequently, our research
provides one possible explanation for both the
lack of malleability in the beliefs of individuals
with strong political convictions and for the
associated ubiquity of political conflict.

Downloaded from www.sciencemag.org on December 30, 2010

REPORTS

References and Notes
1. A. Campbell, P. E. Converse, W. E. Miller, D. E. Stokes,
The American Voter ( John Wiley, New York, 1960).
2. P. E. Converse, in Ideology and Discontent, D.E. Apter,
Ed. (Free Press, New York, 1964).
3. J. R. Zaller, The Nature and Origins of Mass Opinion
(Cambridge Univ. Press, New York, 1992).
4. B. I. Page, R. Y. Shapiro, The Rational Public (Univ. of
Chicago Press, Chicago, 1992).
5. M. Lodge, C. Taber, Pol. Psychol. 26 , 455 (2005).

19 SEPTEMBER 2008

1669

REPORTS
21. M. M. Bradley, P. J. Lang, in Handbook of Psychophysiology,
J. T. Cacioppo, L. G. Tassinary, G. G. Berntson, Eds.
(Cambridge Univ. Press, New York, 2007).
22. M. E. Thase, R. H. Howland, in Handbook of Depression,
E. E. Beckham and W. R. Leber, Eds. (Guilford, New York,
1995).
23. E. Lemche et al., Hum. Brain Mapp. 27 , 623 (2006).
24. G. H. Grosser, H. Wechser, M. Greenblatt, The Threat of
Impending Disaster (MIT Press, Cambridge, MA, 1971).
25. Materials and methods are described in the SOM.
26. M. E. Dawson, A. M. Shell, D. L. Filion, in Handbook
of Psychophysiology, J. T. Cacioppo, L. G. Tassinary, G. G.
Berntson, Eds. (Cambridge Univ. Press, New York, 2007).
27. A. Miller, J. Long, in Developmental Psychophysiology,
L. A. Schmidt, S. J. Segalowitz, Eds. (Cambridge Univ.
Press, New York, 2007).
28. P. J. Lang, M. M. Bradley, B. N. Cuthbert, Psychol. Rev.
97 , 377 (1990).
29. G. D. Wilson, J. R. Patterson, Br. J. Soc. Clin. Psychol. 7 ,
264 (1968).
30. S. Anders, M. Lotze, M. Erb, W. Grodd, Hum. Brain Mapp.
23, 200 (2004).
31. C. L. Larson et al., Biol. Psychiatry 60, 410 (2006).
32. D. A. Fitzgerald, M. Angstad, L. M. Jelsone, P. J. Nathan,
K. L. Phan, Neuroimage 30, 1441 (2006).
33. N. G. Martin et al., Proc. Natl. Acad. Sci. U.S.A. 83, 4364
(1986).

An Alternative Menaquinone
Biosynthetic Pathway
Operating in Microorganisms
Tomoshige Hiratsuka,1 Kazuo Furihata,2 Jun Ishikawa,3 Haruyuki Yamashita,4
Nobuya Itoh,1 Haruo Seto,5 Tohru Dairi1*
In microorganisms, menaquinone is an obligatory component of the electron-transfer pathway.
It is derived from chorismate by seven enzymes in Escherichia coli. However, a bioinformatic
analysis of whole genome sequences has suggested that some microorganisms, including
pathogenic species such as Helicobacter pylori and Campylobacter jejuni, do not have orthologs of
the men genes, even though they synthesize menaquinone. We deduced the outline of this
alternative pathway in a nonpathogenic strain of Streptomyces by bioinformatic screening, gene
knockouts, shotgun cloning with isolated mutants, and in vitro studies with recombinant enzymes.
As humans and commensal intestinal bacteria, including lactobacilli, lack this pathway, it
represents an attractive target for the development of chemotherapeutics.

I

n prokaryotes, ubiquinone and menaquinone
(MK) are lipid-soluble molecules that shuttle electrons between the membrane-bound
protein complexes in the electron-transport chain
(1, 2 ). For example, the facultative anaerobe
Escherichia coli uses ubiquinone (CoQ-8) under
aerobic conditions but uses MK 8 when it is
grown anaerobically. By contrast, many Grampositive aerobes such as Bacillus subtilis contain
1
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only MKs. MK biosynthesis is therefore essential
for the survival of these strains. In mammalian
cells, ubiquinone plays a role in the electrontransport chain in the inner mitochondrial membrane, and MK functions as an essential vitamin
for the biological activation of a family of proteins involved in blood coagulation (3 ), bone
metabolism (4 ), and cell-cycle regulation (5 ). The
biosynthesis of MK had been mainly studied in
E. coli. In this organism, chorismate, which is
derived from the shikimate pathway, is converted
into MK by seven enzymes (MenA to MenG,
Fig. 1). Although humans lack this pathway,
essential amounts of MK are normally supplied
in the diet.
There is no trace of menF, menD, menC,
menE, and menB gene orthologs in the genome
of Streptomyces coelicolor A3(2) (6 –8 ), even
though it produces MKs. Similarly, some pathogens that synthesize MK, including Helicobacter
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pylori and Campylobacter jejuni, have also been
reported to lack men gene homologs (9 –12 ). We
performed a tracer experiment with S. coelicolor
A3(2) and [U-13C6]glucose to test whether an
alternative pathway to MK operated in the strain.
We found that the labeling patterns of MK differed from those of the classical pathway and that
1,4-naphthoquinone-6-carboxylic acid (Fig. 1)
(or its reduced form, 1,4-dihydroxy-6-naphthoate)
was an intermediate, which suggests that MK is
indeed biosynthesized by an alternative route in
this species (13 ). We have identified the genes,
enzymes, and biosynthetic intermediates responsible for this alternative pathway, which we have
named the futalosine pathway.
We started our investigations by screening
genome databases, as well as mutants that require
MK for growth. We found that some microorganisms in the epsilon categories of Proteobacteria,
Actinobacteria, and the Deinococcus-Thermus
bacteria groups lacked men gene orthologs despite the fact that most of these strains are known
to synthesize MKs. From among these, we
selected four microorganisms for further analysis:
H. pylori, C. jejuni, Thermus thermophilus (14 )
and S. coelicolor. We also made comparisons
with microorganisms in which the known MK
biosynthetic pathway operates, including E. coli
(15 ), Bacillus subtilis (16 ), Corynebacterium
glutamicum (17 ), and Mycobacterium tuberculosis (18 ). To find candidate genes, we first estimated orthologous genes as reciprocal best-hit
pairs using the BLAST (Basic Local Alignment
Search Tool) program (19 ) with a cutoff e value <
10−10 and then searched for candidate genes
present in the men negative group but absent in
the men positive group. We eventually identified
~50 candidate genes in S. coelicolor A3(2).
Putative transcriptional regulators and membrane
proteins such as adenosine triphosphate–binding
cassette transporters that are known to transport a
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The political left rolls with the good and the
political right confronts the bad: connecting
physiology and cognition to preferences
Michael D. Dodd1, Amanda Balzer2, Carly M. Jacobs2,
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We report evidence that individual-level variation in people’s physiological and attentional responses
to aversive and appetitive stimuli are correlated with broad political orientations. Specifically, we
find that greater orientation to aversive stimuli tends to be associated with right-of-centre and
greater orientation to appetitive (pleasing) stimuli with left-of-centre political inclinations. These
findings are consistent with recent evidence that political views are connected to physiological predispositions but are unique in incorporating findings on variation in directed attention that make it
possible to understand additional aspects of the link between the physiological and the political.
Keywords: physiology; cognition; politics

1. INTRODUCTION
The most intense cultural conflicts tend to be disputes
over the proper way to structure and maintain massscale social life. Accordingly, whether within or
across national boundaries, disagreements regarding
politics (and religion, as the other major force that
regulates mass-scale social life) are much more likely
to lead to acrimony and even violence than, say, disagreements over preferred personality traits or tastes
in art. Politics can affect the lives of others in a way
that personality and taste do not. It has been a flashpoint over the centuries and serious attempts at
understanding cultural conflict must address the
reasons for political differences.
What is it that leads individuals—even in nearly
identical social milieus—to hold such distinct, often
persistent, and potentially explosive political orientations? Traditional social science approaches have
ignored the role of biology in these differences and
focused on variables directly relevant to political life.
Scholars argued over the relative contributions of
parental socialization and pertinent adult experiences
[1 – 3], but until recently were little concerned with
whether political differences have biological markers.
Consistent with the theme of this issue, we test the
possibility that differences relevant to cultural conflict
are embedded in broad biological processes. In particular, we investigate the possibility that variations

in political orientations within a sample of United
States research participants are instantiated in the patterns of each individual’s physiological and cognitive
responses to emotionally laden stimuli.
A growing body of research finds that political
orientations vary with an array of broader constructs
such as personality traits [4 – 7], moral foundations
[8,9], core values [10 – 16], baseline neural structures
[17], neural activation in response to unexpected
stimuli [18], self-reported sensitivity to threat [19],
tendency to perceive threat in faces [20], physiological
response to threat [21], sensitivity to disgust [22,23]
and possibly even genetics [24,25].
The focus of this previous research often is on
responses to reasonably narrow categories of stimuli
and equally narrow political attitudes (e.g. does a
stronger disgust response correlate with opposition to
gay marriage?) and this approach is perfectly reasonable. Human emotion encompasses a wide array of
discrete affective states, including fear, anger, sadness
and happiness, and each of these affective states
activates unique neurophysiological pathways and politically relevant issue attitudes. To take one example,
Neuberg et al. [26] detail the differences between
the self-protection and disease-avoidance systems,
with the former closely tied to threat responses and
the latter to disgust. Each seems to engage different
emotions, inferences and behavioural tendencies, and
there is obvious value in studying responses to
particular categories of stimuli seriatim.
Still, even amidst these distinct pathways, downstream
commonality is present. Responding to an aversive feature of the environment, whether it is indicative of a
violation of order, purity or security, must ultimately
work via a sympathetic nervous system that will prejudice
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a broad category of action such as avoiding or approaching [26]. Consequently, in addition to recognizing the
uniqueness of individual categories of response, many
researchers also have found useful a ‘biphasic’ model
which holds that emotion is a product of varying activation of two motivational systems: appetitive and
defensive [27,28]. Both of these systems ‘are evolutionarily old, shared across mammalian species and have
evolved to mediate the behaviours that sustain and protect life’ [29, p. 30]. Gray [30,31] has described these
two core systems as the behavioural inhibition system
(BIS) and the behavioural activation system (BAS),
with the BIS typically activated by aversive stimuli and
the BAS activated by appetitive stimuli [32,33].
A conceptualization in which organisms are
expected to approach appetitive and avoid negative
stimuli is simplistic, but has the additional advantage
of putting an equal emphasis on appetitive (that is,
positive or pleasant) events and exposures. Previous
work on the connection of political orientations
and physiological responses has concentrated heavily
and perhaps exclusively on aversive stimuli (an unexpected, disorderly event, a threatening occurrence or
a disgusting scene) and thus the political implications
of variations in response to appetitive situations have
not yet been tested. Doing so is important because
variations in physiology connected with approach behaviour could have just as much relevance to political
orientations as variations in physiology subsequent to
exposure to aversive stimuli.
In sum, though individual emotions clearly have
unique neural and physiological characteristics, a
number of empirical studies recognize the broader
biphasic organization of two core motivation systems
(aversive and appetitive) that mediate the actions of
both the somatic (voluntary) and autonomic (involuntary) nervous systems, which are the proximate causes
of behaviour [27,34 – 38].
This approach-avoidant behavioural dimension and
the distinctive responses to appetitive and aversive
stimuli that undergird it are likely to be relevant to
political orientations. On the whole, people are risksensitive in that their physiological responses and cognitive attention are heightened by aversive stimuli, a
pattern that makes sense from an evolutionary point
of view [26]. Previous empirical research supports
this line of thought and, on average, physiological
[39] and cognitive [40,41] responses to aversive
images outstrip those to appetitive images.
The operative phrase in the preceding passage,
however, is ‘on average’ and substantial individuallevel variation probably exists around the averages.
Hair-trigger autonomic nervous systems generate
rapid and elevated physiological responses to aversive
stimuli and chronic sensitivity to violations of security,
purity and order may rivet attention on the problematic aspects of the environment. Conversely,
heightened physiological response to appetitive stimuli
and a chronic craving of new experiential pleasures
may lead an individual to devote more attention to
appealing aspects of the environment. Whatever the
source of these biological and psychological predispositions, people may accordingly self-select, often
subconsciously, into situations likely to match their
Phil. Trans. R. Soc. B (2012)
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physiological and cognitive biases, according to the
approach-avoidant spectrum. For example, those
whose physiology responds strongly to violations of
their preferences for protection, purity and order and
are known to devote high levels of attention to such
violations, are likely to take steps in their personal
lives to avoid situations in which they encounter violations of security, purity and order. In other words,
these individuals may be more likely to display the personal values of tradition, conformity and security. On
the other hand, those whose physiology responds
strongly to stimuli portraying desirable situations and
experiences, and/or those who devote relatively high
levels of attention to appetitive stimuli may be more
likely to subscribe to the personal values of hedonism,
stimulation and self-direction [15].
Further, and more to the point of the present study,
these individual-level physiological and cognitive variations are likely also to be correlated with political
preferences. After all, political decisions affect the
kind of environment in which one exists. Our theoretical assumption is that individuals will take steps to
shape their environment into one that is as consistent
as possible with their pre-existing physiological and
cognitive tendencies. They do so by adopting certain
personal values and by advocating certain political
positions. From this perspective, it makes sense that
people who are more attentive and responsive to hedonic stimuli would support tax dollars being spent on the
arts and national parks, just as it makes sense that
people who are more attentive and responsive to aversive stimuli would advocate policies promoting moral
purity and harsh treatment for norm violators.
This theory is supported by recent evidence that
individuals’ personal values correlate with their political values [42] as well as evidence that people’s
political values are related to their motivations in
making moral decisions. Those who, in relative
terms, stress minimizing harm and maximizing equality tend to be left-of-centre in their political beliefs and
those who stress purity and authority tend to be rightof-centre [8,9]. The missing links are (i) evidence that
individuals to the right-of-centre do indeed respond
more physiologically to aversive stimuli, while individuals to the left-of-centre respond more physiologically,
in relative terms, to appetitive stimuli and (ii) evidence
that individuals to the right-of-centre pay more attention to aversive than to appetitive stimuli while those to
the left-of-centre pay more attention, in relative terms,
to appetitive than to aversive stimuli. In the research
described in §2, we provide initial evidence on these
very points: first, that physiological responsiveness
varies predictably across the political spectrum and,
second, that patterns of attention also vary across the
political spectrum in a fashion that complements the
physiological results.
2. STUDY 1: PHYSIOLOGICAL RESPONSE
In the summer of 2007, 200 participants were brought
to a computer laboratory in Lincoln, Nebraska, USA,
to complete a survey soliciting their political, personality and demographic information subsequent to their
having been contacted by phone at random by a
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professional survey organization. Though in no way a
representative sample, this group has the advantage
of not being restricted to college undergraduates
and, relatedly, having reasonably representative demographic characteristics given the target population:
mean age ¼ 42; 52 per cent female; mean income in
the $40 000 – 60 000 range; and mean educational
level ¼ some college. These 200 were intended to
serve as a pool from which smaller groups could be
culled for physiological testing. The particular group
employed in the analysis here consisted of 48 individuals who were called back later that summer. They
were selected because of availability and because
they were the individuals most clearly falling on
either the political left or the political right according
to the survey responses provided during their first
visit. Participants were paid $50 for each of their two
separate trips to the laboratory. The data on two participants had to be removed, one owing to a health
issue, the other owing to a mechanical problem with
a sensor.
To measure political orientation, several variables
were combined. Since a US sample was used in our
analyses, we used party labels, ideological labels and
individual political issues that would be familiar to
such a group. Thus, participants were asked to
(i) report their ideological position on a scale running
from strong liberal (left) to strong conservative (right),
(ii) report their partisan affiliation, from strong
Democrat (left) to strong Republican (right), (iii)
answer 28 items on their specific policy preferences
presented in the well-known Wilson –Patterson
format [43], and (iv) complete a social principles
index. The latter presented subjects with 15 forced
choices between basic principles of social organization.
As an example of items in this last category, participants indicated whether ‘society works best when . . .
those who break the rules are punished . . . or . . .
when those who break the rules are forgiven’ ([44]; a
full listing of these and the Wilson– Patterson items
can be found in electronic supplementary material,
appendices A and B). For both the Wilson –Patterson
issue items and the ‘society works best’ items, an additive index was constructed (with the position on the
political right always given the higher coding). These
four diverse measures of political orientation are
fairly strongly related, with bivariate correlations ranging from 0.57 to 0.75 (p , 0.05 in all cases) and
with a factor analysis confirming that these four
measures tap into a single dimension (a principal components analysis yielded a single factor accounting
for approx. 75% of the variance, and factor loadings
for the individual variables were 0.79 or higher).
The four indicators were weighted equally and
added together to create a broad measure of left – right
political orientation.
In the physiological session, participants were
shown a series of 33 still images. Each image was
shown once and was preceded by a fixation point
that was displayed during an inter-stimulus interval.
The order of slides was initially randomized and then
presented in the same order to all participants.
During the slide show, electrodermal activity (in the
form of skin conductance readings) was collected
Phil. Trans. R. Soc. B (2012)

using a pair of AgjAgCl electrodes and standard
psychophysiological equipment. Since eccrine glands
release moisture as part of sympathetic nervous
system activation, and since the rate of movement of
electricity across the surface of the skin is a good indicator of the presence of moisture, electrodermal
activity has long been accepted as a fairly direct and
pure representation of sympathetic activity, making it
a good measure of the psychological concepts of
emotion, arousal and attention. [45]. There are a
number of approaches to measure skin conductance
level (SCL) response to a stimulus; a common
approach is to measure SCL at two different time
points, which can be reported either as a raw or
adjusted difference, or as a percentage or proportion
[45,46]. This approach has the advantage of providing
a means to control for wide variation in baseline electrodermal activity and is the approach followed here.
SCLs for each image were measured as a proportion
of the SCL recorded while the participant was viewing
the fixation point prior to image exposure. This creates
a standardized measure where 1 denotes no change in
SCL between viewing a fixation point and an appetitive/aversive image, and numbers greater than 1
indicate an SCL increase. Several other measurement
approaches were constructed to capture the difference
between SCL during fixation point and SCL during
image exposure, including calculating raw first differences and differences in logged means. The resulting
variables were all correlated at levels greater than
0.90, and we report the proportion measure because
it lends itself to easy and intuitive interpretation.
All of the images used in the present study were
rated by 126 independent judges (none of whom was
a participant in the studies reported here) who were
asked to rate image valence on a nine-point scale
whether each image gave them ‘happy/positive’ [1] or
‘unhappy/negative’ [9] feelings and to rate how
strongly they felt an emotional reaction when looking
at the image. Based on these ratings, the three most
negatively valenced and the three most positively
valenced images were selected for use during the
physiological session. The negative (aversive) images
were a spider on a man’s face (mean valence rating
7.65, s.d. ¼ 1.68), an open wound with maggots in it
(mean valence rating 7.94, s.d. ¼ 1.15), and a crowd
fighting with a man (mean valence rating 7.83,
s.d. ¼ 1.16). The three images judged to be the most
positive (appetitive) were of a happy child (mean
valence rating ¼ 4.94, s.d. ¼ 2.33), a bowl of fruit
(4.36, s.d. ¼ 2.21) and a cute rabbit (4.62, s.d. ¼
2.33). Raters were also asked to report the specific
emotion they felt when looking at each image. The
most frequently reported emotion for the spider
image was fear (78% of raters reported the image
evoked this emotion), for the maggot image, the
most frequently reported emotion was disgust (96%),
and for the crowd fighting with a man, the most frequently evoked emotion was anger (76%). Thus,
these images would seem to capture an array of different negative emotional responses. Positive emotions
have fewer discrete categories and, according to the
raters, the most frequently evoked emotion for all
three appetitive images was happiness.
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Table 1. Predicting political orientations with differential
skin conductance reactivity to appetitive and aversive
images. Dependent variable is an aggregate of standardized
scores on the Wilson – Patterson index, society works best
items, a seven-point political ideology scale and a sevenpoint party identification scale, scored such that higher
values indicate political orientations towards the right of the
political spectrum.

1.010
skin conductance change

M. D. Dodd et al. 643

1.005
1.000
0.995
0.990
0.985
0.980
aversive

appetitive

Figure 1. Mean skin conductance change (in microsiemens)
as a function of political temperament (left versus right) and
image type (appetitive versus aversive). Triangles with solid
line, right-of-centre; squares with solid line, left-of-centre.

The relation between political temperament and
electordermal increases in response to aversive/appetitive images was initially examined by dividing
participants at the mean on the composite measure
of political orientations and then plotting separately
the physiological response for the left-of-centre and
right-of-centre groups. The consistent empirical finding in psychophysiology is that, while participants
exhibit an enhanced physiological response to both
appetitive and aversive stimuli, the response is typically
greater for aversive stimuli [39]. Consistent with the
theory outlined above and with previous research on
narrower emotions [18,21], the hypothesis is that individuals on the right side of the political spectrum will
exhibit increased electrodermal activity when viewing
aversive images while those on the left side will exhibit
increased electrodermal activity, in relative terms,
when viewing the appetitive images. This prediction
is confirmed by a 2 (image type: appetitive versus
aversive) ! 2 (ideology: left versus right) mixed analysis of variance (ANOVA) as there is a significant
interaction between image type and ideology (F ¼
5.60; p , 0.05). As can be seen in figure 1, electrodermal increases for those on the political right are
greater for aversive relative to appetitive images,
whereas for those on the political left the opposite
pattern of results is exhibited.
Though these initial findings are suggestive, political
orientations are better characterized as continuous
rather than dichotomous since many individuals are
political moderates rather than ideologues. Moreover,
other variables besides physiological patterns are
likely to be relevant to political orientations. Therefore,
we regressed the continuous measure of political
orientation on the mean difference in physiological
response depending on stimulus type (skin conductance increase in response to appetitive subtracted
from skin conductance increase in response to
Phil. Trans. R. Soc. B (2012)

skin conductancea
age
gender
income
education
constant
n ¼ 46
R 2 ¼ 0.39;
adj. R 2 ¼ 0.31

estimated
coefficient

standard
error

12.17**
20.04
20.36
20.09
20.25*
5.66

4.13
0.02
0.30
0.10
0.10
0.59

a

Degree to which skin conductance increases were greater for
aversive than appetitive stimuli.
*p , 0.05; **p , 0.01 (two-tailed tests).

aversive), as well as on four standard demographic
controls: age, gender, income and education. Higher
values on the composite measure of political ideology
indicate right-of-centre orientations and higher values
on the physiological measure indicate relatively greater
electrodermal increases to aversive stimuli, meaning
that a positive relationship is expected. As can be
seen in table 1, only one of the control variables is significantly related to political orientations: increasing
levels of education correlate with left-of-centre political
orientations. Importantly, however, relatively greater
electrodermal increases when viewing aversive stimuli
are indeed a strong predictor of right-of-centre political
beliefs (b ¼ 12.17; p , 0.01).
A parallel but more politically focused test of this
hypothesis is afforded by the fact that people who
care about politics (such as the group of participants
being analysed here) are likely to find visible political
figures to be either appetitive or aversive. Though
there could be numerous reasons for a politician to
be viewed favourably or unfavourably, an important
factor for most politically attuned individuals is the
degree of ideological similarity between themselves
and the politician in question. A politician with an
ideology that is consistent with that of the respondent
is more likely to be viewed as appetitive, whereas a
politician with an ideology that is inconsistent with
that of the respondent is more likely to be viewed as
aversive. Given the results in figure 1, we hypothesized
that the electrodermal responses of individuals on the
right would be greater, in relative terms, to ideologically dissimilar politicians, whereas the electrodermal
responses of individuals on the left would be greater,
in relative terms, to ideologically similar politicians.
Kaplan et al. [47] report that neural activity in the dorsolateral pre-frontal cortex, the anterior cingulate
cortex and the insula increased when political partisans viewed images of candidates from the opposing
party (compared with images of the favoured party),
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Table 2. Predicting political orientations with differential
skin conductance reactivity to ideologically similar and
ideologically dissimilar political images. Dependent variable
is an aggregate of standardized scores on the Wilson –
Patterson index, society works best items, a seven-point
political ideology scale and a seven-point party
identification scale, scored such that higher values indicate
political orientations towards the right of the political
spectrum.

skin conductance change

1.02

1.01

1

0.99

0.98

0.97
aversive

appetitive

Figure 2. Mean skin conductance change (in microsiemens)
as a function of political temperament (left versus right) and
political image type (appetitive versus aversive). Triangles
with solid line, right-of-centre; squares with solid line,
left-of-centre.

but these researchers did not analyse partisan groups
separately, meaning it is unknown whether activation
to the opposing party was more noticeable among
those on the right than among those on the left.
Images of well-known American political figures
were included in the 33 stimuli presented; specifically,
pictures of Ronald Reagan, Bill Clinton, Hillary
Clinton and George W. Bush. These four seem appropriate since at the time of the study (summer of 2007),
Barack Obama, John McCain and Sarah Palin had not
yet arrived on the national political scene and pre-tests
indicated that many participants could not identify
pictures of other important national politicians,
including (then Vice President) Richard Cheney,
(then Speaker of the House) Nancy Pelosi and the
previous two Democratic presidential nominees: John
Kerry and Al Gore.
To test the hypothesis that left-of-centre participants
respond more to ideologically similar (appetitive) politicians while right-of-centre participants respond more to
ideologically dissimilar (aversive) politicians, a definition
of ideological similarity is necessary. The ideology of the
aforementioned four politicians is relatively easy to categorize. As of mid-2007, Bill and Hillary Clinton were
nationally visible politicians associated with the left, just
as George W. Bush and Ronald Reagan were highly salient
touchstones of the right. Indeed, polls at the time
suggested that George W. Bush and Hillary Clinton
were the most polarizing political figures in American
politics—and Ronald Reagan and Bill Clinton, as
former two-term presidents on quite different sides of
the ideological ledger, were still able to incite passions.
The ideology of those participating in the physiological
exercise was assessed with the same composite measure
as before and the central measure of physiological
change was again mean increase in the participants’
SCLs from the preceding inter-stimulus interval to the
images (pictures of politicians) in question.
Phil. Trans. R. Soc. B (2012)

skin conductancea
age
gender
income
education
constant
n ¼ 46
R 2 ¼ 0.35;
adj. R 2 ¼ 0.27

estimated
coefficient

standard
error

8.99**
20.03
20.39
0.01
20.29**
5.42

3.63
0.02
0.31
0.11
0.10
1.14

a

Degree to which skin conductance increases were greater for
ideologically dissimilar than for ideologically similar politicians.
*p , 0.05; **p , 0.01 (two-tailed tests).

