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News content is dominated by the negative. Consider the well-known phrases, “If
it bleeds, it leads,” or, “No news is good news”. Or simply consider any recent
newspaper or television news broadcast. That news tends to be negative is clear
enough to any regular news consumer. And an increasing body of work in
political science suggests asymmetry in responses to negative versus positive
information, across a wide range of domains. There is evidence that negative
information plays a greater role in voting behavior, for instance; that US
presidents are penalized electorally for negative economic trends but reap few
electoral benefits from positive trends; asymmetries have been identified in the
formation of more general impressions of US presidential candidates and parties;
and the significance of negativity has been examined as it relates to the effects of
negative campaigning, and declining trust in governments.
Why is there such an emphasis on negative information in mass media, and in
political communications and politics more generally? This paper explores one
possible answer to this question. The paper reports findings from a lab
experiment in which participants view a selection of real news stories while we
monitor a number of physiological indicators, including heart rate and skin
conductance. Results suggest that negative information produces a much
stronger psychophysiological response than does positive information; they
suggest that people are more reactive and attentive to negative news than they
are to positive news. These findings are used to (a) explore the possibility that
the structure of news content is intimately related to the functioning of the
human brain, (b) connect observations of asymmetry in media content to
existing accounts and explanations in psychology, anthropology and evolutionary
biology, and (c) begin to more fully account for, and address the potential
consequences of, negativity in political communication and political behavior.

Negativity in Psychology & Economics
This study is motivated in large part by bodies of literature in psychology and
economics that suggest and find evidence for the fact that humans respond more
to negative than to positive information. Given a unit of positive information
and a unit of negative information (whatever a “unit” of information might be),
we react more to the latter than to the former.
There is evidence of a negativity bias — or, more broadly, the relative strength
of negative over positive — throughout psychology. Indeed, evidence of a
negativity bias has been the subject of several very valuable meta-reviews (e.g.,
Baumeister et al. 2001; Cacioppo and Gardner 1999; Rozin and Royzman 2001).
Consider first the literature on “impression formation,” which suggests that in

2

our assessment of other individuals we tend to weight negative information much
more highly than positive information.1 Consider also the body of research on
information processing, which suggests that people devote more cognitive energy
to thinking about bad things then to thinking about good things (e.g., Abele
1985; Fiske 1980). Work on attributional processing — the process of trying to
find explanations or meaning for events — suggests a similar asymmetry (e.g.,
Taylor 1983). And not only does negative information induce a greater degree of
processing, all information is subject to more processing when the recipient is an
a bad mood (e.g., Bless, Hamilton and Mackie 1992; Isen 1987; Isen et al. 1997;
Scharz 1990).2 These are just some of the areas in which psychologists have
found that negative information has a greater impact than positive information.3
Findings in psychology are echoed in economics (albeit in research produced in
large part by two cognitive psychologists). Prospect theory (Kahneman and
Tversky 1979; Tversky and Kahneman 1991) is a theory of choice under
uncertainty which includes a feature called loss aversion. Simply put, people care
more strongly about a loss in utility than they do about a gain of equal
magnitude. Prospect theory bears a close resemblance to “frequency-weight”
accounts of impression formation in psychology — it too is a product of
differential reactions to negative and positive information. Loss-averse behavior
has been found at the individual level across a wide range of decision-making
environments, both in the lab and in the real world.4 It has also been evidenced
in aggregate-level macroeconomic dynamics (e.g., Bowman, Minehart and Rabin
1997).

Negativity in Political Science
Is a negativity bias evident in work on politics as well? Yes, though the
observation that negative information carries more weight in political decision1

For early work see Feldman 1966; Hodges 1974; Hamilton and Huffman 1971. For more
recent work see Fiske 1980, Ronis and Lipinski 1985; Singh and Teoh 2000; Van der Pligt
and Eiser 1980; Vonk 1993, 1996.
2 The implication is that there will be an especially large degree of information processing
when someone in a bad mood receives bad news. See Forgas 1992.
3 Consider, for instance, work on “person memory,” e.g., Ybarra and Stephen 1996; work on
performance evaluations of employees and students Ganzach 1995, Rowe 1989, Dinisi et al.
1984; work on the effects of positive versus negative events on psychological distress, e.g.,
Hobfoll 1988, Wells, Hobfoll and Lavin 1999; and on daily “mood,” e.g., David, Green, Martin
and Suls 1997.
4 The literature is vast, but see, e.g., Tversky, Slovic and Kahneman 1990; Kahneman and
Thaler 1991; Shoemaker and Kunreuther 1979; Arkes and Blumer 1985; Diamond 1988. For a
partial review, see Edwards 1996.
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making has been somewhat dispersed, and spread across several sub-fields. There
are some domains in which negativity has clearly received a good deal of
attention, of course; there is for instance a considerable body of work on negative
campaign advertising. As a discipline, however, political science has been rather
slow to come around to the idea that negative information may matter more
than positive information.
Nehemiah Jordan was amongst the first political scientists to consider the
possibility that, in public opinion surveys on political issues, negative attitudes
may matter more than positive attitudes. The first paragraph of Jordan’s
Discussion is relatively clear:
Actually, there is no need for a discussion. Enough data have been presented
to show that the “asymmetry” between “liking” and “disliking” does exist in
enough cases and has a striking enough effect to question the simple “pushpull” model of attitudes and opinions inherent in the contemporary scales we
use to measure them; consequently, it merits—in fact, demands—further
reflection and research. (Jordan 1965: 322)

Jordan may well have been the clearest on the matter, but he was not the first
to make such an observation. Campbell, Converse, Miller and Stokes noted in
their seminal book, The American Voter, that “changes in the party balance are
induced primarily by negative rather than positive attitudes toward the party
controlling the executive branch of federal government” (1960: 554-5), for
instance. Nevertheless, a rather limited number of political scientists have since
taken up Jordan’s task.
That said, those who have searched for a negativity bias in political behavior
have tended to find it. Perhaps the best place at which to leap into the political
science literature is with the work that most clearly parallels what we have seen
in psychology: work on impression formation. Klein has applied impression
formation theories to survey data on US presidential evaluations. A 1991 paper
finds that traits (such as inspiring, strong, intelligent, etc.) on which a
respondent ranks 1984 and 1988 presidential candidates lower matter more to
their overall assessment of those candidates.; a subsequent paper (Klein 1996)
confirms the dynamic for 1992 presidential candidates. And this role of
negativity in respondents’ perceptions of presidential candidates has been
identified using a variety of different survey instruments. (See, esp. Lau 1982,
1985; Holbrook et al. 2001.) Similar findings exist suggesting that while midterm
congressional elections are partly a referendum on the popularity of the current
president, unpopularity has a much greater effect on voting decisions than does
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popularity (Kernell 1977).5 There is an accumulation of similar findings in work
on economic voting as well (Bloom and Price 1975; Claggett 1986; Headrick and
Lanoue 1991; Kiewet 1982; Nannestad and Paldam 1997; Soroka 2006).6
Prospect theory, loss aversion, and asymmetry more broadly construed have
played an important role in a number of political science subfields. There exist
several recent reviews of the political science literature informed by prospect
theory (Levy 2003; McDermott 2004; Mercer 2005), focusing in particular on the
successful use of loss aversion in explaining international relations. Recent work
on welfare state retrenchment suggests that the politics of taking away benefits
are quite different than are the politics of extending them (e.g., Pierson 1994,
1996).
The area of research in political science that has undoubtedly seen the most
consideration, and re-consideration, of negativity effects, is political advertising.
One thing is clearly not disputed: over the postwar era, and particularly over the
past two decades, there has been a steady increase in negative advertising in the
US (Geer 2006; Fridkin and Kenney 2004). Campaign strategists believe that
negative advertising works, especially in competitive races (Able et al. 2001;
Goldstein et al 2001). And negative ads are commissioned, and aired,
accordingly.
Whether negative ads have the intended effect is another matter, and here there
is a good deal of disagreement in the literature. There are at least two general
themes: (1) does negative advertising win or lose votes?, and (2) does negative
advertising attract or repel voters? Put differently, negative advertising may
affect who we vote for, but it may also affect whether we vote at all. Results,
many of which are incorporated into a meta-analysis by Lau et al (1999), are for
both issues rather divided.7 Some of the differences across studies may be a
product of very different methodologies. That said, there are some issues for
which the body of evidence is somewhat more suggestive. For instance, and
5