Figure 2 presents the electrodermal response of
participants on the left and participants on the right
to images of politicians either ideologically similar
to or different from the participant. As expected, the
pattern of responses is similar to what was observed in
figure 1. The increase in electrodermal activity of
right-of-centre participants is greater for politicians
with whom they are in ideological disagreement
than for politicians with whom they are in ideological
agreement, whereas the electrodermal activity of
left-of-centre participants is greater for politicians
with whom they are in ideological agreement than for
politicians with whom they are in ideological disagreement. This was confirmed by a 2 (image type:
appetitive versus aversive) ! 2 (ideology: left versus
right) ANOVA as there is a significant interaction
between image type and ideology (F ¼ 10.86; p ,
0.01) but no other significant effects or interactions.
Thus, whether the focus is on generically aversive/
appetitive stimuli or on specifically political stimuli, the
results suggest that individuals on the left are more
responsive to appetitive relative to aversive stimuli,
while individuals on the right are more responsive to
aversive relative to appetitive stimuli.
Converting political orientation from a dichotomous
to a more appropriate continuous form and adding the
same controls as included in table 1 underscores these
conclusions. As can be seen in table 2, political orientation is strongly predicted by electrodermal response
to ideologically similar and dissimilar political figures.
The further respondents are to the political right, the
more their electrodermal response to negative images
tends to outstrip their response to positive images
(b ¼ 8.99; p , 0.01). The control variables are, again,
not significantly related to political orientation with
the exception that increasing levels of education are
associated with left-of-centre political orientations.
Further tests should be run in case there is something
particular about the political images employed here

Downloaded from rstb.royalsocietypublishing.org on January 14, 2013

Physiology, cognition, politics
but these initial indications are consistent with the
results in table 1 and figure 1.
3. STUDY 2: ATTENTIONAL PATTERNS
Though physiology constitutes one element of orientation to categories of stimuli, a more complete
understanding of the manner in which individuals
are situated with respect to the aversive and the appetitive in life can be obtained by determining if
individuals have attentional biases to particular stimulus types. Accordingly, we designed and administered
a freeview eyetracking study in which individuals
could direct their gaze towards either appetitive or
aversive images when both types are present.
Participants in this study were undergraduates
drawn from the psychology student subject pool at
the University of Nebraska-Lincoln. Using an SR
Research Ltd. EyeLink II system connected to a
Pentium IV PC, participants were seated approximately 44 cm from the computer screen and viewed
a series of collages for 8 s each, during which time
participants were free to view the images in any
manner they desired. At the end of the viewing
period, a fixation point appeared on the screen until
the space bar was pressed by the participant to initiate
viewing of the next collage. Each collage was composed of four equally sized images, most taken from
the IAPS database of pre-validated images [48] and
others previously pre-rated from a separate study.
Appetitive images were drawn from the top 20 per
cent of positively rated images and aversive images
were taken from the top 20 per cent of negatively
rated images. Six of the collages contained three aversive images and one appetitive image, and six other
collages contained three appetitive images and one
aversive image. Critically, all participants saw the
same set of collages.
The eyetracker allows for real-time recording of
gaze behaviour, making it possible to document
where in the collage the participant looks, when, and
for how long. As such, our investigation focused on
two critical measurements: Dwell time (ms)—the
amount of time spent on each image in the collage,
and first fixation time (ms)—the amount of time elapsing relative to the onset of the trial before participants
look at each image type. To calculate gaze orientation
to aversive as opposed to appetitive stimuli, the mean
total amount of time the participants fixated the aversive quadrant (for those six trials on which such
an image was the unique quadrant) was determined.
The same calculation was then made for those six
trials in which the appetitive image was the unique
quadrant. Importantly, eyetracking is the only attentional measure that allows for an examination of not
only bias towards specific items, but also avoidant behaviour. Given that those on the right exhibit greater
increases in electrodermal activity when viewing aversive stimuli, it is worthwhile to determine whether
they are biased towards or away from aversive stimuli
when given a choice of multiple images to view.
To determine political orientation, participants were
asked to indicate party identification, in addition to
completing the Wilson– Patterson issue battery and
Phil. Trans. R. Soc. B (2012)
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the ‘society works best’ battery of broader political
preferences (see electronic supplementary material,
appendices). As before, these indicators are combined
by first weighting them equally and then creating
an additive index. These procedures allowed each
participant to be assigned an overall ideological score,
with higher numbers indicating location further to the
political right. Dividing these scores at the median
makes it possible to divide participants into those who
are (in relative terms) on the left and those who are
on the right. Given that the control variables in the
previous study were unrelated to political orientation
(except for education, which would be invariant
for this student sample), they were not collected
here. Seventy-six participants completed both the
eye gaze exercise and all the necessary survey items.
The mean dwell time results for both collage types
(single aversive image versus single appetitive image)
can be observed in figure 3 separately for the 38 participants furthest to the left and then for the 38
participants furthest to the right.
A 2 (image type: appetitive versus aversive) ! 2
(collage type: single aversive versus single appetitive) ! 2 (ideology: left versus right) mixed ANOVA
revealed a main effect of image type (F ¼ 41.14; p ,
0.01) as aversive stimuli are given more attention overall than appetitive stimuli. As mentioned above, from
an evolutionary standpoint, this pattern makes sense
since aversive stimuli can do harm and therefore
merit more attention than stimuli that seem pleasant
and probably harmless [26]. There is also a main
effect of collage type (F ¼ 34.04, p , 0.01), as an
increase in the number of aversive images led to differences in dwell time for the various image types, as also
indicated by a significant image type ! collage type
interaction (F ¼ 21.36, p , 0.01). Moreover, there is
a main effect of ideology (F ¼ 7.09; p , 0.01), but
the critical test of the hypothesis that individuals on
the political right pay more relative attention than
individuals on the political left to aversive stimuli is
the interaction between image type and ideology.
This interaction is significant (F ¼ 3.75; p ¼ 0.057).
Those on the left devote more attention to aversive
than appetitive images; however, as expected, this
‘aversion bias’ is much more pronounced for the politically right half of the sample. For both trial types
(single aversive versus single appetitive), in relative
terms, individuals on the right spend a greater
amount of time gazing at aversive images while individuals on the left spend a greater amount of time
gazing at appetitive images.
Though total dwell time is an important measure,
additional insight can be drawn from analysing first
fixation time—the amount of time that elapses after
the onset of the trial before participants look at each
image type. Dwell time results relate to the total time
spent gazing at an image, while first fixation time provides a measure of attentional bias in terms of how
quickly an aversive or appetitive image is fixated. It is
important to note that whereas large dwell time
values are indicative of an attentional bias towards an
image, small (rather than large) first fixation time
values are also indicative of an attentional bias towards
an image as lower values are representative of faster
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Figure 3. Mean dwell time values (in milliseconds) as a function of image type and trial type for left-of-centre and right-ofcentre participants. (a) Represents dwell time on trials in which three appetitive and one aversive image are presented (predominantly appetitive), whereas (b) represents dwell time on trials in which one appetitive and three aversive images are
presented (predominantly aversive). Note that the values reported are the average dwell time for each individual image, so
on a trial with three appetitive images, the total dwell time for all appetitive stimuli would be the reported number multiplied
by 3. Triangles with solid line, right-of-centre; squares with solid line, left-of-centre.

orientation. Consistent with theory and the results
above, we hypothesize that, relative to those on the
left, those on the right will be faster to orient to
aversive images.
All of the main effects and interactions observed
in the dwell time analyses above are also observed
for the first fixation time analyses, with the exception
of there being no main effect of political orientation
(F ¼ 75.08, p , 0.01 for the main effect of image
type; F ¼ 7.28, p , 0.01 for the main effect of collage
type, and F ¼ 8.26, p , 0.01 for the interaction
between image type and collage type). Critically, however, there is again an interaction between image type
and ideology (F ¼ 10.62, p , 0.01). As can be seen in
figure 4, those on the political left fixate appetitive
images more quickly than those on the political right
while those on the political right are faster to fixate aversive images relative to participants on the political left.
As in the physiology study, these findings can be
enriched by using a continuous rather than dichotomous measure of political orientation. The continuous
version of the composite measure of political orientation
correlates with attentional bias towards aversive stimuli
as it relates to both dwell time (r ¼ 0.32; p , 0.01)
and first fixation time (r ¼ 20.19, p , 0.05). These correlations further confirm that political orientations
tending towards the right of the spectrum are associated
with both faster orienting towards, and greater total
time spent attending to, aversive relative to appetitive
images whereas the opposite is true for participants on
the left of the ideological spectrum.
4. DISCUSSION
Research placing politics in a deeper biological context
is growing, and helpful reviews are available [49,50]
but research focusing directly on the physiological
Phil. Trans. R. Soc. B (2012)

and especially cognitive differences of individuals
with specific ideological leanings is still in its infancy.
Our goal here was to further understand the nature
of political differences by combining physiological
and attentional measures in the same study. Doing
so permits useful interpretational advances.
Our core finding is that, compared with individuals
on the political left, individuals on the right direct
more of their attention to the aversive despite displaying
greater physiological responsiveness to those stimuli.
This combination of physiological and attentional
data is worth considering further. Previous research
on the broader bases of political ideology is often interpreted as suggesting that locations on the right of the
political spectrum are a deviation from the norm (or
even a pathology) in need of explanation [10,51]. For
example, McClosky [52, p. 40] concludes those on
the right are ‘distrustful of differences . . . fear change,
dread disorder, are intolerant of nonconformity, and
derogate reason’ while Block & Block [53, p. 395]
find that those on the right are ‘easily victimized,
easily offended, indecisive, fearful, rigid, inhibited,
relatively over-controlled and vulnerable’.
Demonstrating that those on the right not only
respond more strongly to aversive images but also
devote more attention to aversive images suggests a
different and perhaps less value-charged interpretation
of those holding right-of-centre political orientations.
It appears individuals on the political right are not so
much ‘fearful’ and ‘vulnerable’ as attuned and attentive to the aversive in life. This responsiveness and
attentiveness, in turn, is consistent with the fact that
right-of-centre policy positions are often designed to
protect society from out-group threats (e.g. by supporting increased defence spending and opposing
immigration) and in-group norm violators (e.g. by
supporting traditional values and stern penalties for
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Figure 4. First fixation time values (in milliseconds) as a function of image type and trial type for left-of-centre (square with
solid line) and right-of-centre participants (triangle with solid line). (a) Represents first fixation time to image types on trials in
which three appetitive and one aversive image are presented (predominantly appetitive), whereas (b) represents first fixation
time to image types on trials in which one appetitive and three aversive images are presented (predominantly aversive).
Note that unlike dwell time—in which large values represent a greater attentional bias towards an image—small first fixation
time values represent a greater attentional bias towards an image given that the lower the value, the faster the image was fixated.

criminal behaviour). Rather than using colourful
adjectives, perhaps, the proper approach is simply to
state that the aversive in life appears to be more physiologically and cognitively tangible to some people and
they tend to gravitate to the political right.
As such, these results suggest that a simple distinction
between approach and avoidant behaviours may be
incomplete. Quite apart from whether an aversive situation is approached or avoided, it apparently is possible
to attend to it even when it generates substantial physiological response. This is precisely the pattern in evidence
among many of those on the political right. Seen from
this perspective and given the compelling evolutionary
logic for organisms to be particularly sensitive to aversive
stimuli [26], it may be that those on the political left are
more out of step with adaptive behaviours. The question
becomes why those on the left display so little aversion
bias either in their physiology or, to a lesser extent, in
their patterns of attention despite the acknowledged
adaptive value of an aversion bias. Of course, the naturalistic fallacy reminds us that behaving in an adaptive
fashion does not necessarily equate with behaving in a
desirable fashion.
Be this as it may, the central message of these
findings is not that one political orientation is somehow superior to the other but rather that, in light of
the connection between location on the political
spectrum and physio-cognitive differences, those on
the political right and those on the political left may
simply experience the world differently. It is probably
because of these differences that some on the right
view those on the left as hedonists who ignore pressing
issues while some on the left view those on the right
as doomsayers who obsess over constructed threats
and problems.
What does the evidence that political orientations
are grounded partially in physiological and cognitive
Phil. Trans. R. Soc. B (2012)

experiential differences mean for cultural conflict? At
first blush, the implications may appear dire; after
all, the absence of an objective reality would seem to
render fruitless any attempt at reasoning towards an
optimal political solution. On the other hand, for several reasons, the normative implications regarding
cultural conflict may not be the cause for alarm.
First, our physiological study was weighted towards
participants with strong political beliefs and therefore
the results do not reflect the large percentage of individuals who probably are not physio-cognitively
predisposed towards any political orientation. These
individuals, often found in the political centre, likely
are open to efforts at political persuasion.
Second, many of the individuals who do display
politically relevant physiological and cognitive predispositions may be capable of changing. The ultimate
source of physiological and cognitive predisposition is
still to be determined (our results say little about ultimate sources), but is almost certainly a combination
of genetics, early developmental experiences and
more immediate environmental events. Physiological,
neurological and cognitive patterns, for example, are
known to be relatively stable over time [54] but hardly
immutable [55]. What is suggested by our results is
that for many, but certainly not all, of those individuals
professing ideological convictions, their political beliefs
have become biologically instantiated in a fashion that
renders them sticky and slow to change—somewhere
between wholly static and completely malleable.
Evidence that political orientations are often physiologically and cognitively instantiated leads to the
conclusion that change is possible but likely grudging
and indeed this phrase seems an apt description of the
lack of fluidity of the political positions of those with
strong orientations. This evidence also implies that distinct campaign and advertising appeals are likely to be
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differentially effective for those on the political right
and those on the political left.
Finally and most hopefully, the choice available to
society is not between people whose political orientations are either completely changeable or to some
extent biologically predisposed. Rather, the choice is
between recognizing that physiological and cognitive
patterns lead to politically relevant variations in the
manner in which the outside world is experienced or,
alternatively, pretending that political orientations are
rational, free-floating and unencumbered. Given this
choice set, we suggest that there are real advantages
to embracing the relevance of these deeper, biological
variables. After all, it is far easier to tolerate differences
if they are recognized to be in part biologically based
(consider the debate over homosexuality where those
acknowledging a biological source are typically more
tolerant than those maintaining sexual preference is
entirely environmentally determined). Rather than
believing those with political views opposing ours are
lazily uninformed or wilfully obtuse, political tolerance
could be enhanced and cultural conflict diminished if
it is widely recognized that at least part of our political
differences spring from subconscious physiological
and cognitive variations that lead people to experience
the world in fundamentally different ways and therefore to believe that fundamentally different political
policies are appropriate.
This research was supported by National Science
Foundation grant BCS-0826828, John Hibbing, Principal
Investigator. We would like to thank Billy Kuehn for his
assistance in data collection.
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W

e present, test, and extend a theoretical framework that connects disgust, a powerful basic
human emotion, to political attitudes through psychological mechanisms designed to protect
humans from disease. These mechanisms work outside of conscious awareness, and in modern
environments, they can motivate individuals to avoid intergroup contact by opposing immigration. We
report a meta-analysis of previous tests in the psychological sciences and conduct, for the first time, a series
of tests in nationally representative samples collected in the United States and Denmark that integrate
the role of disgust and the behavioral immune system into established models of emotional processing
and political attitude formation. In doing so, we offer an explanation for why peaceful integration and
interaction between ethnic majority and minorities is so hard to achieve.

C

onventional models of political decision-making
implicitly assume that citizens form opinions
about politics through conscious thought. Even
if political attitudes ultimately derive from deep emotional attachments to group loyalties developed early
in life (Campbell et al. 1960), people nonetheless consciously survey the considerations that are at the “top
of their heads” at the moment of making a decision
(Zaller 1992). The past two decades of research in the
neurosciences challenges this simple and intuitive assumption. Much of human decision-making takes place
outside of conscious awareness (Bargh and Chartrand
1999). The brain nonconsciously processes information, automatically imbuing it with emotional content,
allowing only a fraction to reach conscious awareness.
Even though people are unaware of “seeing” sublim-
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inally presented images, for instance, the emotional
states that they cause influence unrelated decisions
(Brooks et al., 2012).
These insights have just begun making inroads into
political science. Extraneous stimuli, such as music embedded in advertising or images presented outside of
conscious awareness, can induce emotional reactions
that influence political attitudes and evaluations (e.g.,
Albertson and Gadarian 2015; Banks and Valentino
2012; Brader 2006; Lodge and Taber 2013). From
the perspective of conventional models of political
decision-making, these findings seem like parlor game
tricks that fail to capture how people actually form political attitudes. Perhaps in a laboratory, the argument
could go, people act in strange ways, but automatic processes should have less influence in real world settings
where people have the time and space to engage in
conscious reflection.
However, once we consider that the automatic processes in the human mind evolved well before conscious cognition, it makes sense that the brain should
be quite capable of making complex and important
life-and-death decisions without needing input from
the conscious mind. Indeed, from this perspective, the
automatic processes’ speed and ability to continually
scan the environment are crucial (e.g., Gray 1987).
Over the course of human evolution, the mind was
endowed with many specialized mechanisms designed
to deal with recurring threats faced by our ancestors
(Barkow, Cosmides, and Tooby 1992; Cesario et al.
2010; Petersen 2015). Because different threats often
require unique responses, these mechanisms use different emotional states—anxiety, disgust, jealousy, etc.—
to motivate different behaviors (Cottrell and Neuberg
2005). In modern democratic societies, a key function
of government is to enact policies that provide security and safety from external threats. Thus, there is
reason to expect that the deep-seated evolved mechanisms that helped our ancestors defend against threats
also influence current-day policy preferences (Petersen
2015).
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In this article, we demonstrate the effects of an important specialized set of mechanisms designed to protect humans from threats caused by pathogens: the behavioral immune system (e.g., Schaller 2006). The behavioral component of the immune system works outside conscious awareness (Tybur et al. 2013) and uses
feelings of disgust to motivate avoidance of potentially
infected objects and people (e.g., Schaller and Neuberg
2012). Because pathogens can be lethal but extremely
hard to detect, the behavioral immune system evolved
to be hypervigilant against unfamiliar stimuli, including
unfamiliar individuals. In the evolved mind, we argue,
differences in appearance (such as the color of one’s
skin) are intuitively misinterpreted as cues of infectious
diseases, rather than harmless differences in levels of
melanin. As the history of institutionalized racial segregation and current day opposition to immigration show,
public discourse readily associates contamination risk
with outgroups, seeking to separate supposedly unclean outgroups from the clean (or “pure”) ingroup.
We investigate the political implications of the behavioral immune system’s hypervigilance by studying
its effect on opposition to immigration. We focus on immigration, because it is one of the most divisive issues
in Western democracies today (e.g., Brader, Valentino,
and Suhay 2008; Citrin et al. 1997; Malhotra et al.
2013; Sniderman et al. 2004). Indeed, the rise of antiimmigration candidates and parties is fundamentally
reshaping the political landscapes in both the United
States and Europe. In particular, we argue that individuals with sensitive behavioral immune systems (i.e.,
those who are prone to experience disgust) unconsciously tag immigrants as bearers of pathogens and experience strong motivations to avoid them. In building
this theoretical claim, we incorporate disgust and the
behavioral immune system into the standard political
science models of emotional processing. These models
have emphasized anxiety as the key emotion motivating vigilance against perceived threats (e.g., Albertson and Gadarian 2015; Brader, Valentino, and Suhay
2008; Markus, Neuman, and MacKuen 2000). Yet, an
emerging line of research suggests that disgust may be
distinct from anxiety and give rise to unique behavioral
responses (Banks and Valentino 2012). At the same
time, however, there is no clear consensus about the
exact nature of these responses. Originally, researchers
proposed that disgust underlies motivations to adopt
conservative ideologies as a way to avoid negative
outcomes (Hibbing, Smith, and Alford 2014; Terrizzi,
Shook, and McDaniel 2013), but recent findings suggest
that disgust shapes support for “protective” policies,
be they liberal or conservative (Kam and Estes 2016).
Such disparate findings call for a more refined perspective on the politics of disgust (cf. Banks and Valentino
2012).
To meet this call, this article utilizes an evolutionary
perspective on disgust to reach four specific goals. First,
using evolutionary principles, we refine and extend extant theoretical models of emotional processing in political science. Second, we critically evaluate empirical
studies in the biological and psychological sciences that
advance the claim that the behavioral immune system
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shapes immigration attitudes (e.g., Faulkner et al. 2004,
Green et al. 2010, Navarrete and Fessler 2006) through
a meta-analysis, uncovering a number of empirical and
theoretical gaps. Third, we address these gaps through a
suite of observational and experimental studies drawn
from nationally representative samples in the United
States and Denmark. We find consistent evidence that
the behavioral immune system shapes immigration attitudes over and beyond standard explanations in extant political science models: education, ideology, and
economic interests. Finally, we consider the broader
implications of the notion that unconscious pathogenavoidance motivations lead some people to adopt particular political attitudes. Specifically, we demonstrate,
for the first time, how individual differences in the
propensity to feel disgust frustrate standard social science approaches to facilitating acceptance of ethnic
differences. We conclude by discussing how the behavioral immune system may generate ideological belief
systems that cut across the constraints generated by
dominant elite discourse.

THE BEHAVIORAL IMMUNE SYSTEM AND
DISGUST
Disease constitutes a fundamental threat to human
fitness, and the immune system is our most complex
physiological system dedicated to the challenge of defending against pathogens. What may perhaps be less
appreciated is that over the course of evolution, humans also developed a behavioral immune system at
the psychological level that continuously scans for potential pathogen threats (e.g., infected food, objects, or
people) outside of cognitive awareness and, upon detection, motivates individuals to take precautions that
help avoid coming into contact with pathogens in the
first place (Oaten, Stevenson, and Case 2009; Schaller
and Duncan 2007; Schaller and Neuberg 2012; Tybur
et al. 2013).
The behavioral immune system operates through a
cluster of psychological mechanisms that activate both
affective and cognitive responses designed to counter
perceived pathogen threats. Pathogens are invisible
to the naked eye and, at the dawn of humankind,
completely outside of human knowledge (Tybur and
Lieberman 2016). To avoid pathogens, however, our
ancestors did not need to know of their existence, just to
behave as if they did. This is the evolved function of the
automatically operating behavioral immune system.
Specifically, the behavioral immune system is designed
to defend against pathogens by treating specific cues
“as information regarding the statistical likelihood that
pathogens are present” (Tybur and Lieberman 2016, 7).
These cues reflect the “superficial sensory signals” that
over the course of evolution correlated with pathogen
presence, such as wounds or bodily fluids (Schaller
and Duncan 2007, 296). Importantly, the system is
not perfectly calibrated to detect the presence of actual pathogens. Instead “given the asymmetry in costs
of false alarm versus misses” (Tybur and Lieberman

2016, 7), it is hypervigilant and errs on the side of
treating any cue of disease as a potential threat.
Once the behavioral immune system identifies a
potential pathogen threat, it activates its consciously
accessible output: feelings of disgust that motivate individuals to retreat from potentially infected objects
(Tybur, Lieberman, and Griskevicius 2009). As a basic
human emotion (along with, e.g., anger, anxiety, and
sadness), disgust exists across cultures (Tomkins and
McCarter 1964) and exhibits common physiological
features, such as universally recognized facial expressions and nausea (Rozin, Haidt, and McCauley 2000).
Given the crucial role that disgust plays within the
behavioral immune system, we find it useful to place
it in the context of the affective intelligence theory (Markus, Neuman, and MacKuen 2000), which is
the standard model for how emotions shape political
attitudes and behavior. Drawing on Gray’s (1987)
work, the affective intelligence model contends that
specific emotions arise from two neural systems that
operate continuously and automatically to sort information we encounter, identify dangers and threats, and
provide feedback about how to attain our goals (e.g.,
survival). The disposition system evaluates whether our
goals are being met. When they are, we experience enthusiasm, providing positive feedback, and when they
are not, we experience sadness as a form of negative feedback. The surveillance system scans the environment for threats and draws our attention when a
perceived threat is present. The affective intelligence
model concentrates on the role that anxiety plays in
focusing our attention toward dealing with the threat,
and perhaps as a result, the lion’s share of work on
how perceived threats (e.g., from economic instability
or terrorism) affect political attitudes and behavior focuses on anxiety (e.g., Albertson and Gadarian 2015;
Arceneaux 2012; Brader 2006; Brader, Valentino, and
Suhay 2008).
Yet different types of threats require different behavioral responses (Kenrick et al. 2010). Pathogen
threats are distinct from other evolutionarily recurrent threats, such as violence or predators, in that
one cannot see pathogens nor confront them effectively through brute force. If one accidentally consumes
tainted food, for instance, the best strategy is to expel
the contents of one’s stomach quickly. Disgust achieves
this particular behavioral response through nausea and
vomiting. It also motivates people to avoid sources of
potential contamination and engage in precautionary
behaviors, such as washing.
As a system for threat management, we place the
behavioral immune system within the surveillance system of the affective intelligence model.1 Its purpose is
to scan for pathogen threats and trigger disgust when
1 Marcus, Neuman, and MacKuen (2000, 164) place disgust in the
dispositional system because it causes individuals to form lasting
negative associations. Although we certainly agree that disgust serves
this function, it is important to separate feelings of disgust caused
by the behavioral immune system in response to an immediate perceived pathogen threat from its downstream effects. In this way, emotions can serve multiple functions. As a component of the behavioral
immune system, disgust is an adaptive response to pathogen threat.

detecting cues that the behavioral immune system associates with the presence of pathogens. Although the
behavioral immune system focuses on the specific motivational output and effects of disgust, we are not asserting that anxiety plays no role. Just as anxiety and
anger work in tandem to confront controllable threats
(Valentino et al. 2011), it is quite possible that anxiety helps activate the behavioral immune system. The
important point is that disgust plays an independent
role in motivating people to retreat and take protective
behaviors in the face of pathogen threats, and this has
distinct implications for people’s political attitudes.

BEHAVIORAL IMMUNE SENSITIVITY AND
POLITICAL ATTITUDES
The behavioral immune system can influence political attitudes by predisposing people to prefer specific
policies, particularly ones that reduce the likelihood of
coming into contact with pathogens (real or imagined).
Given the automatic operations of the behavioral immune system (Tybur et al. 2013), individuals may not be
conscious that their attitudes are shaped by psychological mechanisms designed to protect from pathogens.
Although all humans possess a behavioral immune
system, the sensitivity of this system varies across individuals (e.g., Schaller and Duncan 2007, 299). Some
people are more easily disgusted, worry more about
contamination, and avoid sources of pathogens more
actively than others. Just as it would have been disastrous for our ancestors to indiscriminately approach
all objects and people in the environment, it would
have been equally disastrous to forgo establishing new
potentially beneficial relationships by avoiding all contact. Therefore, individuals must trade off the cost and
probability of becoming infected with the cost and
probability of foregoing cooperation and exchanges
(Aarøe, Osmundsen, and Petersen, 2016; Tybur and
Lieberman 2016). These costs and probabilities vary
across individuals and contexts (see Al-Shawaf and
Lewis 2013; Fessler, Eng, and Navarrete 2005; Fessler
and Navarrete 2003). Accordingly, the behavioral immune system is “functionally flexible,” calibrating its
response to the threat posed by the environment (Curtis, de Barra, and Aunger 2011) and the individual’s
ability to cope with it (Schaller and Duncan 2007).
For our purposes, variation in disgust sensitivity provides a window into how the behavioral immune system shapes political attitudes. People who become disgusted easily should be more apt to support policies
that reduce (or seem to reduce) their probability of
coming into contact with pathogens. We demonstrate
the political implications of the behavioral immune
system by investigating its effects on opposition to
immigration, which has emerged as a consequential
and polarizing fault line in Western democracies over

It causes people to take protective measures. Once the pathogen
threat is no longer present, negative associations caused by disgust
reactions may remain to keep the person away from the source of
contamination.
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the past decades. Extant research in political science
points to two broad factors that contribute to opposition to immigration: (1) the desire to preserve socially
accepted cultural norms and values, particularly among
individuals with less education and a less cosmopolitan
worldview (e.g., Coenders and Scheepers 2003; Hainmueller and Hiscox 2007; Sniderman, Hagendoorn,
and Prior 2004; Wright, Citrin, and Wand 2012), and
(2) concerns over economic competition and job insecurity, with low-income low-skilled individuals being
more opposed (e.g., Brader, Valentino, and Suhay 2008;
Hainmueller and Hiscox 2010; Key 1949).
An emerging line of research, largely in the
psychological and biological sciences, contends that
opposition to immigration also arises from deeper psychological predispositions shaped by the behavioral
immune system. This research proposes that immigrants can trigger the behavioral immune system and
disgust reactions which motivate anti-immigration sentiments (e.g., Faulkner et al. 2004; Hodson et al. 2013;
Huang et al. 2011, Navarrete and Fessler 2006). There
are two possibilities for why the behavioral immune
system perceives different others as potential pathogen
threats. The first is that humans developed an adaptive
predisposition against unfamiliar outgroups, because
individuals from other groups and regions potentially
carried different pathogens during our evolutionary
history (e.g., Faulkner et al. 2004; Fincher and Thornhill 2012). The second possibility is that the proclivity
to perceive different others as pathogen threats is a
byproduct, rather than adaptive predisposition, of a
tendency to be hypervigilant against anything and everyone that appears unfamiliar (Aarøe, Osmundsen,
and Petersen 2016). For instance, individuals tend to
treat many physical deviations from the statistically
normal phenotype within their ingroup as a sign of potential pathogen risk, especially deviations that are similar to actual disease symptoms such as rashes, swelling,
and discoloration.2 Hypervigilance may even extend
beyond signs of physical abnormality to unfamiliar behavioral practices that may connote pathogen risk (e.g.,
poor hygiene or unfamiliar food habits) (Fessler and
Navarrete 2003).
The superficial differences to which the behavioral
immune system is attuned—whether as an adaptation or as a byproduct—are the hallmark of modernday ethnic differences and routinely animate concerns
about immigration. Consequently, physical as well as
cultural differences may be mentally tagged by the behavioral immune system as signs of pathogen risk, eliciting disgust, and causing people to avoid contact with
ethnically different individuals and prefer restrictive
immigration policies. As we explain above, we should
not observe this outcome for everyone. Rather, individuals with higher behavioral immune sensitivity are
more likely to react negatively to perceived sources of
pathogens, including immigrants (e.g., Faulkner et al.
2004).
2

Birthmarks (Ryan et al. 2012), obesity (Park, Schaller, and Crandall
2007), and physical disability (Park, Faulkner, and Schaller 2003), for
example, trigger disgust.
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Given the novelty of this theoretical framework
to political science, we undertook a systematic metaanalysis of the 16 articles published between 2004
and 2014 that investigate the link between measures
of behavioral immune sensitivity and opposition to
immigration. A complete description can be found
in Online Appendix A1–2. From the 16 articles, we
coded 66 empirical tests of the relationship between
behavioral immune system sensitivity and immigration
attitudes.3
The majority of the tests (66%) corroborate the basic
prediction that disgust sensitivity is associated with opposition to immigration. Although our meta-analytical
review offers sufficient evidence to take the notion seriously that behavioral immune sensitivity correlates
with opposition to immigration, it also reveals a number of gaps in this body of scholarship. All of the studies
draw on convenience samples (mostly students) in a
single country (mostly Canada). They tend to be underpowered and report bivariate correlations between behavioral immune sensitivity and immigration attitudes.
Of the observational tests that do include controls, almost all of them fail to account for some of the most
central factors identified in political science research
as correlates of immigration attitudes: education and
income (e.g., Citrin et al. 1997; Coenders and Scheepers
2003; Espenshade and Calhoun 1993; Hainmueller and
Hiscox 2007; McLaren 2001). Only two studies use an
experimental manipulation of disgust to establish the
general causal effect of behavioral immune sensitivity
on immigration attitudes. At the same time, however, it
should be noted that some experimental studies have
moved beyond a main effect of behavioral immune
sensitivity and investigated potential conditional effects (see Online Appendix A2.1). A central focus in
these studies is whether cues related to disease threat
moderate the effect of behavioral immune sensitivity
on opposition to immigration (e.g., Huang et al. 2011;
Reid et al. 2012; see Online Appendix A2.1 for a review). However, the existing studies testing this central
claim (Huang et al. 2011; Reid et al. 2012) draw on small
samples (n = 58–146), increasing the risk of both false
negatives and false positives. In sum, the meta-analysis
indicates that the extant literature is characterized by
limitations related to external and internal validity and
is limited in its integration and comparison with key
political science explanations.

INTEGRATING POLITICAL SCIENCE AND
RESEARCH ON THE BEHAVIORAL IMMUNE
SYSTEM: OVERVIEW OF AIMS AND
SAMPLES
The findings from the meta-analytical review call
for more systematic assessment of the relationship
between behavioral immune system sensitivity and

3 See Online Appendix A1 for supplemental details about the research design and codings for the meta-analysis. See Online Appendix A2 for details on the analyses and results from the metaanalysis as well as analyses of robustness.

immigration attitudes. We believe it is of vital importance to do so for two reasons.
First, this potential relationship offers a crucial test
case for whether deep-seated behavioral predispositions, largely working outside of conscious awareness
and rooted in a computational architecture shaped
by evolution, can influence public opinion on specific,
pressing political issues. If so, it implies that political scientists cannot simply reduce individual disagreements
over public policy to economic and sociological explanations, underscoring the breadth of insight gained
from including biology in our theoretical models of
political behavior (e.g., Fowler and Schreiber 2008; McDermott 2009; Petersen 2012; Smith et al. 2011).
Second, to the extent that opposition to immigrants
is even partially motivated by pathogen avoidance, it
has far-reaching, novel, and testable implications for
understanding how obstacles to achieving ethnic social integration may be more deep-seated and more
difficult to eradicate than extant research implies. We
directly theorize and test how the effects of the behavioral immune system on anti-immigration attitudes
compare to and interact with the factors that political
scientists consider fundamental to the politics of immigration and ethnic tolerance. We demonstrate how the
behavioral immune system frustrates the effects of the
two dominant pathways to peaceful ethnic co-existence
according to classical political science research: (1) motivations to fit in and contribute to society and (2) intergroup contact (e.g., Allport 1954; Brader, Valentino,
and Suhay 2008; Pettigrew et al. 2011; Pettigrew and
Tropp 2006; Sniderman and Hagendoorn 2007).
Achieving these goals, however, requires rigorous
empirical tests of the link between behavioral immune
sensitivity and immigration attitudes that account for
alternative explanations. To this end, we employ a
cross-national research design comprising a number
of cross-sectional surveys as well as survey and laboratory experiments collected in the United States and
Denmark. The United States and Denmark are both
Western democracies, yet in this context they provide
a comparison akin to a Most Different Systems Design.
The United States was largely populated through immigration from all over the world, whereas Denmark
is ethnically homogenous and has historically had low
levels of immigration. In addition, the United States
and Denmark face different challenges from current
waves of immigration, with generous Danish welfare
programs making immigration particularly costly (Sniderman et al. 2014). Our research design thus allows us
to test whether our theoretical argument applies across
these historical and current contingencies.
All together, we rely on four samples, summarized in Table 1 (see Online Appendix A3 for sample characteristics and sampling procedures). Crucially, these studies allow us to (1) increase internal validity by utilizing both experimental designs
and observational designs with extensive statistical
control for potential confounding variables related
to sociodemographics, personality, and political ideology (Samples 1–2 and 4); (2) increase measurement validity by the demonstration of convergent

effects from an array of self-reported measures of behavioral immune sensitivity drawn from previous studies (see Online Appendix A4.1) and an unobtrusive
physiological measure of disgust sensitivity (Sample
3); and (3) increase external validity through nationally representative samples of Americans and Danes
(Samples 1–2).

TEST 1: ARE INDIVIDUALS HIGH IN
BEHAVIORAL IMMUNE SENSITIVITY MORE
OPPOSED TO IMMIGRATION?
The purpose of the first test is to investigate the effect of
behavioral immune sensitivity on anti-immigration attitudes, using representative cross-national survey data
as well as physiological measures. It provides a basic
test of whether general individual differences in attention and reactivity to pathogenic material translate
into attitudinal differences on the issue of immigration. Furthermore, it allows us to compare the effects
of behavioral immune sensitivity with traditional measures related to opposition to immigration—in particular, income (e.g., Espenshade and Hempstead 1996)
and education (e.g., Citrin et al. 1997; Espenshade and
Hempstead 1996).

Materials and Methods
In all four studies, opposition to immigration was measured using a scale including six items, such as “Immigrants improve American [Danish] society by bringing in new ideas and cultures” (see Online Appendix
A4.2). Answers were measured on seven-point scales
ranging from “Strongly disagree” to “Strongly agree”
(αUS Sample 1 = 0.84, αDK Sample 2 = 0.84, αDK Sample 3 =
0.76; αUS Sample 4 = 0.84). The scale was recoded to
range from 0 to 1, with higher values indicating higher
opposition to immigration.
To measure individual differences in behavioral immune sensitivity, our research strategy was to include
several measures, including three of the most established scales in the literature as well as self-reported
and physiological measures. This increases measurement validity and allows us to assess replicability
and robustness of the findings (see Online Appendix
A4.1.1). In the U.S. and Danish nationally representative surveys (Samples 1–2), we utilize the original
five-item contamination disgust subscale from the DSR (Haidt, McCauley, and Rozin 1994; modified by
Olatunji et al. 2007). The contamination disgust subscale taps “disgust reactions based on the perceived
threat of transmission of contagion” (Olatunji et al.
2007, 285) and is based on items from “the most widely
used instrument for assessing disgust propensity” (van
Overveld et al. 2011, 325). Answers to all five items
(e.g., “I never let any part of my body touch the toilet seat in public restrooms”) were measured on five
point scales (αUS Sample 1 = 0.67, αDK Sample 2 = 0.61;
αUS Sample 4 = 0.67, see Online Appendix A4.1.2 for item
wordings). The five-item contamination disgust scale
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TABLE 1.

Type

United States

Web survey

2

Denmark

Web survey

3

Denmark

Laboratory study

4

United States

Web survey

Sampling Protocol

Sample Size

Nationally representative sample (approx.):
Quota-sampled by YouGov to match population on
gender, age, education, and region
Nationally representative sample (approx.):
Quota-sampled by YouGov to match population on
gender, age, education, and region
University students from a major Danish research
university
Socially diverse non-representative sample of White
Americans recruited through Amazon’s Mechanical
Turk (MTurk)

1,321
2,005
42
1,076

was recoded to range from 0 to 1, with higher values
indicating higher sensitivity.4
In Sample 3, we replicate the results from Samples 1–
2 with a physiological measure of sensitivity to disgusting stimuli. As pathogen avoidance motivations can
operate outside consciousness awareness, they can be
difficult to fully capture in self-reports (Smith et al.
2011). Hence, an advantage of a physiological measure
is that it can gauge “nonconscious and nonreportable”
responses (Balzer and Jacobs 2011, 1302; Cacioppo,
Tassimary and Bernston 2007, 2). In the Danish laboratory study, individual differences in behavioral immune sensitivity were measured using the participants’
skin conductance response (SCR) while viewing six
images related to infection risk and disease on a computer screen. The participants’ SCR provide a behavioral measure of individual differences in physiological
arousal in response to the stimuli (Oxley et al. 2008;
Smith et al. 2011; see Online Appendix A4.1.3 for details). Skin conductance responses to the six images
were summed into a single scale ranging from 0 to
1, with higher values indicating strong physiological
response to the images of infection risk and disease.
In Sample 4, we probe the robustness of the results
from Samples 1–2 by also including the more recent and
well-validated seven-item pathogen disgust scale from
the Three Domain Model of Disgust (Tybur, Lieberman, and Griskevicius 2009) and eight-item germ aversion factor from the Perceived Vulnerability to Disease
scale (Duncan, Schaller, and Park 2009). The pathogen
disgust scale measures individual differences in sensitivity to disgust within the pathogen domain that “functions to motivate avoidance of infectious microorganisms” (Tybur, Lieberman, and Griskevicius 2009, 117).
Germ aversion measures “aversive affective responses
to situations that connote a relatively high likelihood
of pathogen transmission” (Duncan, Schaller, and Park
2009, 542). Hence, contamination disgust, pathogen
disgust, and germ aversion all measure individual differences in behavioral immune sensitivity. Accordingly,
4 Online Appendix A.4.1.4 describes the demographic correlates of
contamination disgust and all other measures of behavioral immune
sensitivity in Samples 1–4.
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past studies show strong correlations between contamination disgust and pathogen disgust (r = 0.66, Tybur,
Lieberman, and Griskevicius 2009, 116) and the germ
aversion factor (r = 0.58, Duncan, Schaller, and Park
2009, 544) (see Online Appendix A4.1.1–A4.1.2 for
all measurement details). Both the pathogen disgust
scale and the germ aversion factor possess strong internal consistency (Duncan, Schaller, and Park 2009,
542; Tybur, Lieberman, and Griskevicius 2009, 116)
and generate reliable scales in Sample 4 (αPathogen =
0.83, αGerm = 0.76). Finally, in Sample 4 we also included the contamination disgust scale measured as
in Samples 1–2 (αContamination = 0.67). All three scales
range from 0 to 1, with higher values indicating higher
behavioral immune sensitivity. The wording of all items
in the three self-reported measures of behavioral immune sensitivity, supplementary measurement details
for the physiological measure, descriptive statistics, and
description of the survey flow are reported in Online
Appendix A4.1. and A4.3.
We control for gender, age, education, income, ideology, and race (U.S. Sample 1) in the representative
Danish and U.S. Samples 1–2; for gender, age, and
ideology in the Danish laboratory sample of students
(Sample 3); and for gender, age, education, income,
ideology, and personality as indexed by the Big Five
(Mondak et al. 2010, 29) in the U.S. MTurk Sample 4
(but not race because all respondents are White). See
Online Appendix A4.2 for measurement details for all
control variables.