These “negative voting” results have been contested by other authors, suggesting alternative
hypotheses that account for the regularity with which presidents’ parties lose seats in
midterm elections (e.g., Hinckley 1981; Cover 1986; Born 1990). Recent work suggests a story
more in line with Kernell, but based on a prospect theory account that emphasizes the
relationship between disappointment with the current presidential administration and
electoral turnout (Patty 2006). Aragones’ (1997) work suggests a related negative-reaction
account for declining popularity the longer a candidate stays in office.
6 These findings reflected observations in several earlier studies, including Campbell et al.’s
(1960) work on electoral behavior, and Muller’s (1973) study of US foreign policy.
7 The literature is vast. See. e.g., Ansolabehere et al. 1994; Ansolabehere and Iyengar 1995 ;
Bullock 1994; Hitchon et al. 1997; Martinez and Delegal 1990; Freedman and Goldstein 1999;
Geer and Lau 1998; Kahn and Kenney 1999.
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importantly given the current purposes, the information conveyed in negative
ads is more likely to be remembered than the information conveyed in positive
ads (e.g., Babbitt and Lau 1994; Kahn and Kenney 1998b).8

Negativity in News
Advertising is by no means the only communications domain in which there is a
good degree of negative content. The same trend is apparent throughout media,
both print and television. There exist content analyses showing the relatively
high proportion of news content that is sensationalistic (e.g., Davie and Lee
1995; Harmon 1989; Hofstetter and Dozier 1986; Ryu 1982); and a good deal of
work documenting a tendency towards negative stories as well (e.g., Diamond
1978; Fallows 1997; Just et al. 1996; Kerbel 1995; Lichter and Noyes 1995; Niven
2000; Patterson 1994; Robinson and Levy 1985; Sabato 1991).
What accounts for the apparent negativity in media content? Explanations
include the administrative or financial structure of news organizations, the biases
of editors or audiences, the behavior and priorities of journalists as a profession,
and so on. The media “gatekeeping” literature plays a particularly prominent role
here. (See Shoemaker 1991 or Shoemaker and Vos 2009 for thorough reviews.)
One of the main focuses of that literature is the tendency for news to be both
sensationalist and negative; a consequence not just of the preferences of
individual journalists and editors, but of the entire structure of the practice of
journalism, as well as of the mediums themselves — newspapers, but especially
television. (See also work by Altheide and others, e.g., Altheide 1985, 1997;
Altheide and Snow 1991; Ericson et al. 1989; Meyrowitz 1985.)

Why So Negative?
There is a growing body of evidence that neurological processes are greater for
negative than for positive events (e.g., Smith et al. 2002). Research also points
towards a brain mechanism the role of which is specifically to detect self8

Relatedly, of the studies investigating respondents’ ability to remember ads generally,
either positive or negative, all survey-based studies suggest that various aspects of (or
candidates in) negative ads are more likely to be remembered than aspects of (or candidates
in) positive ads (Brians and Watternberg 1996; Lang 1991; Newhagen and Reeves 1991;
Roberts 1995; Sulfaro 1998). Lab-based experiments with undergraduates, with only one
exception (Shapiro and Rieger 1992), suggest the opposite (Hitchon and Chang 1995; King et
al. 1998; Kaid et al. 1992a, 1992b; Thorson et al. 1991). The difference likely has to do with
the timing involved — lab experiments clearly involve much less time than do survey-based
analyses. But the bulk of the real-world evidence confirms what we would expect given the
literature in psychology and elsewhere: people are more attentive to negative ads.
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generated errors. Neurologists believe that the anterior cingulate in the frontal
lobe of the brain plays an important role in pain perception and self-regulation,
including the monitoring of error responses. (For a review, see Luu, Collins and
Tucker 2000).9 This pointed, identifiable neurological reaction to negative
(incorrect) responses has no equivalent where correct responses are concerned.
Work in physiology suggests the same asymmetry. Consider the “fight or flight”
reaction to negative events, which leads to heightened heart rate, blood pressure
and perspiration, and prepares the organism for either fighting or fleeing
(Cannon 1932). This striking reaction to negative information also has no
positive equivalent. Rozin and Royzman’s review of the literature provides a
particularly cogent description of the negativity bias in our experience of
sensations: “With the exception of positive sensations arising in muscles (as in
massage), the inside of the body is basically a source of evaluatively negative
input” (2001: 301). Even on the body exterior, these authors suggest, there is a
wider distribution of pain; that is, pain can be produced anywhere, while the
centers for pleasure are much more limited.
Why do we care so much about negative rather than positive information? This
research in neurology and physiology suggests one answer: we respond more to
negative information because our bodies are hardwired to do so. But this is only
a partial response. Why are we hardwired in this way? It seems very likely that
evolution favors animals that exhibit a combination of mildly optimistic and
loss-averse behavior. You have to be willing to try new food sources. But if your
friend gets eaten while you’re there, you need to be the animal that never goes
back.
Put more scientifically, work on “orienting responses” suggests that evolution has
produced animals with attentional systems that give preference to stimuli with
adaptive significance (Ohman et al. 1998; Hunt and Campbell 1997). Foremost
amongst those stimuli are signs of danger. And, “Because it is more difficult to
reverse the consequences of an injurious or fatal assault than those of an
opportunity unpursued, the process of natural selection may also have resulted in
the propensity to react more strongly to negative than to positive
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Put more technically, capturing electrophysiological responses in the brain using an
electroencephalogram (EEG), a growing body of work has identified something referred to as
error-related negativity (ERN) — negativity in the electrical activity at the front of the head
associated with respondents giving incorrect responses (e.g., Dehaene, Posner and Tucker
1994; Gehring et al. 1993; Luu, Collins and Tucker 2000; Miltner, Braum and Coles 1997).
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stimuli” (Cacioppo & Gardner 1999; see also the discussion in Herwig et al.
2007).10
This evolutionary account is supported by a body of work finding evidence of a
negativity bias in animals other than humans (e.g., Miller 1961; Garcia and
Koelling 1966; Hodge and Stockin 1912; Warden and Aylesworth 1927; on the
fight-and-flight reaction in animals, see Mahl 1952). And this behavioral evidence
is buttressed by neurological research on rats and monkeys, which finds that
fear-inducing events leave indelible memory traces in the brain, while there is no
similar impact of very positive events (LeDoux, Romanski and Xagoraris 1989;
Quirk, Repa and LeDoux 1995; Sanghera, Rolls and Roper-Hall 1979).11
This work on negativity biases in animals supports the notion that the negativity
bias in humans has a neurological or physiological source, and that this source is
in all likelihood the consequence of evolution.12 This is not to say that a
negativity bias is a good thing — that is an entirely different matter. But
evolution need not produce outcomes that are normatively good; it should
produce outcomes that are empirically effective, at least where survival is
concerned. One possible product, or perhaps a side-effect, of evolution is a
tendency to devote more attention, and react more, to negative information than
to positive information.
This account of the negativity bias in news content is much more convincing
than what seems to be the popularized argument — that journalists or editors
are just cynical people, drawn to present negative news whenever possible. The
suggestion here is, rather, that journalists and editors are humans, creating
content that will be consumed by other humans, and humans are more interested
in negative than in positive information. In a simple but telling experiment,
participants were asked to choose between hyperlinks to different new stories
about a fictional campaign; negative stories were consistently chosen over
positive ones (Meffert et al 2006).
Note that this evolutionary account of negativity in news content has been
suggested by Shoemaker (1996), among the first to highlight a potential
relationship between theories of evolution and accounts of media content.13 It is
10

The idea that a negativity bias may be a product of evolution is by no means recent. See
Darwin (1872), and a useful discussion of Darwin’s work in Fridlund (1991).
11 Economics experiments with animals provide further support for the evolutionary account
for the negativity bias. See Brosnan et al. 2007.
12 See Weinberg’s (1975) work on “general systems thinking” and its application to evolution
for a particularly cogent description of how no single part of a system can ensure that
system’s success, but any single component can ensure the system’s failure.
13 See also the discussion of Shoemaker’s work in Ju 2008.
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also in line with a growing body of work in political science interested in finding
physiological as well as genetic accounts for political behavior (e.g., Alford and
Hibbing 2004; Alford et al. 2005; Fowler et al. 2009; Hatemi et al. 2010a, 2010b.
2009; Smith et al. 2007).

The Experiment
The experiment described here is intended to examine directly the possibility
that the emphasis on negative information in popular news content has a
psychophysiological explanation. More specifically, it is intended to look at
whether humans react differently to negative versus positive news stories; and
the expectation, based on the vast bodies of work cited above, is that they will
react quite strongly to the former and rather little to the latter.
The “reaction” we are interested in here is an emotional one — emotional, that
is, as captured by physiological measures. The use of psychophysiological
methods is motivated in part by recent work in political science that uses these
methods to explore the possibility that there are physiological and perhaps also
genetic sources of political preferences (e.g., Oxley et al. 2008; also see citations
in preceding paragraph), as well as work by Annie Lang and colleagues exploring
psychophysiological reactions to media messages (e.g., Lang 1995). The
experimental design draws on existing work in psychology, but especially on
methods developed for recent work conducted at the Centre for Interdisciplinary
Research in Music Media and Technology (CIRMMT) at McGill University.14
The experiment proceeded as follows. There were 42 participants, ranging from
18 to 35 years of age. Twenty-five were male and 17 female; all were students at
McGill University, 28 undergraduate and 14 graduate. There was considerable
variance in media attentiveness (from a respondent reporting 0 days per week
watching TV news or reading a newspaper to another reporting 7 days per week
on both measures), and a reasonable distribution of political preference as well,
albeit with the left-leaning bias we might expect from a student sample.15 Most
were recruited using posters around the university campus, except for seven
experienced coders who were contacted directly (see below).
Participants knew only that this was an experiment about the news, and that we
would be monitoring their physiological responses as they watched. They
watched a news program on their own, on a large computer monitor in a quiet
14

For a thorough review of psychophysiological approach in communication studies, see
Ravaja 2004.
15 14 respondents said they voted Liberal in the last federal election, with 6 Conservative, 7
NDP, 2 BQ, 2 Green, and 11 other or none.
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room, wearing noise-canceling headphones. They were connected to a number of
electrodes on one hand, on their face, and around their torso. The experiment
lasted roughly 25 minutes, during which participants viewed seven news stories.
The stories were separated by one minute of grey screen; there was a countdown
indicated with a large white number on the grey screen for the last five seconds
so respondents were not startled by the start of a new story. The experiment
also began with a full two minutes of grey screen, to establish a baseline for the
various physiological readings, and also to allow respondents to settle in and get
used to the electrodes.
Stories were drawn from two months of national evening newscasts on Global
Television, one of the three major English-language broadcasters in Canada.
News was captured every weeknight from mid-September to mid-November,
2009. That news was viewed and coded for tone and topic by two coders.
Selection of stories was non-random — the objective was to find stories that (a)
were on a variety of topics, political as well as general news, and (b) covered a
range of tone, from very positive to very negative. In the end, this pre-coding led
to the selection of nine stories: one clearly neutral, four that showed varying
degrees of positivity, and four that showed varying degrees of negativity. Short
descriptions of the stories are provided in Table 1.
[Table 1 about here]
All respondents saw the Toronto Film Festival story first — a neutral and
relatively boring story. They were then presented with six of the eight remaining
stories. Those six were randomly drawn, and randomly ordered. Not all
respondents saw the same batch of stories, then; each viewed a somewhat
different selection of stories, in a different order.
Seven of the 40 participants had worked as coders for past content-analytic
projects. They knew no more about the current project than the other
participants, but they were asked to perform one additional task: as they viewed
stories, there were asked to code each for tone, using a seven-point negative-topositive scale. These respondents saw all nine stories, and the resulting codes
were intended to confirm, or identify problems with, the initial categorization of
stories as neutral, positive or negative. Results from the coding are shown in the
right-most column of Table 1. They confirm our expectations, given the precoding, so the stories were unchanged for subsequent participants. There are are
some important differences in degrees of negativity and positivity, however; these
will turn out to be valuable in analyzing the data below.
When the experiment ended, participants filled out a short survey capturing
demographics, media use preference, and past federal vote. All experiments were
10

conducted by one of two female research assistants; the scripts for the preexperiment explanation and the post-experiment debriefing are available upon
request.

Psychophysiological Indicators
Physiological responses were captured using a ProComp Infiniti encoder from
Thought Technology Ltd., and purpose-built software designed at the Centre for
Interdisciplinary Research in Music Media and Technology (CIRMMT) at
McGill University.16 All measures were captured 256 times per second, directly in
MatLab, though data analysis itself proceeded in STATA. Electrodes were used
to capture five physiological measures. For the purposes of this analysis, we focus
on two: skin conductance and heartrate.17

Skin Conductance
Changes in the level of moisture in sweat ducts can be captured by passing an
infinitesimally small electrical current though a pair of electrodes on the surface
of the skin — in this case, electrodes attached to the tips of the distal phalanx
(outer segment) of the index and ring fingers.18 The current is held constant, and
the electrodes monitor variations in current flow. More moisture (sweat) leads to
less resistance, or, conversely, more conductance. The resulting conductance data
can be used to look at skin conductance levels (SCL) and skin conductance
responses (SCR).19 The former is simply the level of conductance, measured in
microSiemens. The latter is focused on the number of peaks in the SCL signal.
Variations in skin conductance are useful as an indicator of arousal (Simons et
al. 1999; Lang et al. 1999, 2000; Bolls et al. 2001; see review in Ravaja 2004).
Note that arousal is not the same thing as valence — arousal refers only to the
degree of activation, not the direction (positive or negative, pleasant or
unpleasant) of the reaction.20 But the degree of arousal is what is most critical
in this experiment. We have stories, coded as positive and negative, and are
interested in which ones generate the strongest reactions. The expectation is that
negative stories will elicit a stronger reaction.
16

This software was designed by Bennett Smith and Julien Boissinot.
The other indicators are electromyographic (EMG) monitoring of the (1) corrugator and
(2) zygomaticus muscles in the face, and (3) respiration amplitude.
18 Captured using Thought Technology’s SC-Flex/Pro sensor.
19 Sometimes referred to as Galvanic Skin Levels (GSL) and Galvanic Skin Responses (GSR).
20 Indeed, arousal and valence are the two dimensions in the well-known dimensional model
of emotions. See, e.g., Lang 1995; Larsen and Diener 1992.
See also Russell’s (1980)
circumplex model of affect.
17
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Heartrate
Heartrate was measured using a blood volume pulse (BVP) sensor.21 The sensor
uses photoplethysmography (measuring the amount light transmitted through
the finger tissue) to detect variations in the the volume of blood in, in this case,
the distal phalanx of the middle finger. Because the volume of blood in vessels
varies with heartbeats, the resulting waveform can be used to identify heartrate.
Below, heartrate is examined at 5-second intervals.
Heartrate is useful here as a measure of attentiveness. Previous research suggests
that heartrate decreases as attentiveness increases (e.g., Lang 1990, 1995; Mulder
and Mulder 1981; see also review in Ravaja 2004); indeed, research also suggests
that people tend to pay more attention to negative media content (Lang et al.
1995, 1996; Bolls et al. 2001). We expect to find similar results here (though
using a somewhat different sample of real news content). That is, we expect that
heartrate will be lower, showing greater levels of attentiveness, for negative
stories.