RESULTS
Are individuals with high behavioral immune sensitivity more opposed to immigration? Table 2 reports the
effects of behavioral immune sensitivity on opposition
to immigration in all four samples. As our expectations
are directional, all tests of statistical significance are
one-tailed.
The findings in Table 2, Models 1–2, show that across
representative samples drawn from highly different national contexts, contamination disgust correlates with
opposition to immigration (bUS Sample 1 = 0.10, p <
0.001, bDK Sample 2 = 0.18, p < 0.001). This relationship
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The Effects of Behavioral Immune Sensitivity on Opposition to Immigration in the United States and Denmark
DK Nat. Rep.
Sample 2
(M2)

DK Lab.
Sample 3
(M3)

U.S. MTurk
Sample 4
(M4)

U.S. MTurk
Sample 4
(M5)

U.S. MTurk
Sample 4
(M6)

0.34∗∗∗ (0.03)
0.10∗∗∗ (0.03)
0.02∗ (0.01)
0.00∗∗ (0.00)
− 0.13∗∗∗ (0.02)
0.29∗∗∗ (0.02)
− 0.09∗∗ (0.03)
− 0.05∗∗∗ (0.02)
0.291
1034

0.27∗∗∗ (0.02)
0.18∗∗∗ (0.03)
− 0.02∗ (0.01)
0.00∗∗∗ (0.00)
− 0.15∗∗∗ (0.02)
0.34∗∗∗ (0.02)
− 0.01 (0.02)
0.224
1709

0.16 (0.30)
0.24∗ (0.10)
− 0.04 (0.04)
− 0.00 (0.01)
0.39∗∗∗ (0.07)
0.474
42

0.45∗∗∗ (0.04)
0.13∗∗∗ (0.03)
− 0.00 (0.01)
0.00 (0.00)
− 0.11∗∗∗ (0.03)
0.30∗∗∗ (0.02)
− 0.02 (0.02)
− 0.04 (0.03)
− 0.13∗∗∗ (0.04)
0.09∗∗∗ (0.03)
0.04∗ (0.02)
− 0.04 (0.04)
0.263
1046

0.39∗∗∗ (0.04)
0.18∗∗∗ (0.03)
− 0.01 (0.01)
0.00 (0.00)
− 0.10∗∗∗ (0.03)
0.30∗∗∗ (0.02)
− 0.02 (0.02)
− 0.03 (0.03)
− 0.14∗∗∗ (0.03)
0.10∗∗∗ (0.03)
0.04∗ (0.02)
− 0.05 (0.04)
0.273
1046

0.42∗∗∗ (0.04)
0.16∗∗∗ (0.03)
− 0.00 (0.01)
0.00 (0.00)
− 0.11∗∗∗ (0.03)
0.30∗∗∗ (0.02)
− 0.02 (0.02)
− 0.03 (0.03)
− 0.14∗∗∗ (0.03)
0.10∗∗∗ (0.03)
0.04∗ (0.02)
− 0.04 (0.04)
0.265
1046

Note: Entries are unstandardized OLS regression coefficients. Standard errors in parentheses. All variables range between 0 and 1, except for age, which is measured in years. ∗ p < 0.05,
∗∗ p < 0.01, ∗∗∗ p < 0.001, one-sided tests.
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Constant
Contamination disgust
Disgust SCR
Pathogen disgust
Germ aversion
Female
Age
Education
Ideology
Income
Non-white
Emotional stability
Openness
Conscientiousness
Extroversion
Agreeableness
Adjusted R2
n

U.S. Nat. Rep.
Sample 1
(M1)

exists over and beyond the effects of standard demographic correlates of prejudice and anti-immigration
attitudes: income and education. The findings in Models 1–2 indicate that the effect of contamination disgust on opposition to immigration is comparable to the
effect of education, a central predictor of opposition
to immigration in prior political science research (e.g.,
Citrin et al. 1997; Coenders and Scheepers 2003; Espenshade and Calhoun 1993; Hainmueller and Hiscox
2007; McLaren 2001). Also, the effects of contamination disgust are generally larger and more robust than
the effects of income. Finally, it is noteworthy that the
effects of contamination disgust remain even when we
control for political ideology. Previous research has established a link between ideology and prejudice (see
Jost et al. 2003) and ideology and disgust sensitivity
(Inbar et al. 2009; Smith et al. 2011). The findings in
Table 2 show that disgust sensitivity is not simply a
proxy for political ideology.
The results reported in Models 3–6 replicate the findings from the nationally representative surveys across
Samples 3–4, i.e., the Danish lab sample and the U.S.
MTurk sample. Employing a physiological measure of
behavioral immune sensitivity, Model 3 demonstrates
that unobtrusive biological responses to disgusting images correlate with opposition to immigration (bModel 3
= 0.24, p = 0.011).5 (See Online Appendix A5.3 for
robustness checks.) The effect of the physiological measure alleviates concerns with regards to potential low
measurement validity of self-reported measures and, in
line with the proposed role of immune response, provides crucial evidence that disgust-related opposition
to immigration indeed emerges from visceral, physiological processes rather than cold cognition (see also
Smith et al. 2011).
Finally, using three different measures, Models 4–
6 show that the relationship between behavioral immune sensitivity and anti-immigration attitudes is robust across different operationalizations and in the face
of indicators of demographics, income, education, and
personality traits (bcontamination disgust = 0.13, p < 0.001;
bpathogen disgust = 0.18, p < 0.001; bgerm aversion = 0.16, p
< 0.001). It appears, therefore, that we are not simply
observing a spurious relationship that is accounted for
by domain-general predispositions, like ideology and
personality (see Online Appendix A5.1–3 for robustness checks).
We also explored interactions between ideology
and behavioral immune sensitivity in affecting antiimmigrant attitudes. In Samples 1–2 and 4, we find
significant or marginally significant interaction effects
5 In Sample 3, we also measured self-reported contamination disgust
(measured as in Samples 1–2). Importantly, in Sample 3, the effect
of the self-reported disgust measure must be interpreted with much
caution because of very low scale reliability (α = 0.29) and very low
intercorrelations of the scale items. Consistent with past research
(Smith et al. 2011, 5), the correlation between the physiological
and the self-reported disgust measure is statistically insignificant (r
= −0.16, p = 0.315, two-sided, n = 42). This could suggest that
self-reported and physiological disgust operate independently (see
Smith et al. 2011) but could also reflect the low reliability of the
self-reported instrument in Sample 3 (see Online Appendix A5.3).
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so that the effect of behavioral immune sensitivity on
opposition to immigration is intensified among more
liberal respondents (see Online Appendix A5.4 for regression tables and discussion).6 Consistent with their
ideology, conservatives may oppose immigration for
many reasons beyond pathogen avoidance. Among liberals, in contrast, a high behavioral immune sensitivity
motivates people to support policy views that are at
odds with their ideological outlook, creating the ideological inconsistency we observe here. We return to the
broad implications of these findings in the conclusion.
In sum, across (1) well-powered representative and
convenience samples from the United States and
Denmark, (2) using physiological and self-reported
measures of behavioral immune sensitivity, (3) and
a rich set of control variables, the findings support
that concern about pathogens increase opposition to
immigration.

TEST 2: DISEASE PROTECTION
DEACTIVATES THE LINK BETWEEN
ANTI-IMMIGRATION ATTITUDES AND THE
BEHAVIORAL IMMUNE SYSTEM
The purpose of Test 2 is to further test the contention that behavioral immune sensitivity is the causal
agent for the effects established in Test 1. Specifically, Test 2 maximizes internal validity by employing a
well-powered randomized experiment to evaluate the
link between disease exposure and anti-immigration
attitudes. In doing so, we test a hypothesis central
to the existing literature (see the meta-analytical review): whether the degree of disease threat moderates the effect of individual differences in behavioral
immune sensitivity on anti-immigration attitudes (see
also Huang et al. 2011; Reid et al. 2012; and Online
Appendix A2.1).
The behavioral immune system is a flexible system
designed to take contextual and individual circumstances into account (Al-Shawaf and Lewis 2013). An
overly sensitive system motivates avoidance of people
and increases the probability of foregoing new, potentially beneficial relationships (Aarøe, Osmundsen, and
Petersen 2016). Too little sensitivity, in contrast, leads
to infection. One factor that the behavioral immune
system could use to manage this trade-off is the level
of exposure—perceived and real—to pathogens in the
local environment. High exposure should strengthen
pathogen avoidance motivations and, hence, the link
between behavioral immune sensitivity and opposition
to immigration (Curtis, de Barra, and Aunger 2011,
391; Fessler and Navarrete 2003). Exposure to disease
6 Specifically, we find the following significant or marginally significant interactions between ideology and behavioral immune sensitivity (see full regression models in Online Appendix A5.4): U.S.
Sample 1: bIdeology × contamination = −0.33, p < 0.001; DK Sample 2: bIdeology × contamination = −0.17, p = 0.066; U.S. Sample 4:
bIdeology × contamination = −0.30, p = 0.001, bIdeology × pathogen = −0.19,
p = 0.039, bIdeology × germ aversion = −0.19, p = 0.056, one-sided. In
the small Danish laboratory Sample 3 with only 42 respondents, no
significant interaction is found (bIdeology ×Disgust SCR b = − 0.07, p =
0.398, one-sided).

Measures
To test this prediction, we implemented the disease
protection experiment in Sample 4. The experiment
had two conditions. In both conditions, respondents
read a detailed story about a hospital orderly who
cleans up vomit. Respondents in the disease threat condition stopped here, while respondents in the disease
protection condition read on to learn how the orderly
carefully washed his hands in the freshly cleaned wash
area afterwards (see Online Appendix A6–7 for full
wording and manipulation checks). We code the experimental treatment as a dummy variable (1 = disease
protection and 0 = disease threat). The treatment has
a marginally significant direct effect on opposition to
immigration (b = −0.02, p = 0.065, one-sided, n =
1037), indicating that it has relatively limited impact on
anti-immigration attitudes independent of individual
differences in behavioral immune sensitivity.
We measure opposition to immigration and individual differences in behavioral immune sensitivity using
the same scales from Sample 4 as in Test 1. Importantly,
to form the most encompassing and robust measure of
behavioral immune sensitivity, we combine the three
measures into a single highly reliable index ranging
from 0 to 1 (α = 0.77). In Online Appendix A8.1 we
offer replication analyses using the individual scales.

Results
Do cues of disease protection mitigate the effect behavioral immune sensitivity on opposition to immigration?
Table 3 shows the mitigating effect of infection protection cues on the relationship between behavioral
immune sensitivity and opposition to immigration. The
findings indicate that providing disease protection cues
decreases the influence of behavioral immune sensitivity on anti-immigration attitudes (b = −0.16, p = 0.025)
by 47% when compared to cues activating pathogen
threat.7 Testifying to the distinctness of the effects and
7

Table 3 could suggest a positive effect of protection cues among
individuals with no behavioral immune sensitivity (i.e., when behavioral immune sensitivity is 0). Yet, in Sample 4, the lowest observed
value on the combined measure of behavioral immune sensitivity
is 0.087, and the significant term at the value 0 is an extrapolation.
Supplemental analyses show no significant effect of protection cues

TABLE 3. The Mitigating Effect of Infection
Protection Cues on the Impact of Behavioral
Immune Sensitivity on Opposition to
Immigration
Opposition to
Immigration
Constant
Protection cues
Combined behavioral immune
sensitivity
Protection cues × behavioral
immune sensitivity
Female
Age
Ideology
Education
Income
Adj. R2
n

0.25∗∗∗ (0.04)
0.07∗ (0.04)
0.34∗∗∗ (0.06)
− 0.16∗ (0.08)
− 0.01 (0.01)
0.00 (0.00)
0.32∗∗∗ (0.02)
− 0.10∗∗∗ (0.02)
− 0.01 (0.03)
0.253
1021

Note: Entries are unstandardized coefficients from a fixed effects model with state as group variable. Robust standard
errors in parentheses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001,
one-sided tests.

psychological motivations of the behavioral immune
system, no moderating effect of the treatment is observed on the effect of education and income (see
Online Appendix A8.3). In addition, we measured respondents’ level of anxiety after the treatment and,
consistent with past research, we find that anxiety is
positively correlated with opposition to immigration
(Brader, Valentino, and Suhay 2008). Moreover, consistent with our theoretical argument, the disease protection cue does not diminish the effect of anxiety while
it continues to diminish the effects of behavioral immune sensitivity after controling for anxiety (see Online Appendix A8.4).
In sum, we observe that simply eliminating the psychological experience of disease threat substantially
attenuates the effect of the behavioral immune system
on opposition to immigration. These experimental results effectively rule out concerns that the effects of
pathogen avoidance are spurious. It plays a causal role
in the formation of immigration attitudes and because
hand washing is not logically connected with immigration attitudes, it ostensibly does so outside of one’s
conscious awareness.

TEST 3: THE BEHAVIORAL IMMUNE
SYSTEM AND CUES IN IMMIGRATION
DEBATES
We now investigate the broader implications of the
effects of the behavioral immune system. In doing so,
we push beyond previous studies by demonstrating
how the behavioral immune system can undermine
when behavioral immune sensitivity is held at the 10th percentile and
the first interquartile median (see Online Appendix A8.2).

3676 8

:DDAC,

53 4 697

95

7 2

7 C D7 67 0

D 73

9

3D

,

,

C 4 75D D D:7 .3 4 697 .

7 D7

C 8 C7 3 3 34 7 3D :DDAC,

53 4 697

7 D7

protection should, in contrast, decrease the effect of
behavioral immune sensitivity on opposition to immigration.
In Test 2, we consider the possibility that something
as basic as hand washing may obviate the need for
the behavioral immune system to activate social avoidance motivations (see also Huang et al. 2011). Across
cultures, people routinely engage in practices and behaviors aimed at reducing pathogen threat, with hand
washing at the center of personal hygiene practices
for centuries (Jumaa 2005, 4). Indeed, the simple act
of washing one’s hands is the most effective strategy
against the spread of infectious pathogens (Bhojani,
D’Costa, and Gupta 2008, 15).
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established pathways to ethnic tolerance in political
science research.
Previous research suggests that tolerance toward immigrants increases when immigrants signal a motivation to fit in and contribute to society (e.g., Brader,
Valentino, and Suhay 2008; Hainmueller and Hiscox
2010; Sniderman, Hagendoorn, and Prior 2004). Yet
while credible signals of benign motivations in others
decrease their threat level in a variety of contexts (cf.
Fiske, Cuddy, and Glick 2007; Weiner 1995), the motivations of an individual and the threat posed by him or
her as a potential pathogen host are fully uncorrelated.
The pathogens are, in a very real sense, autonomous
agents and the effects of the behavioral immune system
should be unresponsive to cues about the goodwill of
their perceived hosts.
In the context of immigration debates, the behavioral immune system should primarily respond to cues
about differences in appearance and cultural lifestyles
between immigrants and native populations and psychologically represent such differences as signs of infection risk. Consequently, the effects of the behavioral immune system on anti-immigration attitudes are
first and foremost predicted to wax and wane with
the familiarity of the immigrant group (e.g., Faulkner
et al., 2004). As with disease protection cues (cf. Test 2),
the link between behavioral immune sensitivity and
anti-immigration attitudes should be weakened in the
context of debates about immigrants who appear and
act familiarly. In contrast, prosocial cues about immigrants’ benign intentions that otherwise promote tolerance (Sniderman, Hagendoorn, and Prior 2004) should
offer no comfort to those sensitive to pathogen threats.

Research design and measures
To test this prediction, we rely on the U.S. nationally
representative Sample 1. The measure of behavioral
immune sensitivity, contamination disgust, remains as
described under Test 1. To test how cues about immigrant familiarity (as a disease protection cue) shape the
effects of behavioral immune sensitivity and immigrant
intention (as cues unrelated to disease protection), we
implemented a 2 × 3 experiment.
Following Sniderman, Hagendoorn, and Prior
(2004), all respondents read a description of an
immigrant. In the description, we experimentally
varied the cues about the familiarity of the immigrant.
In half of the conditions he was presented as Middle
Eastern and in the other half as Eastern European.
The comparison of a Middle Eastern to an Eastern
European immigrant entails comparing an immigrant
who is different from the American majority in terms
of physical and cultural appearance with an immigrant
who is much more similar. At the same time, choosing
an Eastern European immigrant instead of a Western
European immigrant means that other factors are held
more constant, including socioeconomic background,
a legacy of nondemocratic regimes, and lower levels of
English proficiency. We also manipulated the presence
of cues about the immigrant’s willingness to make an
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effort to fit in. In one set of conditions respondents
were told that the immigrant “ . . . is not motivated
to learn English and is skeptical of American ideals
such as democracy and equal rights” (bad intentions
condition). In another set of conditions, respondents
were told the exact opposite: “He is very motivated
to learn English and is committed to American ideals
such as democracy and equal rights” (good intentions
condition). Finally, in a third set of conditions, no cues
were provided about his willingness to make an effort
and fit in (control condition) (see Online Appendix
A9 for full wordings). The dependent variable is
a combined scale of three items about subjects’
opposition to “have immigrants like him” enter the
country (α = 0.87; see Online Appendix A9 for
details). We include the same individual level control
variables as in the previous analyses of Sample 1 in Test
1 (see Online Appendix A9 for measurement details).

RESULTS
Does the effect of behavioral immune sensitivity on antiimmigration attitudes endure in the face of clear cues
about immigrants’ willingness to make an effort and
fit in? In Online Appendix A10.1, we validate that all
treatments have a significant main effect on opposition
to the entering immigrant (bgood intention cues = −0.13,
bbad intention cues = 0.24, bEuropean = −0.05, all p values
< 0.001, one-sided). These findings support that our
manipulations were effective and replicate prior findings in the political science literature (e.g., Sniderman,
Hagendoorn, and Prior 2004). Moving beyond these
prior findings, Table 4, Model 1 shows that the effect
of contamination disgust on opposition to the entering
immigrant is significantly reduced when the immigrant
is of familiar European origin instead of Middle Eastern origin (b = −0.16, p = 0.030).
As illustrated in Figure 1, panel A, the marginal effect of contamination disgust drops from b = 0.22 (p <
0.001) when the immigrant is of Middle Eastern origin,
to statistically insignificant (b = 0.06, p = 0.16) when
the immigrant is of European origin. As illustrated
in panel B this pattern is caused by people high in
behavioral immune sensitivity expressing significantly
less opposition to the entering European immigrant
than the Middle Eastern immigrant. This finding
offers a political instantiation of the disease protection
experiment: Just as hand washing alleviates unease
about sources of pathogens, cultural familiarity deactivates disgust responses to prospective immigrants.
In contrast, as shown in Table 4, Model 2, the
effect of contamination disgust sensitivity on antiimmigration attitudes is not moderated by clear cues
about the immigrant’s willingness to make an effort to
fit in (bcontamination disgust × good intentions = 0.06, p = 0.248;
bcontamination disgust × bad intentions = −0.09, p = 0.176, onesided).8 As seen in Figure 1, panel C, the marginal
8 In Online Appendix A10.2 we provide evidence that these effects
are unique to contamination disgust. The ethnic origin of the immigrant does not moderate how education or income influences
immigration attitudes.
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TABLE 4. The Effect of Contamination
Disgust Sensitivity on Opposition to Entering
Immigrant
Opposition to Entering Immigrant
Model 2

Constant
Cues of Familiar
(European) Origin
Contamination
Disgust
Contamination
Disgust × Familiar
Origin
Cues of Bad
Intentions
Cues of Good
Intentions
Contamination
Disgust × Bad
Intentions
Contamination
Disgust × Good
Intentions
Female
Age
Education
Ideology
Income
Non-white
Adj. R2
n

0.33∗∗∗ (0.04)
0.02 (0.04)

0.29∗∗∗ (0.04)
-

0.22∗∗∗ (0.06)

0.16∗∗ (0.06)

− 0.16∗ (0.08)

-

-

0.27∗∗∗ (0.04)

-

− 0.15∗∗∗ (0.04)

-

− 0.09 (0.09)

-

0.06 (0.09)

0.00 (0.02)
0.01 (0.02)
0.00∗∗ (0.00)
0.00∗∗ (0.00)
− 0.10∗∗ (0.03) − 0.09∗∗ (0.03)
0.21∗∗∗ (0.02)
0.19∗∗∗ (0.03)
− 0.06 (0.04)
− 0.04 (0.04)
− 0.01 (0.02)
− 0.01 (0.02)
0.102
0.356
1034
1034

Note: Entries are unstandardized OLS regression coefficients,
robust standard errors in parentheses. All variables range between 0 and 1, except for age (measured in years). ∗ p < 0.05,
∗∗ p < 0.01, ∗∗∗ p < 0.001, one-sided tests.

effect of contamination disgust on anti-immigration
attitudes is 0.16. (p = 0.008) in the control group and
remain 0.22 (p < 0.001) when clear cues of good intentions are provided. As revealed in panel D, this pattern
reflects that individuals high in disgust sensitivity continue to oppose the immigrant even when he signals
a motivation to adopt American values and customs.
Only individuals low in disgust sensitivity lower their
opposition to the well-meaning immigrant.
Finally, as shown in Figure 1, panel C, and Table 4,
the marginal effect of contamination disgust is 0.07 (p
= 0.152) when cues of bad intentions are provided.
Importantly, this effect is not significantly different
from the marginal effect of 0.16 in the control condition (bcontamination disgust × bad intentions = −0.09, p = 0.176).
As panel D illustrates, bad intention cues descriptively
reduce the attitudinal differences between individuals high and low in disgust sensitivity, because these
cues trigger opposition among individuals with low
disgust sensitivity, while people high in disgust sensitivity are not markedly moved by these cues (potentially due to their already high opposition, i.e., a ceiling
effect).

TEST 4: THE BEHAVIORAL IMMUNE
SYSTEM AND THE AVOIDANCE OF
INTERGROUP CONTACT
High behavioral immune sensitivity motivates people to oppose immigration from unfamiliar ethnic
groups even if these groups are motivated to contribute to their new country. Yet immigrants nonetheless enter many societies. According to the broad
literature on prejudice, one of the most important
factors for facilitating intergroup tolerance between
groups in society is cross-group contact (Allport 1954;
Welch et al. 2001; Williams 1964). As emphasized by
Pettigrew et al. (2011, 278) “it is clear that crossgroup contact is an essential [ . . . ] component for lasting remedies” in the context of intergroup intolerance. In essence, intergroup contact reduces intergroup
prejudice (e.g., Pettigrew et al. 2011; Pettigrew and
Tropp 2006).
In light of our findings, we argue that activity in the
behavioral immune system can create obstacles to the
emergence of tolerance. If the threat from immigrants
is mentally represented as a function of pathogens,
strict avoidance is the only sure way to head off this
perceived threat (Schaller and Neuberg 2012). Consequently, people with high behavioral immune sensitivity should actively avoid contact with those who
are different—precisely the kind of contact that previous research identifies as tolerance enhancing. Individuals with high behavioral immune sensitivity should
be more likely to dislike situations that increase the
probability of contact with immigrants and to support
policies that decrease the chances of contact.

Research Design and Measures
To test this prediction, we rely on the Danish nationally representative Sample 2. We presented eight items
measuring approval of situations related to contact
with immigrants, such as “To have an immigrant family
as neighbors,” and “That immigrants stopped shopping
in your local grocery store and instead only shopped
in shops owned by other immigrants,” and “That immigrants moved away from the city’s other neighborhoods and gathered themselves in their own community (see Online Appendix A11 for question wording).
In particular, the last two items in the three examples
above are critical. They were devised to measure approval of behavior among immigrants that would make
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Model 1

Consistent with past research, Table 4 and panel D
in Figure 1 show a clear effect of intention cues on
opposition to the entering immigrant, but this effect
works relatively independently of behavioral immune
sensitivity. In sum, the findings in Table 4 and Figure 1
consistently support that behavioral immune sensitivity reduces people’s responsiveness to those prosocial
cues that according to extant research establish a key
route to inclusive coexistence and ethnic tolerance
(Fiske, Cuddy, and Glick 2007; Hainmueller and Hiscox
2010; Sniderman, Hagendoorn, and Prior 2004).
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FIGURE 1. By Cues of Ethnic Origin and Intentions, Marginal Effect of Disgust Sensitivity (panels
A and C) and Predicted Levels of Opposition to Entering Immigrant by Disgust Sensitivity (panels B
and D)
Panel B: Predicted opposition to entering immigrant by
disgust sensitivity and immigrant origin

Panel C: Marginal effect of disgust sensitivity by
intentions cues

Panel D: Predicted opposition to entering immigrant by
disgust sensitivity and intentions cues

Note: The results in Figure 1 were calculated based on the results in Table 4. In panels B and D control variables gender, age, education,
income, race, and ideology are kept constant using the observed value approach. As our hypothesis and hypothesis test are directional,
we report 90% confidence intervals.

them less exposed to the national culture (a traditional
concern of those skeptical about immigration, cf. Sniderman and Hagendoorn 2007), while at the same time
minimizing the possibility of coming into contact with
immigrants in their daily lives (a predicted concern for
those with high behavioral immune sensitivity). The
items were carefully constructed so as not to give an
impression that these developments involved imposing
costs on immigrants and, in fact, were directly framed
to suggest that these developments happen on the immigrants’ own initiative. In this way, these items allow
us to dissociate preferences for decreasing the likelihood of contact from the kind of punitive preferences
often associated with prejudice (Sniderman et al. 2014).
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Panel A: Marginal effect of disgust sensitivity by
immigrant origin
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Our measure of behavioral immune sensitivity, contamination disgust, and our standard set of control
variables are described under Test 1. Because we are
interested in reactions to immigrants who already live
in the respondents’ own country, we also control for
opposition to allowing immigrants to enter the country
using our general anti-immigration scale.

Results
Do individuals with high behavioral immune sensitivity disapprove of situations implying close contact with
immigrants and support actions that would reduce the

The Behavioral Immune System Shapes Political Intuitions

FIGURE 2. Effects of Contamination Disgust Sensitivity, Ideology, Income, and Education on
Approval of Situations Involving Increased or Decreased Contact with Immigrants
.16
***

0.2

Effect on Approval of Situation

0.1
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0
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sensitivity

That someone in your immediate family married an immigrant
To have an immigrant family as neighbors

To have more immigrants move to your neighborhood
To eat a meal prepared by an immigrant

To shop in a butcher shop owned by an immigrant

To swim in a public swimming pool with many immigrants

That immigrants moved away from the city's other neighborhoods and gathered themselves in their own community

That immigrants stopped shopping in your local grocery store and instead only shopped in shops owned by other immigrants

Note: Entries are unstandardized OLS regression coefficients. All variables range 0–1. The effects are controlled for gender, age,
opposition to immigration and the other variables in the figure. ∗ p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, one-sided tests.

probability of coming into contact with immigrants?
To discern between the effects of behavioral immune
sensitivity and the factors emphasized in extant research on anti-immigration sentiments, we compare
the effects of contamination disgust with the effects
of socioeconomic and political factors (income, education, and ideology). Figure 2 shows the effects of
these variables on the diverse range of items relating
to the approval of situations involving close contact
with immigrants (the first six items) and approval of
social avoidance behavior among immigrants (the last
two items). Consistent with our predictions, individuals with high contamination disgust sensitivity express
significantly stronger disapproval of all types of close
contact with immigrants (b = −0.16 to −0.27, p <
.001 on all indicators) and significantly stronger support for behaviors whereby immigrants freely choose
to avoid contact with the majority population (b =
0.10 to 0.16, p = 0.015 or lower). This last finding is
particularly instructive, as it suggests—consistent with
the behavioral immune perspective—that people with
high contamination disgust sensitivity are motivated by
avoidance per se, rather than a desire to impose costs
on immigrants.
The effects of contamination disgust are present
even when controlling for the standard explanatory

factors related to prejudice—ideology, income, and
education—bolstering our contention that there is an
independent link between behavioral immune sensitivity and the preference for avoiding social contact
with immigrants. Moreover, once we account for disgust sensitivity, the standard explanatory factors are
uncorrelated with the approval of social avoidance.
Hence, while previous research has shown that prejudice impels people to avoid those who are the object
of their prejudice (see Allport 1954), our findings cast
doubt on exclusively sociocultural explanations for this
effect. It should be noted that Test 4 was conducted
using the sample from Denmark, a relatively homogenous country. Future research should investigate the
generalizability to highly diverse, nonsegregated societies where avoidance is not possible. It is plausible
that the increased familiarity following substantial and
continuous personal contact leads individuals to stop
categorizing immigrants as pathogen threats (see Online Appendix A12 for further discussion). In this way,
ethnic tolerance may turn out to be an “acquired taste.”

DISCUSSION AND CONCLUSION
The brain is the most sophisticated part of the human
organism, sculpted over millennia by natural selection
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to help our ancestors deal with a variety of evolutionarily recurrent threats. As neuroscience has advanced,
it has become increasingly clear that consciousness is
indeed just “the tip of the iceberg” (cf. Freud 1915)
of human emotional processing (e.g., Kahneman 2011;
Stanovich and West 2000). Outside conscious considerations about self-interest, values, and norms, a wide
range of evolved mechanisms are in constant operation
to help remove threats. While political psychologists
have begun incorporating insights from neuroscience
into models of decision-making and paid more attention to the effects of emotions (e.g., Hibbing, Smith,
and Alford 2014; Lodge and Taber 2013; McDermott
2009), the canonical model of emotions within political science, affective intelligence theory (Marcus,
Neuman, and MacKuen 2000), is primarily oriented
towards understanding how brain mechanisms identify
threats through anxiety. Yet to survive and reproduce
our brains needed to not just identify threats but to effectively remove them. Hence, in the face of threat cues
other emotions, designed to effectively deal with imminent threats, should be coactivated with the emotion of
anxiety. As argued by Brader and Marcus (2013, 186),
“there is considerable potential for theoretical integration” between different approaches and especially the
antecedents of emotions should be considered from a
more integrated perspective (Brader and Marcus, 2013:
185). Our findings demonstrate how our understanding of the foundations and implications of fundamental
emotions in politics is advanced by considering the specific evolved functions that define them and the deep
psychological mechanisms they arise from (Tooby and
Cosmides 2008).
We focused on how the human brain contains dedicated, emotional mechanisms for dealing with one of
the most enduring and dire threats to human fitness,
lethal infections (see Jensen and Petersen 2017), and
how the behavioral strategies elicited by these mechanisms map directly on to modern policy debates in
the domain of immigration, one of the most pressing
and polarizing issues in contemporary politics in both
United States and Western Europe (see, e.g., Givens
and Luedtke 2004, 145; Green 2016). Following developments within the psychological sciences, we have
referred to this set of mechanisms as the behavioral
immune system (e.g., Schaller 2006) and demonstrated
how it operates through the emotion of disgust. In
doing so, we employed a consilient (cf. Wilson 1999)
body of knowledge from psychology, anthropology, and
biology to make a priori evaluations of the validity
of existing claims about disgust. Although psychological research documents an association between disgust
and leeriness of outsiders, our meta-analysis found that
these empirical studies tend to be underpowered, underspecified products of unrepresentative samples that
show signs of publication bias—calling into question
the veracity of these findings (Open Science Collaboration 2015). Despite these issues, a consilient, evolutionary perspective provides a strong a priori rationale
for the contention that the behavioral immune system
tags unfamiliar strangers as infection risks and generates opposition to immigration. On these grounds,
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we marshaled the most complete test to date of the
relationship between anti-immigration attitudes and
individual differences in behavioral immune sensitivity.
Employing a cross-national research design and using a wide-ranging set of studies with high degrees of
statistical power, internal validity, and external validity, we demonstrated that self-reported and physiological markers of behavioral immune sensitivity are
robust predictors of anti-immigration attitudes. Testifying to its generalizability, this result replicates across
the United States and Denmark—two highly different contexts with regard to immigration history, welfare regimes, and ethnic composition. Furthermore, we
demonstrated that the association between behavioral
immune sensitivity and anti-immigration attitudes is
substantially attenuated when people are primed to
feel clean. These findings establish that the unconscious
motivation to avoid pathogens drives the connection
between behavioral immune sensitivity and immigration attitudes, ruling out concerns that behavioral immune sensitivity simply proxies other political predispositions (e.g., prejudice). This conclusion, we believe,
sheds light on why people who espouse racist and xenophobic ideologies compare members of outgroups to
vectors of disease, such as vermin, cockroaches, and
plagues (see Banks and Valentino 2012), and why immigrants are often described as being unclean, filthy,
or dirty. We have developed and tested a coherent theoretical framework that makes it apparent why such
analogies come to mind for certain people and why
such analogies are powerful tools for persuasion.
Importantly, the recognition of disgust as an evolved
tool for avoiding infections furthermore allowed us
to move beyond the simple claim that individual differences in behavioral immune sensitivity shape antiimmigration sentiments. In the face of novel theoretical
arguments, political scientists rightly ask: “So what?
. . . what will work of this sort really add to our understanding of politics?” (Bartels 2013). In response,
we note that the evolved features of the behavioral
immune system fundamentally change the politics of
ethnic inclusivity and frustrate the integrationist route
to tolerance as multiculturalism increases in the Western world (Sniderman et al. 2014; Sniderman and Hagendoorn 2007). Our findings show that, to the extent
that anti-immigration attitudes emerge from pathogen
avoidance motivations, extant social science proposals
to increase acceptance of unfamiliar ethnic groups face
significant challenges. First, pathogen avoidance motivations reduce people’s sensitivity to those prosocial
signals that facilitate peaceful coexistence in other areas of life (Fiske, Cuddy, and Glick 2007). It is the
presence of physically and culturally distinct immigrants that poses a threat to individuals concerned
about pathogens, not the intentions of the immigrants.
Second, individuals motivated by pathogen avoidance
are especially motivated to avoid contact with immigrants, potentially preventing the sorts of experiences
that may engender tolerance. Taken together, these
findings demonstrate that the behavioral immune system emerges as a potent—and distinct—obstacle to
inclusive attitudes and tolerance. With rising rates of
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FIGURE 3. Marginal Effect of Pathogen Disgust Sensitivity on Social and Economic Conservatism
by Ideological Self-identification
Panel B. Economic Conservatism
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Note: The results were calculated based on Models 3–5 (panel A) and 6–8 (panel B) in Table A18 in Online Appendix A14. Effects
are reported with 90% confidence intervals. All moderating effects of ideology on the influence of pathogen disgust are statistically
significant at p = 0.019 or lower (one-sided).

migration across the Western world and the polarizing
increase in concerns about immigration in the mass
electorate, this is an important finding.
We have compared the effects of behavioral immune
sensitivity to traditional explanatory factors within political science and found its effects to rival those of standard variables such as income and education. Also, it is
of particular importance that the effects of behavioral
immune sensitivity operate over and beyond ideology
as a range of previous studies has suggested an association between endorsements of conservative ideologies
and individual differences in the propensity to experience disgust (Inbar et al. 2012, see Terrizzi et al. 2013 for
a review). Our results suggest that people high in disgust sensitivity are not opposed to immigration because
they are conservative. More likely, these people tend
to be conservative because their behavioral immune
system propels them to oppose immigrants and related
policies.
In Test 1, we provided novel evidence about this
relationship between ideology and behavioral immune
sensitivity. We observed that the effect of disgust sensitivity on anti-immigration attitudes tended to be
stronger among liberals than among conservatives.
Hence, conservatives—by nature of their ideology—
will tend to oppose immigration no matter what; their
opposition is, in a sense, overdetermined. A liberal,
in contrast, would on average tend to be sympathetic
to immigration but a liberal high in disgust sensitivity
has a strong pull toward opposing it, creating a set
of ideologically inconsistent policy preferences. As a
deeper demonstration of these opinion dynamics, we
present analyses of a representative sample of Amer-

icans (Sample 5) in which we collected measures of
overall liberal-conservative ideology as well as the two
key attitudinal dimensions in the American electorate:
economic conservatism and social conservatism (see
Treier and Hillygus 2009). In addition, we collected
measures of individual differences in pathogen disgust (Tybur, Lieberman, and Griskevicius 2009) and
the control variables used in the previous analyses
(see Online Appendix A13–14 for full descriptions of
the sample, measures and statistical models). Figure 3
shows how individual differences in pathogen disgust
sensitivity affect economic and social conservatism for
people that self-identify as “liberals,” “middle of the
road” and “conservatives,” respectively.
Consistent with the previous analyses, we observe
that support for conservative social policies—e.g., policies that keep strangers out, restrict the life ways of
people, and uphold traditional norms of conduct—are
influenced by disgust sensitivity but only among liberals. People who identify as conservatives have plenty
of ideological reasons to support socially conservative
policies but for liberals being high in disgust sensitivity, pathogen avoidance motivations prompt them to
support such policies despite the ideological incoherence it generates. With respect to conservative economic policies, we see the exact same opinion dynamics but this time driven by people who self-identify as
conservatives. Individuals concerned about pathogens
are prompted to support liberal policies in the economic domain to satisfy their need for cleanliness—
e.g., policies that create decent living standards and
urban renewal. Again, liberals already support these
policies by nature of their ideological identification, but
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conservatives high in disgust sensitivity are prompted
to take up an ideological inconsistent position.
Having carefully dissected the automatic operations
of a distinct threat management system in the human
brain, the behavioral immune system, we arrive at
an important counternarrative to the traditional view
on the relationship between deep-seated individual
differences and political orientations. Most previous
studies on the relationship between deep-seated individual differences and political orientations have focused on how these individual differences give rise to
ideological consistency (Hibbing, Smith, and Alford
2014; Inbar et al., 2012). Indeed, as summed up by
Malka et al. (2014, 1047–8), it is often assumed “that
a broad-based conservative versus liberal ideology is
rooted in particular dispositional, neurobiological, and
genetic characteristics.” In contrast, our findings suggest that these differences might just as well prompt
individuals to develop ideologically inconsistent views.
It is an increasingly recognized fact that electorates
cannot be neatly lined up on a single ideological dimension from liberal to conservative (Feldman and
Johnson 2014; Treier and Hillygus 2009). In our view,
this is an inevitable consequence of the independent
operations of automatic mechanisms for dealing with
distinct threats, such as the behavioral immune system. While the adherence to modern, elite-created and
symbolic systems of thought, such as ideologies, are
shaped by these mechanisms (i.e., through their regulation of policy support on specific issues), there are
likely multiple other independent causes of ideological consistency, including parental socialization and
educational experiences. If these other causes move
people with high disgust sensitivity to the liberal side of
the political spectrum, ideological inconsistencies and
cross pressures will spontaneously occur. Not because
of “empty-headedness,” “political ignorance,” or other
standard explanations (Converse 1964; Zaller 1992),
but because of the evolved, sophisticated threat management systems in the human brain and the motivations they generate.

SUPPLEMENTARY MATERIALS
To view supplementary material for this article, please
visit https://doi.org/10.1017/S0003055416000770
Replication data and command files are available
at Dataverse Network, http://dx.doi.org/10.7910/DVN/
C56WMI

REFERENCES
Aarøe, Lene, Mathias Osmundsen, and Michael B. Petersen. 2016.
“Distrust as a Disease-Avoidance Strategy: Individual Differences
in Disgust Sensitivity Regulate Generalized Social Trust.” Frontiers in Psychology 7: 1038.
Albertson, Bethany, and Shana Kushner Gadarian. 2015. Anxious
Politics: Democratic Citizenship in a Threatening World. Cambridge, UK: Cambridge University Press.
Al-Shawaf, Laith, and David M. G. Lewis. 2013. “Exposed Intestines
and Contaminated Cooks: Sex, Stress, and Satiation Predict Disgust Sensitivity.” Personality and Individual Differences 54 (6):
698–702.

3676 8

:DDAC,

53 4 697

95

7 2

7 C D7 67 0

D 73

9

3D

,

,

C 4 75D D D:7 .3 4 697 .

7 D7

C 8 C7 3 3 34 7 3D :DDAC,

53 4 697

95

7 D7

C :DDAC, 6

9

1

Lene Aarøe, Michael Bang Petersen, and Kevin Arceneaux

/

292

Allport, Gordon W. 1954. The Nature of Prejudice. Reading, MA:
Addison-Wesley.
Arceneaux, Kevin. 2012. “Cognitive Biases and the Strength of Political Arguments.” American Journal of Political Science 56 (2):
271–85.
Balzer, Amanda, and Carly M. Jacobs 2011. “Gender and Physiological Effects in Connecting Disgust to Political Preferences.” Social
Science Quarterly 92 (5): 1297–313.
Banks, Antoine J., and Nicholas A. Valentino 2012. “Emotional Substrates of White Racial Attitudes.” American Journal of Political
Science 56 (2): 286–97.
Bargh, John A., and Tanya L. Chartrand. 1999. “The Unbearable
Automaticity of Being.” American Psychologist 54 (7): 462–79.
Barkow, J., Leda Cosmides, and John Tooby, eds. 1992. The Adapted
Mind: Evolutionary Psychology and the Generation of Culture.
New York: Oxford University Press.
Bartels, Larry. 2013. “Your Genes Influence your Political
Views. So what?” Monkey Cage November 12, 2013, Washington Post https://www.washingtonpost.com/news/monkey-cage/wp/
2013/11/12/your-genes-influence-your-political-views-so-what/
Bhojani, S., S. D’Costa, and A. Gupta. 2008. “Hand Hygiene: Simple,
Inexpensive and an Effective Tool.” British Journal of Infection
Control 9 (5): 15–7.
Brader, Ted. 2006. Campaigning for Hearts and Minds: How Emotional Appeals in Political Ads Work. Chicago: University of
Chicago Press.
Brader, T., and George E. Marcus. 2013. “Emotions and Political
Psychology.” In Oxford Handbook of Political Psychology, second
edition, eds. Leonie Huddy, David Sears, and Jack Levy. New
York: Oxford University Press, 165–204.
Brader, Ted, Nicholas A. Valentino, and Elizabeth Suhay. 2008.
“What Triggers Public Opposition to Immigration? Anxiety,
Group Cues, and Immigration Threat.” American Journal of Political Science 52 (4): 959–78.
Brooks, S. J., V. Savov, E. Allzén, C. Benedict, R. Fredriksson, and
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Given the ubiquitous presence of aggression among
animal species, it is highly probable that human ancestors engaged in aggression for tens of millions of generations, possibly from the origin of the vertebrates. In
contrast, the human transition from small-scale conflict to
state politics involving millions of players took place with
extraordinary abruptness, from 3 to 250 generations ago,
depending on the region and its population (Hibbs &
Olsson, 2004). This means that despite the technological
and demographic changes associated with agriculture
and the industrial revolution, any evolved decisionmaking system that navigates political conflicts in modern contexts must have been designed by natural selection to operate in small-scale social ecologies such as
those faced by human ancestors (Petersen, 2012).
What effect would these intense, long-enduring selection pressures have had on the subset of decision-making
machinery that evolved to regulate conflict? The asymmetric war of attrition (AWA) is one of the best validated
models in behavioral ecology (Hammerstein & Parker,

1982; Maynard Smith & Parker, 1976), and it is supported
by scores of empirical studies across all major vertebrate
classes (Kelly, 2008). Its central premise is that greater
fighting ability leads animals to bargain for a disproportionate share of contested resources (Huntingford & Turner,
1987; Kelly, 2008; Smuts, Cheney, Seyfarth, Wrangham, &
Struhsaker, 1987). Lesser fighting ability leads animals to
more readily cede resources they cannot cost-effectively
defend. It is a fitness error for weaker contestants to
attempt to seize resources when they cannot prevail and
for stronger ones to cede what they can cost-effectively
defend. Although human social evolution incorporated
an unusually strong cooperative dimension (Cosmides &
Tooby, 1992; Trivers, 1971), converging evidence from
archaeology (Gat, 1999), human evolutionary ecology
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(Chagnon, 1988; Hess, Helfrecht, Hagen, Sell, & Hewlett,
2010; von Rueden, Gurven, & Kaplan, 2008), and psychology (Archer & Thanzami, 2007; Sell, Hone, & Pound,
2012; Sell, Tooby, & Cosmides, 2009; Price, Kang, Dunn,
& Hopkins, 2010; Thomsen, Frankenhuis, Ingold-Smith,
& Carey, 2011) indicates that asymmetries in fighting ability were nevertheless a socially relevant variable in ancestral human populations. These asymmetries helped
determine the outcomes of conflicts and hence predicted
the payoffs of making alternative decisions. In short, this
regime would have selected for neural machinery that
assessed relative fighting ability and used these assessments as inputs to regulate people’s decisions about
whether to attempt to take resources from others and,
reciprocally, about whether to cede one’s own resources
to others.
In small-scale societies, a man’s upper-body strength
was one of several key components of his fighting ability
with or without weapons (Sell, Tooby, & Cosmides, 2009;
von Rueden et al., 2008). Even in developed and wellpoliced societies in which individual violence is rarely
used to settle important resource conflicts (Pinker, 2011),
people nevertheless accurately assess men’s upper-body
strength from visual and auditory cues, spontaneously
base their assessment of others’ fighting ability on upperbody strength, and accurately assess their own strength
(Archer & Thanzami, 2007; Sell et al., 2010; Sell, Cosmides,
et al., 2009; Sell, Tooby, & Cosmides, 2009). Consistent
with the argument that these abilities have an evolved
basis, previous research has shown that 10- to 13-monthold preverbal infants make predictions of social outcomes
between agents on the basis of relative physical size
(Thomsen et al., 2011).
As predicted on the basis of the AWA model, men with
greater upper-body strength feel more entitled to advantageous outcomes and have lower thresholds for aggression
in conflicts of interest (Archer & Thanzami, 2007; Hess
et al., 2010; Sell, Tooby, & Cosmides, 2009; von Rueden
et al., 2008). In contrast, direct physical aggression was a
less rewarding strategy for women over human evolutionary history, both because women had less to gain and
more to lose from aggression (Campbell, 1999) and
because they were at an enduring disadvantage in aggression as a result of the evolved upper-body strength differential between men and women (Lassek & Gaulin,
2009). Hence, a person’s upper-body strength is predicted
to (and has been found to) play a role in male but not in
female decisions involving conflict (Sell, Tooby, &
Cosmides, 2009). In short, previous research supports the
claim that among modern humans, a man’s own upperbody strength is taken as an input variable to the decision
system that regulates how strongly to assert self-interest in
conflicts of interest (Sell, Tooby, & Cosmides, 2009).

Economic Redistribution as Conflict
Over Resources
Whether they focus on rational choice or heuristic
processes, standard models of judgment and decision
making assume that somatic variables such as upperbody strength are irrelevant to the choices people make
(Gilovich, Griffin, & Kahneman, 2002). Correspondingly,
in the study of political decision making, most accounts
assume that orientations about modern political conflicts
are generated by cultural, historical, or social processes
without input from somatic variables in the self. Yet if, as
hypothesized, individual dispositions about modern
political conflicts are partly generated by evolved mechanisms designed for evolutionarily recurrent conditions,
then the AWA model predicts that men with greater
upper-body strength should be more likely to adopt
political positions that increase their share of resources,
whereas men with lesser upper-body strength should be
more likely to adopt positions that relinquish resources
demanded by other individuals. In contrast to its predictions for men, the model predicts that this relationship
should be weaker or absent among women (Sell, Tooby,
& Cosmides, 2009). To test the association between
upper-body strength and political positions, we focused
on a key resource conflict in modern politics: the redistribution of income and wealth.
Analyzed without the complications of macroeconomics, income and wealth redistribution is a simple conflict
of interest between individuals whose share of resources
would increase following redistribution (i.e., those who
are poorer) and individuals whose existing share would
be reduced (i.e., those who are richer). If economic
redistribution is interpreted by the evolved mechanisms
of the mind as a form of resource conflict, then the issue
of redistribution should activate the components of
human psychology that evolved to handle such conflicts.
If human decision-making adaptations evolved to regulate the assertion of self-interest on the basis of fighting
ability, then the fighting ability of men should predict
their positions on economic redistribution. Specifically,
men with greater upper-body strength should more
strongly favor redistribution if they are poor but oppose
it if they are wealthy. This theory predicts the existence
of a two-way interaction between males’ socioeconomic
status (SES) and their upper-body strength on support for
redistribution. First, for males of low SES, physical
strength should positively correlate with support for
redistribution; second, for males of high SES, physical
strength should negatively correlate with support for
redistribution. Women’s upper-body strength, in contrast,
should have little or no effect on their support for
redistribution.
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Rational-choice theory is the dominant theory of pursuit of self-interest in the social sciences. In modern society, male upper-body strength continues to be correlated
with success in interpersonal conflicts (Sell, Tooby, &
Cosmides, 2009; Sell et al., 2012), which is consistent
both with the existence of an evolved AWA-based psychology and with rational decision making that recognizes that in some individual-level conflicts, personal
fighting ability may be instrumentally useful. However,
when it comes to redistributive policies in modern states,
any rational connection between personal upper-body
strength and payoffs from assertion of self-interest is severed. Here, payoffs are determined by large-scale economic policies enacted by democratically elected
representatives and enforced by the state. To the extent
that upper-body strength shapes assertion of self-interest
on policies of economic redistribution, this would provide clear support for an evolutionarily based theory of
political orientation rather than a rational-choice
perspective.

Method
To test the predictions entailed by the AWA model about
support for economic redistribution, we collected data
on upper-body strength, SES, and support for economic
redistribution in three countries: Argentina (113 males,
110 females; mean age = 21 years, SD = 3.03), the United
States (211 males, 275 females; mean age = 19 years,
SD = 3.35), and Denmark (421 males, 372 females; mean
age = 48 years, SD = 13.91; the Danish sample was nationally representative). Fighting ability was operationalized
as the circumference of the flexed bicep of the dominant
arm—the single best morphological predictor of upperbody strength (Sell, Cosmides, et al., 2009). SES was measured with questionnaires about social and economic
background. To measure support for economic redistribution, we asked subjects to state their degree of agreement or disagreement with a number of statements about
redistribution. All measures were z-scored prior to analysis. (See the Supplemental Material available online for
more details on the methods, including descriptions of
the measures of SES, upper-body strength, and support
for economic redistribution, as well as additional validation analyses.)