Results
Figure 1 and 2 provide a sense for what the resulting data look like. Each shows
the raw data from a respondent for both skin conductance and heartrate.
[Figures 1 and 2 about here]
The beginning and end of stories, as well as the begging and end of the grayscreen periods between stories, is marked with a thin vertical line. Negative
stories are grayed out between those lines; positive and neutral stories are not.
(Note first, then, that the two respondents see stories in a different order.) Skin
conductance measures can tend to decrease over the experiment (a consequence
of measurement issues with the electrodes), so the SCL shown in the figures (and
used in the analysis) have been de-trended. Data have also been downsampled to
1/8-second intervals. The raw skin conductance data are shown in small dots,
but the general dynamic is better represented by the dark line showing the
LOWESS (locally-weighted scatterplot smoothing) smoothed trend. Small x’s on
that line denote peaks in the series (SCRs). The heartrate graphs are more
straightforward; these show lowess-smoothed heartrate, also downsampled to
1/8-second intervals.
Recall that skin conductance does not capture the valence of response —
activation can be due to positive or negative stimulation. That said, the

21

Captured using Thought Technology’s BVP-Flex/Pro sensor.
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expectation here is that negative stories will be associated with both a greater
number of SCRs, and heightened SCL, reflecting an increase in physiological
arousal. Table 2 explores this directly through a within-respondent ANCOVA of
story-level totals for the number of SCRs. The model is a relatively simple one.
It includes (a) respondent IDs to capture the variance across respondents, in this
case the varying tendency for a respondent to have a greater or lesser number of
SCRs, (b) story order, a continuous variable running from 1 to 8, to test for the
possibility that the number of SCRs increases or decreases over the course of the
experiment, and (c) a dummy variable equal to one for the four negative stories
and zero otherwise.22
[Table 2 about here]
Table 2 shows the basic ANCOVA results in the left panel and the
corresponding raw OLS regression coefficients in the right.23 A good deal of the
respondent/story-level variance in SCRs is accounted for by differences across
respondents.24 Story order does not matter to the number of SCRs. Negativity
does, and the regression coefficient shows that the effect is in the direction we
would expect; that is, a negative story produces on average .38 more SCRs than
does a positive story.
Results are similar for SCL, shown in Table 3.25
The table analyses skin
conductance levels averaged over 5-second intervals. Again, the model includes
respondent IDs, an ordinal variable capturing story order, and a dummy variable
for negative stories. Because SCL data are captured at 5-second intervals over
the course of each story, the model also includes a time variable, counting each
5-second interval. The expectation is SCL will decrease gradually within each
story — after an initial activation, respondents will (in the absence of interesting
information) gradually return to a lower level of skin conductance over the
course of the story. We do not assume that SCL decreases linearly, so the model
includes time in both its linear and quadratic forms. And both interact with
Negative, allowing for the possibility that negativity affects not just the overall
SCL, but also the degree to which SCL decreases (or increases) over the story.

22

This and all subsequent analyses were conducted both with a simple dummy variable to
capture tone, and by using the interval-level measure produced by the coders. Both work
similarly in every case. For the sake of simplicity, we use the simple dummy variable here.
23 Basic descriptives for the dependent variable, SCRs, are as follows: mean, 1.602; standard
deviation 1.326; min, 0; max, 7.
24 Indeed, respondent IDs account for roughly 45% of the total variance (248.208/551.60).
25 Basic descriptives for the dependent variable, SCRs, are as follows: mean, 15.096; standard
deviation, .344; min, 13.616; max, 19.174.
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Results confirm the expectation that negativity results in a higher SCL overall,
and that it reduces the tendency for respondents’ SCL to gradually return to its
previous value. So participants have stronger and longer reactions to negative
stories than to positive stories. Coefficients show that all effects are in the
expected direction.
[Tables 3 and 4 about here]
The same is true for heartrate, shown in Table 4.26 These results are based again
on 5-second averages, and the same model as is used for SCL. Negativity is, as
we expect, associated with a decreased heartrate (suggesting heightened
attentiveness).
[Figure 3 about here]
Results for both SCL and heartrate are made clearer in Figure 3. The figure
plots the predicted levels of each measure, based on the regression models in
Tables 3 and 4. Note the difference between positive and negative stories in each
case. Negative stories are associated with lower heartrate and increased SCL;
positive stories are associated with higher heartrate and smaller increases in
SCL. All indications are, then, that participants are more aroused by, and pay
more attention to, negative stories.

Discussion & Conclusions
Results here suggest that respondents do indeed have a stronger response to
negative stories than to positive ones. Participants showed higher levels of skin
conductance and lower heartrates during negative stories. We believe that these
results highlight one possible account for the focus on negative information in
news media, and indeed in communications and political affairs more generally.
Humans are hardwired to react to negative information; news media have to
attract and keep an audience; it follows that news media will tend to present
negative stories.
The propensity for media to over-represent negativity need not be a product of
profit-maximization alone. Journalists and editors are also humans, after all, and
thus have the same tendencies as their audience. Moreover, the design of mass
media as an institution likely predisposes media towards focusing on the
negative. One of main functions of media in a democracy is holding current
Governments (and companies, and indeed some individuals) accountable. This
notion of mass media as a “Fourth Estate” (Carlyle 1841) has been prominent
26

Basic descriptives for the dependent variable, SCRs, are as follows: mean, 76.197; stdev
13.330; min, 30.782; max, 167.612.
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both in the literature on newspapers (e.g., Merrill and Lowenstein 1971; Hage et
al. 1976; Small 1972), as well as in the pages of newspapers themselves.
Surveillance of this kind mainly involves identifying problems. We might
consequently expect that media emphasize negative information in part because
it is their job to do so. Indeed, we might expect this of a wide range of political
institutions.
This link between the human brain and the functioning of political institutions is
the subject of other ongoing work. So too are more sophisticated analyses of
these psychophysiological data. It is possible, for instance, to look not just at
responses to entire stories but at second-by-second responses to specific pictures
or events within each story. It is possible to look at how participant traits,
including partisanship, affect psychophysiological responses as well. For the time
being, however, our attention has focused on a simple, but we believe important,
hypothesis, namely, that negative news elicits quite different (i.e., stronger and
longer) reactions from media consumers than does positive news. Evidence here
suggests that it does, and in so doing it suggests a psychophysiological
explanation for the focus on negative information in mass media: it is more
arousing.
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Table 1. Story Descriptions and Codes
Title

Description

Coded Tone

a

Neutral
Toronto Film Festival filmmakers and actors arriving for the Toronto
International Film Festival

0.50 (.22)

Positive
Ambassador Doer

Gary Doer, former Manitoba Premier, now taking over
as Canadian ambassador to the US

1.00 (.52)

Cancer Child

an “Everyday Hero” story about a boy who survived
leukemia, and now raises money to provide video
games for children stuck in hospitals for cancer
treatment
a man who raises money from corporations to build
tuition-free training schools in the US, coming to do
the same in Canada

2.83 (.17)

the extension of Employment Insurance benefits to
self-employed Canadians, many of whom will now be
able to claim benefits such as maternity and sick leave

1.50 (.22)

Baby Assaulted

a recent case in which a neighbor saw and reported a
mother who was smashing her baby’s head on the
sidewalk

-2.50 (.50)

Vaccine Shortages

potential shortages in H1N1 vaccines, and the federal
government’s role in those shortages

-2.00 (.37)

Afghan War

“Are we winning?” the war in Afghanistan, focusing on
the relative lack of success thus far in Canadian
military’s ongoing mission there

-1.50 (.22)

Food Banks

how current economic circumstances mean that
donations to food banks have declined, even as more
people need to come to food banks

-1.67 (.42)

Tuition-Free Schools

EI Benefits

2.00 (.26)

Negative

a

Tone was coded by a subset of experimental participants on a scale from -3 to + 3, as shown in
the text, where low scores are negative and high scores are positive. Cells contain mean scores
with standard errors in parentheses.

Table 2. Within-Respondent ANCOVA: Skin Conductance Responses
ANCOVA

OLS Regression

Partial SS
259.769

df
40

F
5.13***

248.208

38

5.16***

Order (c)

2.220

1

1.75

Order (c)

-.053 (.040)

Negative

8.225

1

6.50***

Negative

.377 (.148)

Residual

251.831

199

Constant

.600 (.458)

Total

511.60

239

Rsq

Model
Respondent

Raw Coef

.508

N=240. * p < .05, ** p < .01, *** p < .001. Results are based on data for 8 positive or
negative stories only, aggregated by story.