Results
Does upper-body strength influence support for economic redistribution in men? Yes. As predicted, for men
of high SES, the correlation between strength and support for redistribution was negative, whereas for men
of low SES, the correlation was positive (see Fig. 1).
In other words, strong men of high SES opposed redistribution, whereas strong men of low SES favored

redistribution. Using ordinary-least-squares regression,
we regressed subjects’ support for redistribution on their
SES, upper-body strength, and the interaction of these
two factors for males and females separately. For males,
there was a highly significant interaction effect in all
three countries—Argentina: F(1, 98) = 7.83, p = .003, r2 =
.082; United States: F(1, 201) = 6.22, p = .007, r2 = .032;
Denmark: F(1, 414) = 9.70, p = .001, r2 = .124 (one-tailed
ps). Figure 1 displays the marginal effects of male upperbody strength (with associated confidence intervals) on
support for redistribution and how that effect changes
with different levels of SES. These effects were robust to
the inclusion of control variables such as age, body mass
index, political ideology, and physical exercise (see the
Supplemental Material). It is telling that the effect of
strength on support for redistribution remained after controlling for political ideology, which suggests that political ideology can be broken down into different evolved
domains that are each regulated by distinct evolutionarily
relevant variables (Hatemi & McDermott, 2011; Petersen,
Sznycer, Cosmides, & Tooby, 2012).
Does upper-body strength influence support for economic redistribution in women? No. Regarding female
subjects, nowhere was the interaction of upper-body
strength and SES on support for economic redistribution
statistically significant—Argentina: F(1, 87) = 1.38, p =
.24; United States: F(1, 268) = 0.39, p = .54; Denmark: F(1,
366) = 0.12, p = .73 (two-tailed ps). Furthermore, the
interaction of upper-body strength and SES on support
for redistribution was stronger for men than for women
in all tested countries, and the difference reached significance in both the United States and Denmark. This was
indicated by a three-way interaction between sex, upperbody strength, and SES on support for redistribution—
United States: F(1, 469) = 5.69, p = .009; Denmark: F(1,
780) = 3.40, p = .033 (one-tailed ps). In Argentina, the
three-way interaction was not significant—Argentina:
F(1, 185) = 0.12, p = .364, one-tailed. The effect size of
this interaction was comparable in the Argentine and
Danish samples ( = 0.09 and = 0.13, respectively);
however, the data from the Argentine sample, less than a
third of the size of the Danish sample, lacked the statistical power to reach conventional significance levels.
As predicted, physical strength was positively correlated with support for economic redistribution among
low-SES males. However, as SES increased above average, the effect of upper-body strength on support for
redistribution became negative; in other words, among
higher-SES men, physical strength was correlated with
opposition to redistribution. Because redistribution policies have the effect of shifting resources from higher- to
lower-SES individuals, the results indicate that physically
stronger males (rich and poor) are more prone to bargain
in their own self-interest, supporting proposals for redistribution if they are poor and resisting those proposals if
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Fig. 1. Effect of upper-body strength in men on support for economic redistribution as a function of socioeconomic status. Results are shown separately for Argentina (N = 102), the United States (N = 205), and Denmark (N = 418). Solid lines show predicted effect sizes, and dashed curves indicate 90% confidence intervals
of the given effect sizes (equivalent to one-tailed ps). Effect sizes are unstandardized regression coefficients
based on z-scored variables.
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they are rich. In contrast, weaker males (rich and poor)
are less likely to contest proposals that run against their
own self-interest, showing less support for redistribution
if they are poor and less resistance to redistribution if
they are rich. As predicted, in all three countries, the
same statistical pattern was found only among men.

Discussion
The AWA model of animal conflict predicts that animals
use advantages in fighting ability to bargain for increased
access to resources. Equally, it predicts that attempts to
self-interestedly increase resource shares should not be
initiated when at a competitive disadvantage. The findings reported here show that this model generalizes to
humans and successfully predicts the distribution of support for, and opposition to, economic redistribution in
three different nations.
We tested a key prediction derived from animalconflict theory: Individuals with greater fighting ability
(here, upper-body strength) should seek larger shares
of contested resources. We showed that upper-body
strength in modern adult men influences their willingness to bargain in their own self-interest over income
and wealth redistribution. These effects were replicated
across cultures and, as expected, found only among
males. The effects in the Danish sample were especially
informative because it was a large and representative
national sample.
These findings also offer a solution to one of social
science’s key puzzles: Despite the fact that rational-choice
theory is a dominant theory in social science, many
empirical studies have found that self-interest has only
small effects on political attitudes (Kumlin, 2007). On this
basis, critics have argued that political attitudes are
divorced from self-interest and are instead derived from
abstract political principles (Sears & Funk, 1991; Sears,
Lau, Tyler, & Allen, 1980). The present findings show,
however, that the assertion of interest in mass politics is
reliably calibrated by physical strength, a factor relevant
to ancestral bargaining in men. It is not that self-interest
is irrelevant—rather, decision-making systems for bargaining are simply designed to reflect self-interest in a
cost-effective way, assuming evolutionarily recurrent
small-scale social conditions.
Although individual differences in upper-body strength
were consequential in ancestral conflicts of interest and
continue to be relevant in many interpersonal disputes
today, physical strength is objectively irrelevant to the
personal payoffs of particular distributional schemes at
the national level: National policies on issues such as
economic redistribution are determined by anonymous
voting, electoral representation, and the numerical power
of the factions in the legislature. Furthermore, they are
enforced by the state rather that by the individual. Yet

our results demonstrate that physically weak males are
more reluctant than physically strong males to assert their
self-interest—just as if disputes over national policies
were a matter of direct physical confrontation among
small numbers of individuals, rather than abstract electoral dynamics among millions.
It should be noted that it remains possible that individuals partially recognize the irrelevance of individual
fighting ability in the domain of mass social dynamics. It
may be that the weighing of physical strength in decision
making negatively covaries with the number of individuals involved in a conflict, such that strength influences
processing about abstract large-scale political conflict
less than processing about small-scale interpersonal disputes. Future research that directly compares the influence of fighting ability on parallel decisions in small- and
large-scale settings would be able to determine whether
increasing the number of individuals involved downregulates the strength effect.
Furthermore, the findings of this study are silent with
regard to the precise proximate variables that mediate
between upper-body strength and psychological traits.
One candidate is testosterone, which previous research
has linked to both strength (Isidori et al., 2005) and
aggression (Archer, 2004). If valid, endogenous endocrine release of testosterone would be regulated by
mechanisms designed to monitor upper-body muscle
mass in the self and others. At the same time, it should be
noted that the association in men between upper-body
strength and aggression is unlikely to be just the product
of testosterone, as the effects of strength on aggression
are substantially greater than the established effect of testosterone on aggression (Archer, 2004; Sell, Tooby, &
Cosmides, 2009).
Humans are undeniably complex and unusual animals,
and other more traditionally accepted factors certainly
play a role in determining how individuals approach mass
politics. Nevertheless, modern mass political conflict
appears to be another important domain of human behavior in which decision making bears the stamp of our species’ hunter-gatherer past.
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Abstract
Social-welfare policies are a modern instantiation of a phenomenon that has pervaded human evolutionary history:
resource sharing. Ancestrally, food was a key shared resource in situations of temporary hunger. If evolved human
psychology continues to shape how individuals think about current, evolutionarily novel conditions, this invites the
prediction that attitudes regarding welfare politics are influenced by short-term fluctuations in hunger. Using blood
glucose levels as a physiological indicator of hunger, we tested this prediction in a study in which participants were
randomly assigned to conditions in which they consumed soft drinks containing either carbohydrates or an artificial
sweetener. Analyses showed that participants with experimentally induced low blood glucose levels expressed
stronger support for social welfare. Using an incentivized measure of actual sharing behavior (the dictator game), we
further demonstrated that this increased support for social welfare does not translate into genuinely increased sharing
motivations. Rather, we suggest that it is “cheap talk” aimed at increasing the sharing efforts of other individuals.
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Social-welfare institutions represent intricate systems for
exchanging resources in modern society. At the same
time, social welfare is a token of the more general phenomenon of resource sharing, which has pervaded
human evolutionary history (Kaplan & Gurven, 2005). In
particular, the sharing of food among nonkin most likely
predates modern society by millions of years (Hublin,
2009; see also Stiner, Barkai, & Gopher, 2009) and is
found throughout the anthropological record (e.g.,
Gurven, 2004; Sugiyama, 2004) as well as among nonhuman animals (Kavanagh, 1972). Thus, there is reason to
expect humans to have evolved a sophisticated psychology of food sharing designed to regulate and incentivize
sharing in situations of hunger. In the present study, we
investigated whether mental programs that originally
evolved to regulate food sharing shape how humans
think about sharing in the form of modern social
welfare.
Anthropological observations suggest that foraging
human ancestors regularly experienced hunger. For
example, anthropological studies of foraging societies
have shown that hunters regularly return empty-handed,
and success rates in the hunting of large game can be as

low as 4% (Hawkes, O’Connell, & Blurton Jones, 1991;
Kaplan, Hill, Lancaster, & Hurtado, 2000). Consequently,
it is plausible that human psychology evolved through
natural selection to respond adaptively to body-energy
depletion with motivations and behaviors that would
help individuals acquire resources by means other than
foraging (Kurzban, 2010; Petersen, Aarøe, Jensen, &
Curry, 2013; Wang & Dvorak, 2010).
Consistent with this view, results from previous studies
have revealed profound psychological effects of hunger.
Focusing on fluctuations in blood glucose as a marker of
low body energy, researchers have documented that
blood glucose levels elicit behavior related to heightened
greed, such as decreased self-control and impulse
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inhibition, increased risk taking, and greater discounting
of the future (e.g., Briers, Pandelaere, Dewitte, & Warlop,
2006; Gailliot & Baumeister, 2007; Gailliot et al., 2007;
Hagger, Wood, Stiff, & Chatzisarantis, 2010; Muraven,
Pogarsky, & Shmueli, 2006; Symmonds, Emmanuel, Drew,
Batterham, & Dolan, 2010; Wang & Dvorak, 2010). Most
researchers have interpreted such observations as evidence that the depletion of important metabolic resources
constrains self-control (e.g., DeWall, Baumeister, Gailliot,
& Maner, 2008; DeWall, Deckman, Gailliot, & Bushman,
2011; Gailliot & Baumeister, 2007). However, these findings are equally interpretable as the activation, in states
of resource depletion, of adaptive strategies for aggressive resource acquisition involving directly seizing
resources from other individuals and defending already
held resources.
There is reason to believe that such strategies coexist
with alternative strategies aimed at acquiring resources
through the willful sharing of other individuals. Research
in anthropology has shown that most occurrences of
temporary hunger in small-scale societies are alleviated
not through aggression but through peaceful sharing
(Gurven, 2004), that acquiring food through aggressive
means is punished (Erdal & Whiten, 1996), and that the
importance of nonaggressive begging is zoologically
widespread (e.g., McGrew & Feistner, 1992; Raabe, 2003).
Given that sharing systems have been a major source of
food in dire times throughout human evolutionary history, an ecologically rational strategy for hungry individuals would be to signal the kind of cues that would activate
such systems and induce other individuals to transfer
resources willfully (Petersen et al., 2013). Proximally, this
would be felt as an increase in (a) the value placed on
sharing and (b) the motivation to express support for
sharing in the hungry individual. Ultimately, verbal
expressions of support for sharing could serve to remind
potential food donors about norms of communal sharing
and reciprocal obligations. Hence, in any complex social
context, an array of norms exists that can be appealed to
(DeScioli & Kurzban, 2013). By making sharing norms
salient for potential food donors, individuals can increase
the likelihood of resource transfers (see, e.g., Bicchieri &
Chavez, 2010; Brañas-Garza, 2007). This is especially the
case when the potential donors are satiated because satiation reduces the marginal costs of transferring food
(Blurton Jones, 1984).
Whereas food-transfer systems existed as informal
small-scale exchange networks throughout most of human
evolutionary history (Kaplan & Gurven, 2005; Kelly, 1995),
the sharing of resources in the large-scale setting of mass
politics—economic redistribution—is managed by an evolutionarily novel and highly complex system: the modern
welfare state (Esping-Andersen, 1990). Previous research
has suggested that individuals’ representations of many
culturally modern phenomena are shaped by mental

programs that evolved to process evolutionarily recurrent
equivalents (Hagen & Hammerstein, 2006; Petersen, 2012).
We therefore expect that the mental programs that evolved
to regulate behavior in situations of hunger shape attitudes
on the mass political issue of social welfare (see also
Petersen et al., 2013).
This invites the prediction that fluctuations in blood
glucose levels as a physiological marker of hunger affect
attitudes and behavior in the domain of social welfare
(see Blood Glucose Levels in the Supplementary Methods
section of the Supplemental Material available online).
We expect that to make sharing norms salient, individuals
with lower blood glucose levels will express greater attitudinal support for sharing in the modern form of social
welfare (Prediction 1). At a theoretical level, we suggest
that this attitudinal support is a signal aimed at increasing
the sharing of others rather than a reflection of elevated
behavioral sharing dispositions in the self—giving up
actual resources is costly for hungry individuals (Blurton
Jones, 1984). If correct, this leads to a second prediction:
When given actual incentivized opportunities to redistribute resources, the hungry self’s expression of support
for sharing will be countervailed by motivations to keep
resources and will not necessarily translate into increased
sharing at the behavioral level (Prediction 2).

Method
Participants and procedure
To test the predictions, we recruited 104 university students aged 19 to 47 (M = 23.5, SD = 3.7) to participate in
an experiment. Fifty-two participants were assigned to
the treatment condition (25 females, 27 males), and 52
participants were assigned to the control condition (25
females, 27 males).
Participants were instructed not to eat or drink anything for 4 hr prior to the experiment (for further details
about procedures, see Supplementary Information on
Procedures in the Supplementary Methods section of the
Supplemental Material). On arrival (Time 1, or T1), participants were randomly assigned to conditions, and their
initial level of blood glucose was measured. Following
Wang and Dvorak’s (2010) procedure, we had participants consume a caffeine-free soft drink containing either
carbohydrates (Sprite, treatment condition) or an artificial
sweetener (Sprite Zero, control condition). Participants
then rated the pleasantness of the drink. The participants
had their blood glucose levels measured a second time
approximately 10 min after they had consumed the soft
drink. After this second blood glucose measurement, our
dependent variables—support for social welfare and
redistributive behavior—were measured. Finally, blood
glucose levels were measured a third time immediately
prior to participants’ leaving the lab (M = 16.6 min after
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the second measurement). To increase reliability, we
used the maximum observed value from the last two
measurements as our Time 2 (T2) measure of blood glucose level (see Blood Glucose Levels in the Supplementary
Methods section of the Supplemental Material).
All empirical tests were conducted using structural
equation modeling. Standardized coefficients with robust
standard errors (where applicable) are reported. For all
directional predictions, we report p values based on
directed tests (cf. Rice & Gaines, 1994). For further details,
see Stata and Structural Equation Modeling in the
Supplementary Methods section of the Supplemental
Material.

Measures
To measure support for social welfare, we asked participants to indicate how much they agreed with six statements about social welfare. Scores were summed to a
satisfactorily reliable scale ( = .82), with higher values
indicating stronger support for social welfare (for more
details and the full list of items, see Support for Social
Welfare in the Supplementary Methods section of the
Supplemental Material).
To measure actual incentivized sharing behavior, we
relied on behavior in a dictator game (cf. Camerer, 2003).
Participants were asked to divide 2,000 Danish kroner
(approximately $350) between themselves and another
anonymous participant in the study. They were instructed
to divide the sum as they saw fit and were told that 2
participants chosen at random would actually receive the
money (for more details, see Actual Sharing Behavior in
the Supplementary Methods section of the Supplemental
Material).

Results
Do individuals who consume soft
drinks without carbohydrates express
greater support for social welfare?
To test Prediction 1, we analyzed the effect of the glucose
treatment on support for social welfare. Following Wang
and Dvorak (2010), we estimated this effect by controlling for gender, the perceived pleasantness of the drink,
blood glucose levels at T1, and length of fasting to rule
out possible effects due to gender differences in metabolism, initial differences in body energy, and mood-dependent preferences. The model showed a significant effect
of the treatment on support for social welfare, such that
participants who consumed the carbohydrate soft drink
were less supportive of social welfare than were participants who consumed the soft drink without carbohydrates ( = 0.16, p = .05). This difference corresponds
to an almost 10% decrease in social-welfare support
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(control group: ŷ = .58; glucose-treatment group: ŷ = .53;
control variables kept at their mean and mode).
Consistent with Prediction 1, results showed that
individuals with low body energy expressed stronger
attitudinal support for social welfare (for results from
ordinary-least-squares regression analyses, see Supplementary Analyses Using OLS Regression in the Supplementary Results section of the Supplemental Material).
In the Supplemental Material, we report results from
additional analyses demonstrating that individuals with
low blood glucose also expressed stronger motivation to
disseminate information that was likely to increase the
welfare support of other individuals. This finding provides more direct evidence that a component of the hunger effect is to remind other individuals of sharing norms.
(In the Supplemental Material, see Motivation to
Disseminate Information That Is Likely to Increase the
Welfare Support of Others, in the Supplementary Methods
section, and Effects of the Glucose Treatment on the
Motivation to Disseminate Welfare-Relevant Information,
Correlations Between Change in Blood Glucose Levels
and Measures Related to Social Welfare, and Supplementary Analyses Using OLS Regression, in the Supplementary
Results section, for full details.)

Is the effect of the glucose treatment
on support for social welfare mediated
by blood glucose levels?
To test Prediction 1 further, we investigated whether the
effect of the glucose treatment on social-welfare support
was mediated by differences in blood glucose levels. To
this end, we conducted an observed-variable path analysis (see Fig. 1). Following Wang and Dvorak (2010), we
specified support for social welfare as the dependent
variable, the T2 blood glucose level as the mediator variable, and the soft-drink condition, body mass index of
the participant, and T1 blood glucose as the exogenous
variables. The experimental condition with consumption
of Sprite was coded as 1, and the condition with consumption of Sprite Zero was coded as 0. The T2 blood
glucose level was specified as the full mediator of the
experimental condition, and all other possible recursive
paths were included in the model.
This mediational model had an excellent fit—goodness of fit: 2(1, N = 104) = 0.57; p = .45; root-meansquare error of approximation
.00; comparative fit
index 1.00. As expected, results showed that consumption of the carbohydrate soft drink was positively associated with T2 blood glucose ( = 0.69, p < .001). We also
observed that T2 blood glucose was negatively associated
with support for social welfare ( = 0.23, p = .02), which
implies, as predicted, that individuals with low blood glucose levels express stronger attitudinal support for social
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Condition:
Sprite vs.
Sprite Zero

T1 Blood
Glucose
Level

β = 0.69
p < .001

β = 0.41
p < .001

T2 Blood
Glucose
Level

β = –0.23
p = 0.02

SocialWelfare
Support

Fig. 1. The effect of the experimental manipulation of blood glucose levels (condition) and blood glucose level at Time 1 (T1) on social-welfare support, as mediated by blood glucose level at Time 2 (T2).
Only significant paths (p < .05) are displayed.

welfare. This effect establishes a significant indirect path
from soft-drink condition to support for welfare ( =
0.16, p = .02), which suggests that the effect of the soft
drink on welfare support was driven by physiological
reactions to the glucose content. We also observed an
indirect effect of T1 blood glucose level on support for
social welfare ( = 0.10, p = .02).

Do the prosocial effects of low
blood glucose generalize to actual
redistributive behavior?
According to Prediction 2, a potential resource-acquisition strategy in situations of hunger is to remind others of
the importance of sharing to increase their contributions
while simultaneously keeping resources available for
oneself. In other words, the heightened prosociality associated with support for social welfare in situations of low
body energy might not generalize to behavior.

To test Prediction 2, we performed another observedvariable path analysis. Extending the model shown in
Figure 1, we added behavior in the dictator game as an
endogenous variable and specified additional paths (see
Fig. 2). First, we specified an indirect path from T2 blood
glucose level to sharing behavior through social-welfare
support. Second, we specified an unmediated path from T2
blood glucose level directly to sharing behavior to estimate any countervailing effects at the behavioral level. In
addition, paths from the two control variables, body mass
index and T1 blood glucose, to sharing behavior were
added to the model. Besides these extensions, the model
was equivalent to the model depicted in Figure 1. This
extended model also showed an excellent fit with the
data— 2(2, N = 104) = 2.85; p = .24; root-mean-square
error of approximation = .06; comparative fit index = .99.
We found that social-welfare support was positively
associated with sharing behavior in the dictator game
( = 0.40, p < .001). Because blood glucose level is
negatively associated with social-welfare support (cf. our

β = –0.23,
p = .02

Social-Welfare
Support

β = 0.40,
p < .001

T2 Blood
Glucose Level
β = 0.17,
p = .06

Sharing
Behavior

Fig. 2. The effects of blood glucose level at Time 2 (T2) on social-welfare support and sharing behavior
in the dictator game. Only variables with direct and significant or marginally significant (p .06) effects
on social-welfare support or sharing behavior are displayed.
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earlier analysis), social-welfare support establishes a significant indirect path from blood glucose level to sharing
behavior in the dictator game ( = 0.09, p = .02). Thus,
as shown in Figure 3, there was a negative indirect correlation between blood glucose and the amount shared
in the dictator game: Lower blood glucose levels increased
support for social welfare, which in turn was associated
with increased donations to other individuals. It is important to note, however, that consistent with Prediction 2,
results showed that T2 blood glucose had a direct countervailing positive association with donations in the dictator game ( = 0.17, p = .06; see Figs. 2 and 3). When
people are given actual incentivized opportunities to distribute resources, the apparent prosocial effects of low
blood glucose levels are offset by a countervailing motivation for keeping resources.
Thus, as shown in Figure 3, the total net effect of T2
blood glucose levels on actual redistributive behavior
was null: Individuals with low levels of blood glucose did
not share more resources ( = 0.08, p = .29), although
they moralized that people ought to. Consistent with this
finding, results of an analysis of the overall effect of the
experimental glucose treatment, rather than of T2 blood
glucose, on sharing behavior also showed an insignificant effect ( = 0.04, p = .45; this analysis used the statistical setup used in the initial test of Prediction 1). The
expressed prosociality in conditions of hunger is, in other
words, “cheap talk.” This is consistent with the theoretical
notion that the effects of hunger on social-welfare

Effect of T2 Blood Glucose Level on
Donations

0.20

5
support do not reflect genuine increased prosociality but,
rather, constitute a strategy designed to induce other
individuals to transfer resources.

Conclusion
This study is the first to test the effects of blood glucose
fluctuations on political attitudes. We showed that individuals with low body-energy levels (a) express greater
support for social welfare but (b) do not share more
resources with other individuals when given actual, incentivized possibilities. Low blood glucose as a physiological
indicator of hunger seems to proximally increase the value
put on resource transfers and, as revealed by additional
analyses (detailed in Effects of the Glucose Treatment on
the Motivation to Disseminate Welfare-Relevant Information
in the Supplementary Results section of the Supplemental
Material), the motivation to disseminate expressions of
support for such transfers. In terms of ultimate functions,
we argue that these proximate effects indicate that hunger
activates clusters of strategies working together to alleviate
hunger through resource acquisition by means other than
foraging: Strategies for keeping and defending resources
are joined by attempts to increase the willful sharing of
other individuals by reminding them of sharing norms. In
this perspective, the increased prosociality is a strategic
social signal to other individuals.
The ultimate functions of the “cheap” prosocial effects
of hunger, however, must be verified further in future

β = 0.17, p = .06

β = 0.08, p = .29

0.10

0.00

–0.10

–0.20

β = −0.09, p = .02

Indirect Path
Through SocialWelfare Support

Direct Path

Total Effect

Fig. 3. Effects of Time 2 (T2) blood glucose levels on sharing behavior in the dictator game: coefficients for the indirect path through social-welfare support, the direct
path, and the total effect.