Table 3. Within-Respondent ANCOVA: Skin Conductance Levels
ANCOVA

OLS Regression

Partial SS
559.415

df
44

F
18.45***

158.952

38

6.07***

Order (c)

4.584

1

6.65**

Order (c)

.014 (.005)

Time (c)

161.269

1

234.08***

Time (c)

-.082 (.007)

Time2

.002 (.000)

Model
Respondent

Time2

(c)

Negative
Neg*Time
Neg*Time2

Raw Coef

68.072

1

98.80***

(c)

4.176

1

6.06*

18.868

1

27.39***

Neg*Time

.042 (.008)

29.61***

Neg*Time2

-.001 (.000)

Negative

20.400

1

Residual

5071.377

7361

Constant

Total

5630.792

7405

Rsq

-.144 (.058)

18.199 (.074)
.099

N=240. * p < .05, ** p < .01, *** p < .001. Results are based on 8 positive or negative stories
only, using data averaged at 5-second intervals.

Table 4. Within-Respondent ANCOVA: Heartrate
ANCOVA

OLS Regression

Model

Partial SS
954600.833

df
44

F
566.25***

Raw Coef

Respondent

935232.136

38

642.35***

Order (c)

1714.909

1

46.10***

Order (c)

-.266 (.040)

Time (c)

1027.469

1

26.82***

Time (c)

-.266 (.051)

Time2 (c)

768.560

1

20.06***

Time2 (c)

.007 (.002)

Negative

1108.093

1

28.92***

Negative

-2.355 (.438)

Neg*Time

537.598

1

14.03***

Neg*Time

.223 (.060)

Neg*Time2

514.596

13.43***

Neg*Time2

-.007 (.002)

Residual

279618.277

7298

Constant

Total

1234219.11

7342

Rsq

71.915 (.554)
.773

N=240. * p < .05, ** p < .01, *** p < .001. Results are based on 8 positive or negative stories
only, using data averaged at 5-second intervals.

Figure 1. Skin Conductance and Heartrate: Respondent 12
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Figure 2. Skin Conductance and Heartrate: Respondent 44
Respondent 44: Skin Conductance (microSiemens, de-trended)
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Figure 3. Predicted Values, Skin Conductance and Heartrate
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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.
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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

19 SEPTEMBER 2008

VOL 321

SCIENCE

34. L. Eaves et al., Twin Res. 2, 62 (1999).
35. J. R. Alford, C. L. Funk, J. R. Hibbing, Am. Polit. Sci. Rev.
99, 153 (2005).
36. J. H. Fowler, L. A. Baker, C. T. Dawes, Am. Polit. Sci. Rev.
102, 233 (2008).
37. Z. F. Mainen, Nat. Neurosci. 10, 1511 (2007).
38. H. Bracha, D. Yoshioka, N. Masakawa, D. Stockman,
J. Affect. Disord. 88, 119 (2005).
39. C. A. Ponder et al., T. C. Gilliam, A. A. Palmer, Genes
Brain Behav. 6, 736 (2007).
40. A. R. Hariri et al., Science 297, 400 (2002).
41. We thank E. Whitaker, C. Jacobs, B. Sexton, K. A. Espy,
J. Brehm, D. Bulling, and the James Long Company for
their invaluable assistance. Financial support was provided
by the NSF (SES-0721378 and SES-0721707), the ManTech
Corporation, and the University of Nebraska–Lincoln’s
Strategic Research Cluster Grant program.

Supporting Online Material

www.sciencemag.org/cgi/content/full/321/5896/1667/DC1
Materials and Methods
SOM Text
Fig. S1
Tables S1 to S6
Appendix 1
11 March 2008; accepted 18 August 2008
10.1126/science.1157627

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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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
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-center and greater orientation to appetitive (pleasing) stimuli
with left-of-center 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 connection between the physiological and the
political.
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The Left Rolls with the Good; The Right Confronts the Bad
Physiology and Cognition in Politics
1. INTRODUCTION
The most intense cultural conflicts tend to be disputes over the proper way to
structure and maintain mass-scale 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
(Jennings and Niemi 1968; Jennings, Stoker, and Bowers 2009; Zuckerman, Dasovic, and
Fitzgerald 2007) but until recently were little concerned with whether political
differences—whatever their original source (genetics, formative early developmental
occurrences, or more immediate environmental events)—have biological markers.
Consistent with the theme of this issue, we test the possibility that key differences are
embedded in broad biological processes. In particular, we investigate the possibility that
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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 (e.g., McCrae & Costa 2003; Caprara et al.
2006; Carney et al. 2008; Mondak et al. 2010), moral foundations (Haidt & Graham
2007; Graham et al. 2009), core values (Altemeyer 1996; Sidanius & Pratto 1999; Jost et
al. 2003; Baker 2005; Stenner 2005; Schwartz 2007; Hetherington & Weiler 2009),
baseline neural structures (Kanai et al. 2011), neural activation in response to unexpected
stimuli (Amodio et al. 2007), self-reported sensitivity to threat (Huddy et al. 2005),
tendency to perceive threat in faces (Vigil 2010), physiological response to threat (Oxley
et al. 2008), sensitivity to disgust (Haidt & Hersch 2001, Inbar et al., 2009), and possibly
even genetics (Settle et al. 2010; Hatemi et al. 2011).
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, Kenrick, & Schaller (2011) detail the differences between the selfprotection 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
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behavioral 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 a broad category of action such as avoiding or approaching
(Neuberg, Kenrick, & Schaller 2011). 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 (Bradley 2000; Mortensen et al. 2011).
Both of these systems “are evolutionarily old, shared across mammalian species and have
evolved to mediate the behaviors that sustain and protect life” (Bradley & Lang 2007, p.
30). Gray (1972; 1981) has described these two core systems as the behavioral inhibition
system (BIS) and the behavioral activation system (BAS), with the BIS typically
activated by aversive stimuli and the BAS activated by appetitive stimuli (see Carver et
al., 2000; Marcus 2002).
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.
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Doing so is important because variations in physiology connected with approach
behavior 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
immediate proximate causes of behavior (Bradley 2000; Davidson et al. 1990; Lang et al.
1990; Davis 2000; Davis & Lang 2003; Fanselow 1994).
This approach-avoidant behavioral 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 risk sensitive in that their physiological responses
and cognitive attention are heightened by aversive stimuli, a pattern that makes sense
from an evolutionary point of view (Neuberg, Kenrick, & Schaller 2011). Previous
empirical research supports this line of thought and, on average, physiological (Hamm et
al. 2003) and cognitive (Bannerman, Milders, & Sahraie 2010; Miltner, Kriescel, Hecht,
Trippe, & Weiss 2004) responses to aversive images outstrip those to appetitive images.
The operative phrase in the preceding passage, however, is “on average” and
substantial individual-level variation likely exists around the averages. Hair-trigger
autonomic nervous systems generate rapid and elevated physiological responses to
aversive stimuli and chronic susceptibility 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
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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 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 (Schwartz 2007).
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 preexisting 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
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 more attentive and
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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 (Schwartz, Caprara, & Vecchione 2010) 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-center in their political beliefs and those who stress purity and authority
tend to be right-of-center (Graham, Haidt, and Nosek 2009; Haidt and Graham 2007).
The missing links are 1.) evidence that individuals to the right-of-center do indeed
respond more physiologically to aversive stimuli while individuals to the left-of-center
respond more physiologically, in relative terms, to appetitive stimuli, and 2.) evidence
that individuals to the right-of-center pay more attention to aversive than to appetitive
stimuli while those to the left-of-center pay more attention, in relative terms, to appetitive
than to aversive stimuli. In the research described below, 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 lab 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 professional survey organization. Though in no way a representative sample, this
group has the advantage of not being restricted to college undergraduates and, relatedly,
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having reasonably representative demographic characteristics given the target population:
mean age = 42; 52 percent female; mean income in the $40,000-60,000 range; and mean
educational level = 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 our 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 lab. The data on two participants had to be removed, one due to a
health issue, the other due to a mechanical problem with a sensor.
To measure political orientation, several variables were combined. Since a U.S.
sample was utilized 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 a) report their ideological position on a scale running from strong liberal (left) to
strong conservative (right), b) report their partisan affiliation, from strong Democrat (left)
to strong Republican (right), c) answer 28 items on their specific policy preferences
(presented in the well-known Wilson-Patterson format, (see Wilson & Patterson 1968),
and d) 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” (Smith et al.,
2011; a full listing of these and the Wilson-Patterson items can be found in Appendices A
and B). For both the Wilson-Patterson issue items and the “society works best” items, an
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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. 57 to .75 (p < .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 approximately 75
percent of the variance, and factor loadings for the individual variables were .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 using a pair of
Ag/Ag/Cl 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, skin conductance 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 (Dawson et al., 2007). Given wide variation
in baseline skin conductivity and according to accepted practice, skin conductance levels
(SCL) 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
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standardized measure where 1=no change in SCL between viewing a fixation point and
an appetitive/aversive image, and numbers greater than 1 indicate an SCL increase.
All of the images used in the present study were rated by 126 independent judges
(none of whom were participants in the studies reported here) who were asked to rate on
a nine-point scale whether each image gave them “happy/positive” or
“unhappy/negative” 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, an
open wound with maggots in it, and a crowd fighting with a man. The three images
judged to be the most positive (appetitive) were of a happy child, a bowl of fruit, and a
cute rabbit. Raters were also asked to report the specific emotion they felt when looking
at each image, with the most frequently selected emotions for the three aversive images
being anxiety/fear (spider), disgust (maggots) and anger (fight). 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, all three appetitive
images most typically generated happiness, with satisfaction and amusement also
frequently mentioned.
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-center and right-of-center groups. The
consistent empirical finding in psychophysiology is that, while participants exhibit an
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enhanced physiological response to both appetitive and aversive stimuli, the response is
typically greater for aversive stimuli (Hamm, Schupp, and Weike 2003). Consistent with
the theory outlined above and with previous research on narrower emotions (e.g.,
Amodio et al. 2007; Oxley et al. 2008), 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 vs. aversive) x 2 (ideology: left vs. right) mixed analysis of
variance (ANOVA) as there is a significant interaction between image type and ideology
(F = 5.60; p < .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.
(Figure 1 about here)
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 upon stimulus type (skin conductance increase in response to
appetitive subtracted from skin conductance increase in response to 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-center
orientations and higher values on the physiological measure indicate relatively greater
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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 liberal
political orientations. Importantly, however, relatively greater electrodermal increases
when viewing aversive stimuli are indeed a strong predictor of right-of-center political
beliefs (b = 12.17; p < .01).
(Insert Table 1 about here)
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 analyzed
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 favorably or unfavorably,
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, Freedman, and Iacoboni (2007) 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
to images of the favored party) but these researchers did not analyze partisan groups