6
research. First, because all dependent measures were
obtained through pen-and-pencil questionnaires—and,
hence, were private—we are in no position to provide
direct evidence of social signaling per se. Second, the
results of the present study cannot directly verify that
signals about sharing norms do indeed serve the presumed function and, hence, increase resource transfers in
other individuals (although some previous evidence
exists, e.g., Bicchieri & Chavez, 2010; Brañas-Garza,
2007). Finally, although we observed that countervailing
motivations for keeping resources rendered motivations
to support sharing “cheap,” the net effect of these opposing motivations could differ from situation to situation
depending on their relative intensity.
In line with recent research, our findings vindicate
Aristotle’s notion of humans as political animals (Hatemi
& McDermott, 2011). The human mind is equipped with
mental programs designed by natural selection to adaptively navigate the social problems of the small-scale
hunter-gatherer society. These programs continue to
shape how people think about equivalent political problems in the modern world.
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Assortative Mating on Ideology Could Operate
Through Olfactory Cues
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Mates appear to assort on political attitudes more than any other social, behavioral, or physical trait, besides religion. Yet
the process by which ideologically similar mates end up together remains ambiguous. Mates do not appear to consciously
select one another based on ideology, nor does similarity result from convergence. Recently, several lines of inquiry have
converged on the finding that olfactory processes have an important role in both political ideology and mate selection. Here
we integrate extant studies of attraction, ideology, and olfaction and explore the possibility that assortation on political
attitudes may result, in part, from greater attraction to the scent of those with shared ideology. We conduct a study in which
individuals evaluated the body odor of unknown others, observing that individuals are more attracted to their ideological
concomitants.

S

imilarity between spouses is common across domains, but in humans, long-term mates correlate
more highly (between 0.60 and 0.75) on social and
political attitudes than almost any other trait, with the exception of religion (Alford et al. 2011; Byrne 1961; Cavior,
Miller, and Cohen 1975; Curry and Kenny 1974; Eaves et
al. 1999; Eaves and Hatemi 2011; Feng and Baker 1994;
Hatemi et al. 2010; Martin et al. 1986; Stoker and Jennings
1995, 2006; Zietsch et al. 2011; Zuckerman, Fitzgerald,
and Dasovic 2005). The processes that result in religious
assortation are well understood, resulting largely from
social homogamy and proximity effects (e.g., Eaves, Martin, and Heath 1990; Kalmijn 1998). However, we know
much less about the mechanisms that produce high levels
of spousal correlation on left-right political dimensions.
Unlike religion, assortative mating on attitudes does not
appear to result from partners becoming more similar
over time, social homogamy, or direct selection (Alford
et al. 2011; Klofstad, McDermott, and Hatemi 2012, 2013;
Kofoed 2008; Rantala and Marcinkowska 2011).
The findings that attitudes are not only socially
driven, but are equally informed by genetic and neurobiological mechanisms may provide valuable insight

into understanding some of the foundations of assortative mating on the basis of political ideology. A growing
body of evidence reveals that the mechanisms that account for differences in ideological attitudes are genetically and biologically influenced and conscript olfactory
processes (Chapman et al. 2009; Chapuisat 2009; Fowler
and Christakis 2013; Fowler and Schreiber 2008; Haidt
2012; Hatemi et al. 2011; Hatemi et al. 2014; Herz and
Inzlicht 2002; Inbar et al. 2012; Inbar, Pizarro, and Bloom
2012; Navarrete and Fessler 2006). In this research note,
we integrate these lines of inquiry and reveal that people
find the smell of ideologically similar others more attractive, thereby providing preliminary evidence suggesting
that one of the mechanisms by which political assortative
mating occurs is through subconscious sexual attraction
to variant body odors.

Olfaction and Mate Selection
Olfactory mechanisms have proven important in mate
seeking and reproduction in both humans and animals
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because smell may signal mate immunocompetence, social compatibility, or other characteristics associated with
mate quality and optimal reproduction (Blaustein 1981;
Brennan 2004; Folstad and Karter 1992; Milinski and
Wedekind 2001; Miller, Tybur, and Jordan 2007; Penn
and Potts 1998; Thornhill and Gangestad 1999). While
most senses operate through the brain stem and thalamus, the olfactory bulb has direct connections with the
seat of emotion in the amygdala and the center of memory in the hippocampus. This indicates the importance
that natural selection placed on odorants, in some ways
privileging speed of learning by smell over that offered by
vision or hearing. For example, Herz and Inzlicht (2002)
found that women ranked body odor as more important
for attraction than any other physical factor, including
looks; only the social factor of “pleasantness” emerged
more dominant in evaluations. Moreover, liking someone’s natural body odor was the most influential olfactory
variable driving sexual interest for both men and women.
The most prominent explanation for how attraction
operates through olfactory and chemosensory channels
has relied on the finding that individuals tend to be more
attracted to the odor of those whose major histocompatibility complex (MHC) offers optimal complementarity to
one’s own (Brennan 2004; Thornhill et al. 2003; Wedekind
and Furi 1997). MHC variants have a significant role in
immune, odor, and kin recognition; susceptibility to diseases; mate selection; and pregnancy outcomes. Indeed,
many scholars propose that the loss of MHC variation
negatively affects population survival (Radwan, Biedrzycka, and Babik 2010). Milinski et al. (2013) find that
humans have the ability to detect and evaluate MHC
peptides in body odor, and this ability is mediated by
genotype, which may provide a basis for the sensory evaluation of potential partners during human mate choice
(Davis 2013; Woelfing et al. 2009).1 In this way, optimal
complementarity in MHC may include some combination of different and shared MHC alleles (Nowak, TarczyHornoch, and Austyn 1992).
MHC, however, constitutes only one mechanism
by which olfactory processes influence sexual selection
(Havlicek and Roberts 2009). Indeed, numerous other
mechanisms have been proposed to explain why individuals find those with particular scents more attractive,
including processes of imprinting, defined as acquisition
of sexual preferences that emerge through unrewarded
experiences with parents beginning in utero, and contin1

There remains some debate as to whether MHC retains as substantial a role in social behavior (reviewed in Penn and Potts 1999).
For example, much of the evidence that supports MHC’s influence
on sexual selection operating through heterozygous attraction is
based on inbred groups of mice.
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uing through early development (Bereczkei, Gyuris, and
Weisfeld 2004; Rikowski and Grammer 1999; Thornhill
and Gangestad 1999), and pathogen avoidance (Faulkner
et al. 2004; Navarrete and Fessler 2006). We discuss these
processes in more detail below.

Olfaction and Political Ideology
Why and how might smell signals be linked to political ideology? Smell signals help maximize prospects for
disease avoidance, cheater detection, defense against outgroups, and social cohesion (Chapuisat 2009; Fowler and
Christakis 2013). These topics are embedded within attitudinal measures of ideology. For example, greater disgust sensitivity, which is intimately interconnected with
the neural substrates of smell, predicts more conservative
positions, particularly around issues involving morality
and sexual reproduction. These underlying, physically
experienced predilections can come to be expressed as
opinions on such topics as abortion, homosexuality, gay
marriage, and a host of other ideological topics (Heining
et al. 2003; Inbar et al. 2012; Inbar, Pizarro, and Bloom
2012; Phillips et al. 1997). In a related vein, Navarrete
and Fessler (2006) find that ethnocentrism represents an
evolved function designed to avoid disease and to protect individuals from dissimilar others. These attitudes
manifest in left-right political orientations (for earlier developments, see Faulkner et al. 2004; Folstad and Karter
1992).

Olfaction, Mating, and Political
Ideology
Olfaction correlates in specific ways with differing
political preferences through genetic and biological
mechanisms similar to those employed in choice of
sexual partners. As noted above, spouses and long-term
partners appear to be more similar in their political preferences than almost any other trait. This affinity exists
prior to marriage, and the length of marriage appears to
have little effect on spousal similarity in ideology (Alford
et al. 2011; Caspi and Herbener 1993; Feng and Baker
1994; Kofoed 2008; Watson et al. 2004). Suggestively,
Hatemi et al. (2011) identified several genomic regions
that account for variation in ideological orientation, one
of which contained a large number of olfactory receptors.
They proposed that “if olfactory receptors account for
some variation on political preferences, they may do so
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through intended optimal breeding and rearing strategies
such as spousal selection” (Hatemi et al. 2011, 280). Davis
(2013), in a thorough examination of genetics and mate
selection, provides evidence that genotype influences
how attractive a person is to a potential partner because
suitable mates display differential smell preference for
partners with an optimal genetic code for them. In this
way, people may be subconsciously choosing an optimal
mating partner who would increase the probability of
having children with more social and genetic advantages.
These dynamics may represent an extension of imprinting whereby offspring “fashion a mental model
of their opposite–sex parent’s phenotype that is used
as a template for acquiring mates” (Bereczkei, Gyuris,
and Weisfeld 2004, 1129). For example, fetuses come to
prefer scents that most populate their mother’s world
(Browne 2008), and humans, including mothers, spend
most of their time around ideologically similar others
(e.g., Fowler, Settle, and Christakis 2011; Posner et al.
1996). If social attitudes are linked to odor, as the literature suggests, then one mechanism that odor preferences
transfer from parents to children may operate through
their mother’s choice of mate. In this way, social processes may drive some of the pathways by which individuals come to prefer those whose ideological “smell”
matches their own (e.g., Schaal, Marlier, and Soussignan
2000).
Political compatibility may also serve as a modern
representation of a host of mechanisms and values that
directly affect physiological and sexual compatibility as
well as child-rearing strategies. This is because parental
similarity in values increases the likelihood that such
individuals may be able to stay together long enough to
raise their children successfully into adulthood in order
to potentiate their own reproductive success. Uniform
parental rearing practices also provide consistently better
outcomes for child learning and development than
conflicting value structures (Block, Block, and Morrison
1981). In addition, parents who share particular political
values, and thus get along better, may find it easier to elicit
social support and social capital than those constantly
prone to infighting. Such social support increases health
and longevity (Cacioppo and Hawkley 2003; Hawkley et
al. 2003; Hawkley and Cacioppo 2003).
In summary, olfactory signals communicate important characteristics of mate quality, providing an efficient
evolutionary mechanism by which to enhance reproduction. In this way, attraction to the smell of those with
similar attitudes may reflect the ontological remnants of a
more primitive behavioral adaptation designed to ensure
reproductive success. We propose that modern assortation on political attitudes may rest, in part, on an evolved

system that is designed to optimize prospects for successful reproduction by selecting partners who closely align
on parental investment strategies and other critical values
regarding sex and reproduction. Just as adult individuals
prefer smells that populate their mother’s world in utero
and their world in childhood (Browne 2008; Mennella,
Jagnow, and Beauchamp 2001), we suggest that mates
find those who are homogamous on social and political
ideologies more attractive, and propose that this preference helps maximize prospects for successful and enduring mating, interpersonal bonding, and compatible
parenting strategies.

Materials and Methods
We conducted a study where participants rated the attractiveness of the body odor of unknown strong liberals
and strong conservatives, hereafter referred to as “target”
subjects; all “evaluator” subjects remained blind to the
ideology of the target samples. One hundred forty-six participants between 18–40 years old were drawn from a large
city in the northeast United States; half were drawn from
a volunteer subject pool associated with a large university,
and the other half were taken from the general population
solicited through media advertisements, electronic mailing lists, and other forms of social networks. Informed
consent was obtained from all participants. Twenty-one
target participants were selected for their high scores on
opposite ends of the political spectrum (10 liberals and
11 conservatives) and provided body odor samples, in
accordance with established protocols for sample collection and storage (Haselton and Gildersleeve 2011).
Eleven of these target participants were female and 10
were male (see the online supporting information for
cross-tabulations and additional descriptive information,
including instructions given to participants). Ideology
was measured using the standard 7-point (strongly liberal to strongly conservative) American National Election
Studies (ANES) self-report measure: “Here is a 7-point
scale on which the political views that people might hold
are arranged from extremely liberal to extremely conservative. Where would you place yourself on this scale?”
(ANES 2012). Target participants washed in fragrancefree shampoo and soap and then taped one 2×2 Johnson
& Johnson gauze pad to each underarm using Johnson
& Johnson paper tape, all of which we provided. Participants wore these pads for 24 hours following a strict
protocol that prohibited smoking, drinking, deodorants,
perfumes, being around strong odors or candles, animals,
eating strong-smelling foods, having sex, or sleeping in a
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FIGURE 1 Sample Population Ideology and Sex
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Note: The sexual categories are binary, and the ideological ones exist on a 7-point scale ranging from
very liberal (1) to very conservative (7).

bed with any other people or pets. Smokers, those who
reported more than four drinks a day, and menstruating
or pregnant women were excluded from the study. Compliance was ascertained when participants returned their
samples to the lab 24 hours later. One sample was excluded
because the participant wore the pads too long, returning them the day after they were requested, making this
sample not commensurate with the others. Samples were
transferred into sterile containers and frozen at –32 degrees Celsius in a secure freezer in the laboratory. A week
later, 125 participants evaluated the body odor of each of
the target participants by smelling each vial containing
a target participant’s gauze pads. Samples were thawed
one hour prior to use and used for two hours subsequent
to thaw. Each subject smelled each vial individually in
randomized order; vials were identified by number. Subject fatigue was minimized by having subjects smell small
pieces of paper dipped in peppermint essential oil between each sample to refresh the nasal canal, in keeping
with previous protocol in this area (Haselton and Gildersleeve 2011). Each subject rated the attractiveness of each
vial on a 5-point Likert scale ranging from least to most
attractive. In addition, each subject was asked to guess the
political ideology of each sample on the ANES left-right 7point continuum. Upon inquiry, no participant claimed

to recognize any target body odor. Figure 1 provides the
descriptives of our evaluator subject sample. The sample
is slightly more female and liberal, although we made every effort to recruit equal numbers by sex and across the
political spectrum, including contacting every Republican club at five universities in the greater metropolitan
area and asking the conservative subjects we ascertained
to contact any of their ideological compatriots and encourage them to participate in the study.

Analyses and Results
We estimated interpersonal attraction for odor as a function of both targets’ and evaluators’ ideologies and sex.
We use ordinary least squares with robust standard errors
clustered at the evaluator level. The dependent variable
is the reported level of attraction. Subtracting the target’s
average attractiveness and using this transformed variable as a dependent variable produces similar results. We
estimate several different models (see Table 1).
Model 1 uses binary versions of our ideology variables, classifying anyone with an ideology score of 4 and
up as conservative. As explanatory variables, we use an
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TABLE 1 Odor Attraction as a Function of
Ideological Similarity
Model 1
Same Ideology

Conservative Eval.
Conservative Target
Ideology of Eval.
Ideology of Target
Male Evaluator
Male Target
Avg. Target Attract
Avg. Eval. Attract
Constant
Observations

Model 3

0.0853
(0.0504)

−Abs. Ideology Diff.
Same Sex

Model 2

−0.144
(0.0430)
−0.00557
(0.00428)
0.0196
(0.0513)

0.0206
(0.0139)
−0.143
(0.0431)

−0.000919
(0.00101)
0.00561
(0.0120)
−0.0000277
0.000401
(0.00412)
(0.00417)
−0.0174
−0.0141
(0.0439)
(0.0464)
0.999
1.001
(0.0655)
(0.0654)
0.999
0.999
(0.00339)
(0.00367)
−3.576
−3.506
(0.231)
(0.233)
2195
2195

0.0226
(0.0156)
−0.143
(0.0443)

3.290
(0.142)
2195

Note: Standard errors are clustered at evaluator level in parentheses.

indicator for whether the evaluator is conservative (Conservative Eval.), whether the target is conservative (Conservative Target), and whether the target and evaluator
have the same ideology (Same Ideology). We also control
for sex, using indicators for whether the evaluator is a
male (Male Evaluator), whether the target is a male (Male
Target), and whether the target and evaluator both are
the same sex (Same Sex). Finally, we include the average
attractiveness of each target (Avg. Target Attract), as well
as each evaluator’s average reported attraction (Avg. Eval.
Attract).2 The results in Model 1 show a positive coefficient for targets and evaluators having the same ideology
(t = 1.69) and a negative coefficient on being the same
sex (t = –3.34), which is consistent with our theoretical
expectations.
2

We are aware that some of these results might be distorted by
individual subjects’ sexual orientation. However, the institutional
review board would not allow us to inquire into subjects’ sexual
orientation, so we were not able to obtain this information.

Models 2 and 3 use a different estimation strategy.
Here we retain the continuous nature of our ideology
variable and calculate the absolute value of the difference
between the target’s and evaluator’s ideology, multiplied
by negative 1 (–Abs. Ideology Diff.). Larger values indicate greater ideological similarity between the target and
evaluator. In Model 2, we control for evaluator (Ideology of Eval.) and target ideology (Ideology of Target; both
continuous measures), sex, and average attraction levels.
In Model 3, we include evaluator and target fixed effects,
and any variables that are constant at the evaluator and
target levels are dropped. In both models, we observe the
hypothesized positive coefficient on the negative absolute difference in ideology scores (–Abs. Ideology Diff.),
though in both cases the coefficient is less precisely estimated (t = 1.48 in Model 1 and t = 1.45 in Model 2), but
still with one-sided p-values less than 0.1. In all cases, the
substantive effect of ideological similarity is small, which
is to be expected.
The analyses above support our hypotheses and design based on our assumptions. However, different assumptions and constructions of the relationships between
target and evaluator may necessitate using alternative
methods. As a result, we conduct additional analyses that
others might find beneficial, allowing readers to place our
results in different contexts, including the use of jackknife
standard errors, mixed models to account for random and
fixed effects, and two-way clustering. We discuss the results of these models in the supporting information due
to space constraints. Generally, the results are similar to
what is presented above.