Physiology, Cognition, Politics 14
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 individuals 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-center participants respond more to
ideologically similar (appetitive) politicians while right-of-center 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
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increase in the participant’s skin conductance levels from the preceding inter-stimulus
interval to the images (pictures of politicians) in question.
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-center
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-center 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 vs. aversive) x 2
(ideology: left vs. right) ANOVA as there is a significant interaction between image type
and ideology (F = 10.86; p < .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.
(Insert Figure 2 about here)
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
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negative images tends to outstrip their response to positive images (b = 8.99; p < .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-center political
orientations.
(Insert Table 2 about here)
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 toward 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 seconds 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 prevalidated images (Lang et al., 2005) and others previously pre-rated from a separate
study. Appetitive images were drawn from the top 20 percent of positively-rated images
and aversive images were taken from the top 20 percent of negatively-rated images. Six
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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 behavior, 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 before participants look at each image type relative to the onset of the trial. 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 which allows for an examination
of not just bias towards specific items, but also avoidant behavior. 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 toward 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 the
“society works best” battery of broader political preferences (see 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.
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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
vs. single appetitive image) can be observed in Figure 3 separated for the 38 participants
furthest to the left and for the 38 participants furthest to the right.
(Insert Figure 3 about here)
A 2 (image type: appetitive vs. aversive) x 2 (collage type: single aversive vs.
single appetitive) x 2 (ideology: left vs. right) mixed ANOVA revealed a main effect of
image type (F = 41.14; p < .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. There is also a main effect of collage
type (F = 34.04, p<.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 x collage type interaction (F = 21.36, p<.01). Moreover, there is a main effect
of ideology (F = 7.09; p < .01), but the critical test of the hypothesis that individuals on
the right pay more relative attention than individuals on the left to aversive stimuli is the
interaction between image type and ideology. This interaction is significant (F = 3.75; p
= .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
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right half of the sample. For both trial types (single aversive vs. 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 analyzing 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 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. 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 = 75.08, p<.01 for the main effect of image type; F
= 7.28, p<.01 for the main effect of collage type, and F = 8.26, p <.01 for the interaction
between image type and collage type). Critically, however, there is again an interaction
between image type and ideology (F = 10.62, p < .01). As can be seen in Figure 4, those
on the left fixate appetitive images more quickly than those on the right while those on
the 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 toward aversive
stimuli as it relates to both dwell time (r = .32; p < .01) and first fixation time (r = -.19, p
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< .05). These correlations further confirm that increased political orientations tending
toward the right of the spectrum are associated with both faster orienting toward, and
greater time spent attending to, aversive relative to appetitive images whereas the
opposite is true for participants on the left of the ideological spectrum.
(Insert Figure 4 about here)
4. DISCUSSION
Research placing politics in a deeper biological context is growing and helpful
reviews are available (Fowler & Schreiber, 2008; McDermott, 2004) but research
focusing directly on the physiological and especially cognitive differences of individuals
with specific ideological leanings is still in its infancy. Our goal here was to further
understanding of the nature of political differences by combining physiological and
attentional variables in the same study. Doing so may permit useful interpretational
advances.
Our core finding is that, compared to 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 as a pathology in need of
explanation (Adorno et al. 1950; Altemeyer, 1986). For example, McClosky (1958)
concludes those on the right are “distrustful of differences…fear change, dread disorder,
are intolerant of nonconformity, and derogate reason” (p. 40) while Block and Block
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(2005) find that those on the right are “easily victimized, easily offended, indecisive,
fearful, rigid, inhibited, relatively over-controlled and vulnerable” (p. 395).
Demonstrating that those on the right not only respond more strongly to aversive
images but also devote more attention to the aversive in life suggests a different and
perhaps less value-charged interpretation of those holding right-of-center political
orientations. If individuals on the right exhibited elevated physiological response to the
aversive and, as a result, made every effort to avoid the aversive, they may be open to
charges that they are “fearful” and “vulnerable.” If this were the case, however, it would
be difficult to explain why typical right-of-center policy positions are anything but
avoidant and instead seem to indicate a desire to confront threats. The results presented
here help to explain this puzzle by indicating that, in spite of heightened physiological
responses, individuals on the right often diligently attend to the aversive, which in turn is
consistent with the fact that right-of-center policy positions are often designed to protect
society against out-group threats (e.g., by supporting increased defense spending and
opposing immigration) and in-group norm violators (e.g., by supporting traditional values
and stern penalties for criminal behavior).
As such, these results suggest that a simple distinction between approach and
avoidant behaviors 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 overly sensitive to aversive stimuli (Neuberg,
Kenrick, and Schaller 2010), it may be that those on the political left are more out of step

Physiology, Cognition, Politics 22
with adaptive behaviors. 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 hardly equates 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 problems 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 experiential differences mean for cultural conflict? At first
blush, the implications appear dire; after all, the absence of an objective reality would
seem to render fruitless any attempt at reasoning toward an optimal political solution. On
the other hand, for several reasons the normative implications regarding cultural conflict
may not be cause for alarm. First, our physiological study was weighted toward
participants with strong political beliefs and therefore the results do not reflect the large
percentage of individuals who probably are not physio-cognitively predisposed toward
any political orientation. These individuals, often found in the political center, are more
or less open to efforts at political persuasion.
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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 (Schell et al. 2002) but hardly immutable (Maguire, Woollett, & Spiers 2006). 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 leaves them sticky and slow to change—somewhere between
totally immutable and completely malleable. Evidence that political orientations are
often physiologically and cognitively instantiated suggests change is possible but
grudging and indeed this phrase would seem to be an apt description of the lack of
fluidity of the political positions of those with strong orientations.
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. The nature of political orientations is what it is. 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 acknowledged to be in part biologically based (consider
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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 willfully 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 physiological and cognitive variations that lead people to
experience the world in fundamentally different ways and therefore to believe that
distinct political policies are appropriate.
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APPENDIX A: WILSON PATTERSON INVENTORY
Please indicate whether you agree or disagree (or are uncertain) with regard to each topic listed
below:
School prayer
Pacifism
Socialism
Pornography
Illegal immigration
Women's equality
death penalty
patriot act
premarital sex
gay marriage
abortion rights
evolution
patriotism
biblical truth
Iraq
welfare spending
Tax cuts
gun control
military spending
warrantless searches
globalization
pollution control
small government
school standards
foreign aid
free trade
obedience
compromise