Discussion
Several important and unique results emerge from this
study. First, individuals find the smell of those who are
more ideologically similar to themselves more attractive
than those endorsing opposing ideologies; recall that participants never saw the individuals whose smells they were
evaluating, and the order of target subjects was randomized for each evaluator. Thus, the recognition of political
alignment occurred through the medium of attraction,
not recognition.
The amount of variation explained by odor attraction
is small, but this should not be surprising and remains
consistent with studies on the biological properties
of other critical dimensions of social compatibility,
including sharing (Nettle et al. 2011), cheater detection
(Cosmides et al. 2005), disease avoidance (Neuberg,
Kenrick, and Schaller 2011), and sexuality (Miller 2011).
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It is important to recognize that olfactory processes
operate within complex social dynamics and environmental contexts. This is particularly true of humans
who can override or alter the importance of chemical
signals for conscious reasons. In humans, attraction
remains idiosyncratic and culturally informed, with
greater emphasis placed on physical and sociocultural
features (Buss 1987; Jones et al. 1995). Various aspects of
attraction indicative of fecundity, such as youth, beauty,
hip-to-waist ratio in women (Singh 1993), and the ability
to provide resources in men (Townsend and Levy 1990),
have historically represented cross-cultural norms, to
some degree. Nevertheless, such behaviors do not necessarily obviate the basic “chemistry” that influences how
individuals feel toward specific others. We suggest olfaction provides a similar signal of compatibility to potential
mates.
Some insight on the potency of odor might be gained
from the participants’ comments and physical reactions
during the study, not adequately captured in the quantitative analyses, but consistent with Herz and Inzlicht
(2002). In one particularly illustrative case, a participant
asked the experimenter if she could take one of the vials
home with her because she thought it was “the best perfume I ever smelled”; the vial was from a male who shared
an ideology similar to the evaluator. She was preceded by
another respondent with an ideology opposite to the person who provided the exact same sample; this participant
reported that that vial had “gone rancid” and suggested it
needed to be replaced. In this way, different participants
experienced the exact same stimulus in radically different
ways only moments apart.
We do not claim that olfactory mechanisms establish
an immediate or proximal cause of mate attraction, the
strongest predictor of attraction, or represent the only
influence on attraction, or that ideology is the only moderator of odor attraction. Indeed, the influence of smell
constitutes only one of thousands of potential factors that
operate as part of the complex interaction between local ecology, immediate environment, parenting, culture,
physiology, and neurobiology. Nor do we understand the
exact basis for these differences in olfactory perception;
we await future studies that replicate and extend these
findings before any definitive relationship is claimed. A
number of studies have identified genetic differences in
odor sensitivity (Keller et al. 2007), others have focused
on pathogen avoidance (Navarrete and Fessler 2006), and
others have found some part of smell preferences originate in utero and are heavily influenced by early aspects
of development, potentially through imprinting, in the
ways suggested above (Mennella, Jagnow, and Beauchamp
2001).
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How might this process operate in the real world and
in real time, where our environments and backgrounds
influence the people we are exposed to and meet, and
affect the environments in which we communicate with
those we see, hear, and smell? We expect that while humans are generally aware of what they are doing, and often
make conscious and cognitive choices to override more
basic physical desires, it is most likely that odor operates
subtly and may affect the regulation of hormonal states
and instigate changes in emotional mood. Such mechanisms do not vitiate the reality or influence of odor on
natural or initial attraction. Olfactory cues may provide
automatic but indirect indicators that enhance immediate attraction and increase the likelihood that politically
similar partners find each other socially and sexually appealing over time (Martins et al. 2005), and thus remain
together long enough to improve their mutual prospects
for reproductive success (Davis 2013). Conversely, potential mates who might otherwise appear appropriate may
not spark any sense of natural “chemistry” with one another because they do not align politically or otherwise.
While people can choose to dismiss or ignore these signals in favor of more conscious considerations, it appears
nature stacks the deck to make politically similar partners more attractive to each other in unconscious ways,
at least over the long haul. Such information may not
be useful in all mating contexts, particularly among those
seeking short-term partnerships. Nevertheless, long-term
mates do align on political ideology more than would be
expected by chance, and modern human mating strategies, which clearly rely on overt cues and communication,
likely remain informed by evolved mechanisms, such as
olfactory cues, to trigger and signal sexual, social, and
political compatibility. Individuals are not run by instinct
alone, but complex anatomical processes continue to inform cognitive, emotive, and evaluative choices in mating,
and ideology has some role in this complex process.
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Neurocognitive correlates of
liberalism and conservatism
David M Amodio1, John T Jost1, Sarah L Master2 & Cindy M Yee2
Political scientists and psychologists have noted that, on
average, conservatives show more structured and persistent
cognitive styles, whereas liberals are more responsive to
informational complexity, ambiguity and novelty. We tested the
hypothesis that these profiles relate to differences in general
neurocognitive functioning using event-related potentials, and
found that greater liberalism was associated with stronger
conflict-related anterior cingulate activity, suggesting greater
neurocognitive sensitivity to cues for altering a habitual
response pattern.
Political scientists and psychologists have long noted differences in the
cognitive and motivational profiles of liberals and conservatives in the
USA and elsewhere. Across dozens of behavioral studies, conservatives
have been found to be more structured and persistent in their
judgments and approaches to decision-making, as indicated by higher
average scores on psychological measures of personal needs for order,
structure and closure1. Liberals, by contrast, report higher tolerance of
ambiguity and complexity, and greater openness to new experiences on
psychological measures. Given that these associations between political
orientation and cognitive styles have been shown to be heritable,
evident in early childhood, and relatively stable across the lifespan2,3,
we hypothesized that political orientation may be associated with
individual differences in a basic neurocognitive mechanism involved
broadly in self-regulation.
Behavioral research suggests that psychological differences between
conservatives and liberals map onto the widely-studied self-regulatory
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process of conflict monitoring4. Conflict monitoring is a general
mechanism for detecting when one’s habitual response tendency is
mismatched with responses required by the current situation, and this
function has been associated with neurocognitive activity in the
anterior cingulate cortex (ACC)5. For example, in the Go/No-Go
task used in our study, participants must quickly respond to a
frequently presented Go stimulus, such that the ‘Go’ response becomes
habitual. However, on a small proportion of trials, a No-Go stimulus
appears, signaling that one’s habitual response should be withheld.
Hence, a No-Go stimulus conflicts with the prepotent Go response
tendency. Such response conflict is typically associated with enhanced
ACC activity, measured using functional magnetic resonance imaging
or event-related potentials (ERPs)6,7. We proposed that differences
in conservatives’ and liberals’ responsiveness to complex and potentially conflicting information relates to the sensitivity of this general
mechanism for monitoring response conflict.
To test the hypothesis that political liberalism (versus conservatism)
would be associated with greater conflict-related ACC activity, we
recorded electroencephalographs from 43 right-handed subjects (63%
female) as they performed the Go/No-Go task. Subjects reported their
political attitudes confidentially on a –5 (extremely liberal) to +5
(extremely conservative) scale. This single-item measure has been
found to account for approximately 85% of the statistical variance in
presidential voting intentions in American National Election studies
between 1972 and 2004 (ref. 8). Among participants in the present study
who reported voting in the 2004 presidential election, a more liberal
(versus conservative) ideological orientation strongly predicted voting
for John Kerry versus George Bush (r(21) ¼ 0.79, P o 0.001).
In our study, conflict-related ACC activity was indexed by two ERP
components. ERPs are scalp-recorded voltage changes reflecting the
concerted firing of neurons in response to a psychological event. The
response-locked error-related negativity (ERN), which peaks at approximately 50 ms following an incorrect behavioral response9,10, reflects
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Figure 1 The relation between political
orientation and a neurocognitive index of conflict
monitoring. (a) Political liberalism was associated
with larger No-Go error-related negativity (ERN)
amplitudes, as indicated by more negative scores,
suggesting greater neurocognitive sensitivity
to response conflict. (b) ERP waveforms
corresponding to No-Go errors, with the waveform
for correct Go responses subtracted, are shown for
both liberal and conservative participants
(response made at 0 ms; ERN peaked at 44 ms
postresponse), with the inset showing the voltage
map of the scalp distribution of the ERN.
(c) Source localization indicates a dorsal anterior
cingulate generator for the ERN, computed at
peak amplitude (red line in panel b).
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conflict between a habitual tendency (for example, the Go response) and
an alternative response (for example, to inhibit behavior in response to a
No-Go stimulus)11. We also examined the No-Go N2 component,
which is believed to reflect conflict-monitoring activity associated with
the successful inhibition of the prepotent Go response on No-Go trials7.
Relationships between political orientation and these neurocognitive
indices were examined using correlation analyses (two-tailed).
Political orientation was strongly correlated with ERN amplitudes
(r(41) ¼ 0.59, P o 0.001; Fig. 1a), as well as with No-Go N2
amplitudes (r(41) ¼ 0.41, P o 0.01). Specifically, liberalism (versus
conservatism) was associated with significantly greater conflict-related
neural activity when response inhibition was required (that is, on NoGo trials; Fig. 1b). ERPs associated with correct Go responses, scored to
correspond to the ERN and No-Go N2, were not related to political
orientation (P’s 4 0.37). Supplementary source localization analyses
confirmed that the ERN and the N2 originated from activity in the
dorsal ACC (accounting for 90% and 91% of signal variance, respectively; Fig. 1c, see also Supplementary Fig. 1 and Supplementary
Methods online), which is consistent with previous results7,10.
Larger average ERN amplitudes corresponded to better behavioral
accuracy on No-Go trials (r(41) ¼ 0.49, P o 0.001), but were
unrelated to accuracy on Go trials. No-Go N2 amplitudes were not
related to behavior. In addition, stronger liberalism was correlated with
greater accuracy on No-Go trials (r(41) ¼ 0.30, P o 0.05).
This association suggests that a more conservative orientation is related
to greater persistence in a habitual response pattern, despite signals that
this response pattern should change (for example, on No-Go
trials). This behavioral finding is consistent with the relationship that
we observed between political orientation and neurocognitive sensitivity to response conflict. However, a partial correlation analysis
revealed that the relation between political attitudes and the ERN
remained strong after covarying behavioral accuracy (r(40) ¼ 0.53,
P o 0.001), suggesting that liberalism (versus conservatism) is associated with greater neurocognitive sensitivity to cognitive conflict,
beyond what was observed from behavioral performance alone.
Taken together, our results are consistent with the view that political
orientation, in part, reflects individual differences in the functioning of
a general mechanism related to cognitive control and self-regulation1–3.
Stronger conservatism (versus liberalism) was associated with less
neurocognitive sensitivity to response conflicts. At the behavioral
level, conservatives were also more likely to make errors of commission.
Although a liberal orientation was associated with better performance
on the response-inhibition task examined here, conservatives would
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presumably perform better on tasks in which a more fixed response
style is optimal.
The study of personality variables that accompany differences in
political opinions goes back more than fifty years12. Although recent
work has demonstrated neural correlates of political information
processing and candidate preferences13,14, this is the first study connecting individual differences in political ideology to a basic neurocognitive mechanism for self-regulation. These findings may serve to
promote the integration of theorizing in the traditionally disparate
fields of political psychology and cognitive neuroscience. More broadly,
this research demonstrates how integration across multiple levels of
analysis can begin to elucidate how abstract, seemingly ineffable
constructs, such as ideology, are reflected in the human brain.
Note: Supplementary information is available on the Nature Neuroscience website.
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Abstract
Liberals and conservatives exhibit different cognitive styles and converging lines of evidence suggest that biology
influences differences in their political attitudes and beliefs. In particular, a recent study of young adults suggests that
liberals and conservatives have significantly different brain structure, with liberals showing increased gray matter volume in
the anterior cingulate cortex, and conservatives showing increased gray matter volume in the in the amygdala. Here, we
explore differences in brain function in liberals and conservatives by matching publicly-available voter records to 82 subjects
who performed a risk-taking task during functional imaging. Although the risk-taking behavior of Democrats (liberals) and
Republicans (conservatives) did not differ, their brain activity did. Democrats showed significantly greater activity in the left
insula, while Republicans showed significantly greater activity in the right amygdala. In fact, a two parameter model of
partisanship based on amygdala and insula activations yields a better fitting model of partisanship than a well-established
model based on parental socialization of party identification long thought to be one of the core findings of political science.
These results suggest that liberals and conservatives engage different cognitive processes when they think about risk, and
they support recent evidence that conservatives show greater sensitivity to threatening stimuli.
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Conversely, liberals had stronger physiological responses to
situations of cognitive conflict than conservatives [6].
Risk taking, the tendency to select an action where there is an
uncertain potential for a relatively large beneficial outcome but
also the possibility of an adverse outcome [7–9] requires balancing
conflicting drives to obtain reward and avoid possible losses [10–
12]. Risk taking is also closely related to and influenced by
subjective perception and apprehension of threat [13,14]. Considering differential physiological responses to threat and conflict
by liberals and conservatives, examining neural processes during
risk-taking decision-making may be an important avenue for
understanding the link between mental processes and political
preferences.
The discovery by Kanai and colleagues [15] that four brain
regions implicated in risk and uncertainty (the right amygdala, left
insula, right entorhinal cortex, and anterior cingulate (ACC))
differed in liberals and conservatives provided further evidence
that political ideology might be connected to differences in
cognitive processes. In the context of risk-taking decision-making,
the amygdala is thought to be important for the processing of
affective attributes involved in decision making [16–18]. The
insular cortex is involved in the representation of internal bodily

Introduction
A large body of research suggests that liberals and conservatives
differ on important psychological characteristics [1]. For example,
conservatives demonstrate stronger attitudinal reactions to situations of threat and conflict. In contrast, liberals tend to be seek out
novelty and uncertainty [1]. Moreover, Democrats, who are well
known to be more politically liberal, are more risk accepting than
Republicans, who are more politically conservative [2]. While
ideology appears to drive reactions to the environment, environmental cues also influence political attitudes. For instance, external
threats prime more conservative attitudes among liberals, moderates, and conservatives [3].
These ideological differences between political partisans have
been attributed to logical, psychological, and social constraints [4]
and past scholarship has focused primarily on institutional political
processes or individual policy preferences, rather than biological
differences in evaluative processes. But recent work has revealed
physiological correlates of the differential responses to risk and
conflict by liberals and conservatives. Consistent with the previously identified attitudinal divergence, conservatives have more
intense physical reactions to threatening stimuli than liberals [5].
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The insula and amygdala often function together in processing
situations of risk and uncertainty [30]. The amygdala plays
a critical role in orienting of attention to external cues [31] and
fear conditioning [32]; however, this structure is also important for
other emotional information processing and behavior [33].
Functional neuroimaging studies have shown amygdala activation
in reward related processing [34], encoding of emotionally salient
information [35], risk-taking [36], processing positively-valenced
stimuli [37], and appetitive/aversive olfactory learning [38]. In
comparison, neuroimaging studies of insular cortex have observed
critical involvement of this neural structure in pain [39],
interoceptive [40], emotion-related [41], cognitive [42], and social
processing [43]. In particular, the insular cortex is important for
representation of internal bodily cues crucial for subjective feeling
states and interoceptive awareness [40,44]. That differences in the
processing of risk and uncertainty differentiate liberals and
conservatives suggests an alternative way of conceptualizing
ideology.
It is important to note the insula region observed in the current
study is very posterior and borders the temporal-parietal junction.
This region has been conceptualized as vital for ‘‘theory of mind’’
in processing, or the perception of others as thinking entities [45].
In fact a meta-analysis of over 200 fMRI studies on social
cognition, the temporal-parietal junction was shown to be related
to understanding immediate action intent in others [46]. This
suggests that the posterior insula activation found in the current
study may reflect internal physiological drive as well as the
perception of the internal state and drive of others.
A critical unresolved problem common to studies of the
formation of ideology on both individual and institutional levels
is the process through which a high dimensional space of distinct
values, preferences, or issues is reduced to a low dimensional
ideological space [3]. It is even less clear why voters and their
representatives in government should organize political attitudes
into apparently constrained bundles that are relatively consistent
over time [47]. While it has been suggested that biological factors
may lead liberals and conservatives to have different sets of
politically relevant values [48], the evidence presented here suggests
that the neural processes of evaluation themselves are distinct,
perhaps reflecting differentiable values, as well as differing
preferences for issues, candidates, and parties.

cues crucial for subjective feeling states and in signaling potential
changes in interoceptive state to possible decision-related outcomes [10,11,19,20]. Further, intolerance of uncertainty is related
to posterior insula functioning [11]. The ACC is involved in
conflict and error monitoring and in action selection [21,22].
Thus, the regions implicated in risk and conflict, cognitive
processes during which liberals and conservatives have been
shown to differ in physiological response, are the similar regions
shown by Kanai et al. to differ structurally in liberals and
conservatives. If patterns of brain activity in these regions during
the evaluation of risks could dependably differentiate liberals and
conservatives, then we would have further evidence of the link
between mental processes and political preferences.
To test a conjecture that ideological differences between
partisans reflect distinctive neural processes, we matched publicly
available party registration records with the names of participants
(35 males, 47 females) who had previously taken part in an
experiment designed to examine risk-taking behavior during
functional brain imaging. Ideally, we would have also directly
inquired about the individuals’ ideological self-identification and
attitudes about a set of political issues. However, we were not able
to re-contact the participants. While party registration is not
a perfect proxy for ideology, a realignment that started in the
1970s has caused the two to become increasingly correlated over
the past 40 years [23]. Political polarization at both the mass and
elite levels have created a period where ideology and partisanship
are substantially overlapping concepts [24]. This trend has been
even stronger in California (where the participants in this study
resided) than in other states [25].
Individuals completed a simple risk-taking decision-making task
[26] during which participants were presented with three numbers
in ascending order (20, 40, and 80) for one second each. While
pressing a button during the presentation of the number 20 on the
screen always resulted in a gain of 20 cents, waiting to select 40 or
80 was associated with a pre-determined possibility of either
gaining or losing 40 or 80 cents. Therefore, participants chose
between a lower ‘‘safe’’ payoff and a higher risky payoff. The
probabilities of losing 40 or 80 cents were calibrated so that there
was no expected value advantage to choosing 20, 40 or 80 during
the task, i.e. the overall pay-off would have been the same for each
pure strategy. Previous studies [26–28] using this risk-taking
decision-making task found activity in some of the same regions
identified by Kanai et al. as differentiating liberals and conservatives.

Discussion
The strongest finding to come out of the ‘‘Michigan school’’
when the behavioral revolution spread to political science in the
1950s was that parents socialize their children to identify with the
same political parties that they do. In fact, the correlation between
parent and child is ‘‘so familiar and well established’’ that it is often
taken as one of the few ‘‘axioms’’ of political science [49]. Indeed,
a simple model of partisanship that includes mother’s and father’s
party accurately predicts about 69.5% of self-reported choices
between the Democratic and Republican party (see Table S1 in
Appendix S1). A classifier model based upon differences in brain
structure distinguishes liberals from conservatives with 71.6%
accuracy [15]. Yet, a simple two-parameter model of partisanship
using activations in the amygdala and the insular cortex during the
risk task significantly out-performs the longstanding parental
model, correctly predicting 82.9% of the observed choices of
party (see Table S2 in Appendix S1).
One intriguing remaining puzzle regards the direction of
causality. One might infer that the differing brain structures
identified by Kanai et al. suggest genetic foundations for the
differences in ideology. However, recent work has shown that

Results
As an initial test of our conjecture, we examined 5 mm spheres
centered on regions in the amygdala, insula, anterior cingulate
cortex, and entorhinal cortex that had been previously identified
by Kanai et al. [15]. When these specific portions of the regions
failed to demonstrate functional differences, we generated larger,
anatomically defined masks of the four areas. Consistent with the
findings of structural differences by Kanai et al, significantly
greater activation was observed in the right amygdala for
Republicans and in the left posterior insula (near the temporalparietal junction) in Democrats when making winning risky versus
winning safe decisions (Fig. 1). No significant differences were
observed in the entorhinal cortex or anterior cingulate cortex. All
attempts to use behavior to distinguish Republicans from
Democrats were unsuccessful (Fig. 2), suggesting that different
neural mechanisms may underlie apparently similar patterns of
behavior [29].
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Figure 1. Republicans and Democrats differ in the neural mechanisms activated while performing a risk-taking task. Republicans
more strongly activate their right amygdala, associated with orienting attention to external cues. Democrats have higher activity in their left posterior
insula, associated with perceptions of internal physiological states. This activation also borders the temporal-parietal junction, and therefore may
reflect a difference in internal physiological drive as well as the perception of the internal state and drive of others.
doi:10.1371/journal.pone.0052970.g001

investigating basic neuropsychological differences between partisans may provide us with more powerful insights than the
previously-available traditional tools of psychology, sociology, and
political science.

changes in cognitive function can lead to changes in brain
structure [50,51]. For instance, applicants who worked to learn
the map of London in order to pass a knowledge test required of
potential cab drivers demonstrated significant growth in their
hippocampus, a brain region related to memory formation [52].
Although genetic variation has been shown to contribute to
variation in political ideology [48] and strength of partisanship
[53], the portion of the variance in political affiliation explained by
activity in the amygdala and insula is significantly larger (see
Appendix S1), suggesting that acting as a partisan in a partisan
environment may alter the brain, above and beyond the effect of
the heredity. The interplay of genetic and environmental effects
may also be driving the observed correlations between the size of
brain regions and political affiliation [15]. Further untangling the
roles of party, ideology, genes, and neurocognition will be essential
for advancing our understanding of political attitudes and
behavior [54]. The ability to accurately predict party identification
using only neural activity during a risk-taking task suggests that
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Materials and Methods
Written informed consent was obtained from all participants
and the study was approved by and carried out under the
guidelines of the Human Research Protections Program at the
University of California, San Diego (UCSD).
Participant groups were composed of 60 Democrats and 22
Republicans who differed with regard to age (F(1,81) = 8.591,
p = .004; Democratic mean age = 22.12 (SD 6.84); Republican
mean age = 28.09 (SD 11.35) (age was therefore entered as
a covariate in subsequent analyses to control for any confounding
effects), but did not differ in regard to gender (Democrats: 36
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Figure 2. Comparison of behavioral choices in the scanner, by party and decision history. ‘‘Punishment’’ refers to an event in which
a subject chose a risky decision and lost. The results show that there were no significant differences in the behavior of Republicans and Democrats.
doi:10.1371/journal.pone.0052970.g002

40 or 80 are such that a participant’s final score would be identical
were they to consistently select 20, 40, or 80. Thus, there was no
inherent advantage to select the risky response (40 or 80) over the
safe response [37]. Each trial lasted 3.5 s irrespective of the
participants’ choice. Three trial types were presented in a pseudorandomized order: non-punished (+20, +40, +80, n = 54), punished
40 (240, n = 24), and punished 80 (280, n = 18), along with six
null trials that lasted 3.5 s each. Loss of reward only occurred
during punished trials, when participants did not respond to the
previous numbers on that trial (i.e., did not respond to the 20 on
punished 40 trials or did not respond to the 20 or 40 on punished
80 trials).
For 68 participants, during the task a BOLD-fMRI run was
collected for each participant using a Signa EXCITE (GE
Healthcare, Milwaukee) 3.0T scanner (T2 * weighted echo planar
imaging, TR = 2000 ms, TE = 32 ms, FOV = 2506250 mm3,
64664 matrix, 30 2.6 mm axial slices with a 1.4 mm gap, 290
scans). Functional MRI acquisitions were time-locked to the onset
of functional run. During the same experimental session, a high
resolution T1-weighted image (SPGR, TI = 450 ms, TR = 8 ms,
TE = 4 ms, flip angle = 12u, FOV = 2506250, ,1 mm3 voxels)
was obtained for anatomical reference. For 14 participants, during
the task a BOLD-fMRI run was collected for each participant
using a 1.5-T Siemens (Erlangen, Germany) scanner (T2*weighted echo planar imaging, TR = 2,000 ms, TE = 40 ms,
64664 matrix, 20 4-mm axial slices, 256 repetitions). During the
same experimental session, a T1-weighted image (MPRAGE,
TR = 11.4 ms, TE = 4.4 ms, flip angle = 10u, FOV = 2566256,
1 mm3 voxels) was obtained for anatomical reference.

females and 24 males; Republicans: 11 females and 11 males;
x2 = 2.036, p = 0.154.).
The UCSD Institutional Review Board approved study
procedures. All participants provided written informed consent
and were paid for their participation. We acquired voter
registration records from San Diego County in March 2008 that
included party of registration and electoral turnout history, and
names, addresses, and phone numbers to ensure exact matches to
subjects who participated in the functional brain imaging study.
Functional imaging data was collected across 1.5T (n = 14) and 3T
(n = 68) scanners. There was a difference between Democrats and
Republicans on which scanner the data was acquired on
(x2 = 78.98, p,.001; Democrats: 5 on 1.5T, 55 on 3T; Republicans: 9 on 1.5T, 13 on 3T). Therefore, the scanner was entered
as a covariate to control for confounding effects.
For the Risky-Gains task [26], participants were presented with
three numbers in ascending order (20, 40, and 80) in each trial. If
the participant pressed a button when the number was shown on
the screen, he/she received the number of cents shown on the
screen (+20, +40, or +80). The participants were informed that if
they pressed the button while the 20 was on the screen, they would
always receive 20 cents (safe decision). However, if they waited for
the 40 or 80 to appear on the screen, there was a chance the
number would appear in red, signaling the loss of 40 or 80 cents,
respectively (risky decision). Thus, although the participant may
have gained more points per trial by waiting until a 40 or 80
appears on the screen, there was also a risk of losing 40 or 80
points. Participants received feedback (stimulus on the screen and
auditory sound) indicating the gain or loss of cents immediately
after selecting a response. The probabilities of presenting a negative
PLOS ONE | www.plosone.org
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The data were preprocessed and analyzed with the software
AFNI [55]. The echo-planar images were realigned to the
temporal center of the longest stable head position and timecorrected for slice acquisition order. To exclude the voxels
showing an artifact related to signal drop, a combined threshold/
cluster-growing algorithm was applied to the mean of the
functional images to compute a region of interest brain mask.
This screened out non-brain voxels and voxels falling within the
artifact region. A randomized, fast-event related design was used
with six resting trials interspersed between the 96 risky-gains trials.
The preprocessed time series data for each individual were
analyzed using a multiple regression model where five regressors of
interest were constructed from the behavioral data obtained from
each participant during the task. Specifically, response regressors
were defined from the onset of the trial until the individual selected
an option and, for punished trials, until the appearance of negative
40 or 80. These five regressors are focused on decisions resulting in
a gain of (1) 20 (+20, safe response), (2) 40 (+40, risky response), (3)
80 (+80, risky response), or loss of (4) 40 (240, risky response), and
(5) 80 (280, risky response). The subsequent time period, which
included outcome and intertrial interval, as well as the null trials,
served as the baseline condition for this analysis. The regressors of
interest were convolved with a modified gamma variate function
modeling a prototypical hemodynamic response [56] before
inclusion in the regression model. In addition, three regressors
were used to account for residual motion (in the roll, pitch, and
yaw direction). Regressors for baseline and linear trends were used
to eliminate slow signal drifts. The AFNI program 3dDeconvolve
was used to calculate the estimated voxel-wise response amplitude.
Finally, a participant-specific voxel-based linear contrast was used
to identify brain activation associated with selecting a winning
risky response (average of +40 or +80, termed win risky) vs a safe
response (+20, safe). A Gaussian filter with FWHM 6 mm was
applied to the voxel-wise percent signal change data to account for
individual variations of the anatomical landmarks. Data of each
participant were normalized to Talairach coordinates.
For the Kanai et al. region of interest (ROI) analysis, four 5 mm
spherical masks were generated around each of the four locations
identified by Kanai et al. [15]: Right Amygdala (16, 24, 234),
Left insula (238, 216, 22), ACC (23, 24, 25), and Right
Entorhinal (22, 221, 226). Average percent signal changes within
these ROIs for the win risky versus safe decisions (contrasting
regressors 2 and 3 with regressor 1 in the list of regressors given
above) were extracted from each subject, and for each ROI these
individual extracted values were subjected to a ‘‘robust’’ regression
implemented within the statistical package R (www.r-project.org)
by modeling effects as a function of age, income, political party,
and magnet tesla. The analysis of the specific spheres did not
appear statistically significant, so larger ROIs based on the
anatomy were used next.

Voxelwise ‘‘robust’’ multiple regression analyses were conducted on individual percent signal change statistics for conditions
of interest by modeling effects as a function of age, income,
political party, and magnet tesla. A priori regions of interest (ROI)
masks (defined by the Talairach Daemon atlas [57]) in the bilateral
amygdala, bilateral insula, and anterior cingulate/medial prefrontal cortex (Brodmann Areas 24 and 32), were used to examine
between-group effects for the win risky versus safe decisions
(contrasting regressors 2 and 3 with regressor 1 in the list of
regressors given above). On the basis of these ROIs, a voxel-wise
a-priori probability of 0.05 for each model factor, determined via
Monte-Carlo simulations, would result in a corrected cluster-wise
a posteriori probability of 0.05 with a minimum volume of 192 ml
or three connected voxels (in the amygdala) or 320 ml or 5
connected voxels (in all other regions of interest). Using the
thresholding and clustering techniques described above, the
corrected voxel-wise probabilities are as follows: amygdala
p,0.0167 and insular cortex p,0.01. ROI masks were superimposed on each individual’s voxel-wise percent signal change
brain image. Only activations within the areas of interest, which
also satisfied the volume and voxel connection criteria, were
extracted and used for further analysis. Significance values
reported in the cluster table were corrected for age, income,
magnet tesla, and gender. Behavioral analyses were carried out
with SPSS 12.0 (Chicago, Il).
Several analyses were carried out to determine the degree to
which brain activation predicted partisanship. First, receiveroperator characteristic (ROC) curves (See Fig. S1 in Appendix S1)
were determined for each functional region of interest as well as
for the combination of the two most predictive areas. Second,
a step-wise linear discriminant function analysis (Fenter: p,0.05)
was computed with partisanship as the dependent measure and the
activation patterns in the areas that differed across democrats and
republicans as independent measures. A cross-validation procedure using a leave-one-out classification method (predictions
were generated by resampling with one subject removed) was used
to determine sensitivity and specificity of the activation patterns to
predict partisanship.
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