Coding
Participants receive a score of 1 when their response is consistent with conservative values and a
0 when their response is consistent with liberal values. Higher total scores are consistent with
individuals being more conservative whereas lower total scores are consistent with individuals
being more liberal.
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APPENDIX B: SOCIETY WORKS BEST INSTRUMENT
Traditional Values/Moral Codes
Society works best when…
1-People live according to traditional values
2-People adjust their values to fit changing circumstances
Society works best when…
1-Behavioral expectations are based on an external code
2-Behavioral expectations are allowed to evolve over the decades
Society works best when…
1-Our leaders stick to their beliefs regardless
2-Our leaders change positions whenever situations change
Outgroups/Rulebreakers
Society works best when…
1-People realize the world is dangerous
2-People assume all those in far away places are kindly
Society works best when…
1-We take care of our own people first
2-We realize that people everywhere deserve our help
Society works best when…
1-Those who break the rules are punished
2-Those who break the rules are forgiven
Society works best when…
1-Every member contributes
2-More fortunate members sacrifice to help others
Role of Group/Individual
Society works best when…
1-People are rewarded according to merit
2-People are rewarded according to need
Society works best when…
1-People take primary responsibility for their welfare
2-People join together to help others
Society works best when…
1-People are proud they belong to the best society there is
2-People realize that no society is better than any other
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Leadership
Society works best when…
1-Our leaders are obeyed
2-Our leaders are questioned
Society works best when…
1-Our leaders call the shots
2-Our leaders are forced to listen to others
Absolutes
Society works best when…
1-People recognize the unavoidable flaws of human nature
2-People recognize that humans can be changed in positive ways
Society works best when…
1-Our leaders compromise with their opponents in order to get things done
2-Our leaders adhere to their principles no matter what

Coding
Index construction: All “2s” coded to “-1” (negative 1) except for the first question in the
leadership SECTION, which is reverse coded (i.e. 1 is recoded to -1 and 2 to 1).
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Table and Figure Captions
Figure 1: Mean skin conductance change (in microsiemens) as a function of political
temperament (Liberal vs. Conservative) and image type (Appetitive vs. Aversive)
Table 1: Predicting Political Orientations with Differential Skin Conductance Reactivity
to Appetitive and Aversive Images
Figure 2: Mean skin conductance change (in microsiemens) as a function of political
temperament (Liberal vs. Conservative) and political image type (Appetitive vs.
Aversive)
Table 2: Predicting Political Orientations with Differential Skin Conductance Reactivity
to Ideologically Similar and Ideologically Dissimilar Political Images
Figure 3: Mean dwell time values (in ms) as a function of image type and trial type for
liberal and conservative participants. The top panel represents dwell time on trials in
which three appetitive and one aversive image are presented whereas the bottom panel
represents dwell time on trials in which one appetitive and three aversive images are
presented. 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.
Figure 4: First fixation time values (in ms) as a function of image type and trial type for
liberal and conservative participants. The top panel represents first fixation time to image
types on trials in which three appetitive and one aversive image are presented whereas the
bottom panel represents first fixation time to image types on trials in which one appetitive
and three aversive images are presented
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Table 1
Estimated
Coefficient

Standard
Error

12.17**

4.13

Age

-.04

.02

Gender

-.36

.30

Income

-.09

.10

Education

-.25*

.10

Constant
N = 46
R2 = .39; Adj. R2 = .31

5.66

.59

Skin Conductance1

1Degree

to which skin conductance increases were greater for aversive than appetitive stimuli

Notes: *p< .05; **p<.01 (two-tailed tests)
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 are more conservative.
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Table 2
Estimated
Coefficient

Standard
Error

8.99**

3.63

Age

-.03

.02

Gender

-.39

.31

Income

.01

.11

-.29**

.10

5.42

1.14

Skin Conductance1

Education
Constant
N = 46
R2 = 0.35; Adj. R2 = .27
1Degree

to which skin conductance increases were greater for ideologically dissimilar than for
ideologically similar politicians
Notes: *p< .05; **p<.01 (two-tailed tests)
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 are more conservative.

Physiology, Cognition, Politics 39

Figure 1

Physiology, Cognition, Politics 40
Figure 2

Physiology, Cognition, Politics 41
Figure 3

Physiology, Cognition, Politics 42
Figure 4

Red Brain, Blue Brain: Evaluative Processes Differ in Democrats and Republicans
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We matched public voter records to 54 subjects who performed a risk-taking task during
functional imaging. We find that Democrats and Republicans had significantly different
patterns of brain activation during processing of risky decisions. Amygdala activations,
associated with externally directed reactions to risk, are stronger in Republicans, while
insula activations, associated with internally directed reactions to affective perceptions, are
stronger in Democrats. These results suggest an internal vs. external difference in
evaluative process that illuminates and resolves a discrepancy in the existing literature.
This process-based approach to political partisanship is distinct from the policy-based
approach that has dominated research for at least the past half century. In fact, a two
parameter model of partisanship based on amygdala and insula activations achieves better
accuracy in predicting whether someone is a Democrat or a Republican than a wellestablished model in political science based on parental socialization of party identification.

Ideological differences between political partisans have been attributed to logical,
psychological, or social constraints 1. These differences are thought to be driven by institutional
political processes or individual policy preferences, rather than biological differences in
evaluative processes. 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 (28 males, 26 females) who had previously taken part in an experiment
designed to examine risk-taking behavior during functional brain imaging.
Individuals completed a simple risk-taking decision-making task 2 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 predetermined possibility of losing 40 or 80 cents. Therefore, participants chose between a lower
“safe” payoff and a higher risky payoff. The probabilities of receiving a negative 40 or 80 were
selected such that there was no advantage of choosing 20, 40 or 80 during the task, i.e. the
overall pay-off would have been the same for each pure strategy.
Participant groups were composed of 31 Democrats and 23 Republicans who did not
differ with regard to age (F(52,1)=1.73, p=0.19) or gender (!2=1.31, p=0.253) and gave informed
written consent approved by the University of California San Diego Human Research Protection
Program. Imaging data was processed using AFNI 3 and extracted for a priori regions of interest
within the amygdala, insula, and anterior cingulate. Significantly greater activation was
observed in the bilateral amygdala and ventral anterior cingulate for Republicans and in the right
anterior insula in Democrats when making winning risky versus winning safe decisions (see
SOM).
The amygdala plays a critical role in fear conditioning, however, this structure is also
important for other emotional information processing and behavior 4. Functional neuroimaging
studies have shown amygdala activation in fear conditioning 5, reward related processing 6,
encoding of emotionally salient information 7, risk-taking 8, processing positively valenced
stimuli9, and appetitive or aversive olfactory learning10. In comparison, neuroimaging studies of
insular cortex have found critical involvement of this neural structure in pain 11, interoceptive 12,
emotion-related 13, cognitive 14, and social processes 15. In particular, the insular cortex is
important for subjective feeling states and interoceptive awareness 12, 16. Thus, it appears in our
experiment that Republican participants, when making a risky choice, are predominantly

externally oriented, reacting to the fear-related processes with a tangible potential external
consequence. In comparison, risky decisions made by Democratic participants appear to be
associated with monitoring how the selection of a risky response might feel internally.
The association between party identification and ideology is well known, with
Republicans typically exhibiting more political conservatism than Democrats 17. Prior studies
have shown that self-reported liberals demonstrate stronger levels of physiological sensitivity to
cognitive conflict 17 and that supporters of socially conservative policies have higher skin
conductance response levels when exposed to startle stimuli 18. The present study resolves the
apparent conflict in these results. If Republicans are utilizing externally oriented processes in
reacting to risks while Democrats are internally directed, then we would expect the one group to
be more supportive of socially conservative policies and the other to be more sensitive to internal
conflict.
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 19. 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 20. While it
has been suggested that biological factors may lead liberals and conservatives to have different
sets of politically relevant values 21, the evidence presented here suggests that the processes of
evaluation themselves are distinct, perhaps leading to differentiable values, as well as differing
preferences for issues, candidates, and parties.
Perhaps the strongest finding to come out of the “Michigan school” when the behavioral
revolution spread to political science in the 1950s is 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 22. Indeed, a simple model of partisanship that includes mother’s and father’s
party accurately predicts about 69% of self-reported choices between the Democratic and
Republican party (see SOM). Yet, a simple two-parameter model of partisanship using
activations in the amygdala and the insular cortex during the risk task significantly out-performs
this longstanding model, correctly predicting about 79% of the observed choices (see SOM).
A central question unanswerable by this present study is the direction of causality.
Although political ideology 21 and strength of partisanship appear to be genetically heritable 23,
identification with a particular party does not. Thus, it is possible that neurobiological
differences between Republicans and Democrats drive their identification with different parties.
And, it is also possible that the mental processes that distinguish the world views of Republicans
and Democrats are reflected in the different neural mechanisms they utilize. Further untangling
the roles of party, ideology, genes, and neurocognition will be essential for advancing our
understanding of political attitudes and behavior. Being able to accurately predict party
identification using only neural activity during a risk-taking task suggests that investigating basic
neuropsychological differences between partisans may provide us with more powerful insights
than have been available using the traditional tools of political science.

Figure 1. Republicans and Democrats differ in the neural mechanisms activated while
performing a risk-taking task. Republicans more strongly activate their ventral anterior cingulate
(Region of Interest 1 in the brain image and bar graphs above) and bilateral amgydala (3 above),
associated with a more externally oriented reaction to risk. Democrats have higher activity in
their right insula (2 above), associated with internally directed reactions to affective perceptions.
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Huxtables on the Brain: An fMRI study of Race and Norm Violation

Darren Schreiber
University of California, San Diego
Marco Iacoboni
University of California, Los Angeles

Abstract: While a substantial body of work has been devoted to understanding the role of
negative stereotypes in racial attitudes, far less is known about how we deal with contradictions
of those stereotypes. This article uses functional brain imaging with contextually rich visual
stimuli to explore the neural mechanisms that are involved in cognition about social norms and
race. We present evidence that racial stereotypes are more about the stereotypes than about race
per se. Amygdala activity (correlated with negative racial attitudes in other studies) appeared
driven by norm violation, rather than race. Similarly, a pattern of deactivation in the medial
prefrontal cortex (previously associated with the dehumanizing of social outcasts) was connected
to norm violation, not race.
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Introduction
On the sitcom The Cosby Show, Bill Cosby portrayed obstetrician Cliff Huxtable,
married to attorney Clair Huxtable, and depicted a successful African American family living the
American dream. While a substantial body of work has been devoted to understanding the role
of negative stereotypes in racial attitudes, far less is known about how we deal with
contradictions of those stereotypes. Do members of other racial groups remain in the outgroup,
even when they are exemplars of mainstream social norms? Or, are negative racial attitudes the
result of implicit stereotypes that are defeated when explicit positive contexts are encountered?
Finally, what neural mechanisms are engaged when people process race and social norm
violation?
The violation of social norms is at the heart of the very need for government1, however
we have few insights into the mechanisms through which we detect and process violations of
those social norms. Here, we use functional brain imaging to investigate the brain regions
involved when participants perceive images of African Americans and Europeans Americans
who are either consistent with social norms or violating them. We find evidence that it is racial
stereotypes that are activating the amygdala, a brain region often thought of as being involved in
threat perception, rather than race itself. Similarly, we find that it is violators of social norms
that provoke the dehumanizing reactions evidenced in the pattern of deactivation in the medial
prefrontal region of the brain, while both norm consistent African American and European
Americans trigger activation, suggesting contemplation of the mental processes of others.
Finally, we present some results that may pave the way for a more nuanced understanding of the
1

“If men were angels, no government would be necessary. If angels were to govern men, neither
external nor internal controls on government would be necessary.” Federalist 51.
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social cognition of race, further investigation into the mechanisms behind social norms, and
suggests new lines of inquiry for understanding populations with pathological tendencies to
violate social norms, such as patients with borderline personality disorder.

Theory
Active debates rage about whether racial tensions are driven by principled conservatism
(Sniderman and Carmines 1997), symbolic racism (Sears et al. 1997), evolutionary mechanisms
(Kurzban et al. 2001), real conflict in group interests (Bobo 1983), or some mix of these
(Sidanius and Pratto 1999). A central theme in many of these debates is the role of social norms
and whether these exist as a reflection of racial divisions or as a cause of them. For instance, is
opposition to welfare policies driven by seeing the poor as a social outgroup in themselves, or by
stereotyping the poor as being black (Gilens 1999)?
Disentangling the components of racial attitudes is made more difficult because of the
wide variety of mental mechanisms at play. Research has shown that implicit and explicit racial
attitudes have distinct characteristics and implications (Dovidio et al. 1997; Greenwald et al.
2009) and rely on different neural mechanisms (Phelps et al. 2000; Lieberman et al. 2005).
Racial attitudes can also vary with motivations (Wheeler and Fiske 2005) to see the racial others
as part of an ingroup or an outgroup (Kurzban et al. 2001; Van Bavel et al. 2008; Van Bavel and
Cunningham 2009) and depending on whether one is able to reflect upon the racial other as an
individual or as merely part of stereotyped outgroup (Freeman et al. 2010). People also
demonstrate a tendency to mispredict how they will respond when encountering racist attitudes
(Kawakami et al. 2009). That poor prediction may be due to self-deception or the strong social
desirability effects of a culture that reinforces egalitarian public declarations.
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Functional brain imaging provides an important opportunity to distinguish the mental
processes that underpin racial attitudes and behavior (Eberhardt 2005; Ito and Bartholow 2009).
Researchers use functional magnetic resonance imaging (fMRI) to investigate changes in blood
flow to different regions of the brain with the goal of identifying specific neural systems engaged
by mental processes. The blood oxygen level dependent (BOLD) fMRI signal fluctuates with
alterations in the ratio of oxygenated to deoxygenated hemoglobin. It is believed that the
additional work that neurons are doing to support a particular mental task drives an influx of
oxygenated blood to provide energy for that additional work. Thus, the analysis of changes in
the BOLD fMRI signal allows us to make inferences about shifts in cerebral blood flow, which
allows us to infer the activity of neurons in particular regions of the brain.
One of the paradoxes of fMRI research is that it often attempts to localize mental
functions to particular brain regions, while we also know that the brain is phenomenally able to
reorganize in response to experience or trauma. For instance, learning a new skill can alter both
the thickness of the neocortex in specific regions (Draganski et al. 2004) and change structural
connectivity among regions (Scholz et al. 2009). Nonetheless, meta-analysis reveals remarkable
consistency in connections between mental function and regional brain activation (Costafreda et
al. 2008; Van Overwalle 2009).
Because there is a demonstrated tendency to misunderstand the meaning of biological
correlates of social behavior, we want to make clear at the outset that we are not making claims
about the innateness of particular predispositions, nor taking a position about whether biology
determines social behavior. Rather, this work is premised on the idea that mental processes are
reflected in the brain. Even the original Cartesian dualist believed that there was a connection
between mental processes and the brain (Descartes 1979 (original work 1641)). Thus, our study
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seeks to investigate the specific connections between particular mental tasks (e.g. processing race
and social norms) and the brain regions that support those mental tasks.
Race is a particularly promising area for investigating with functional brain imaging
because of the limitations that traditional tools of political science like surveys face. Phenomena
like the race of interviewer effect (Hatchett and Schuman 1975), stereotype threat (Davis and
Silver 2003), social desirability (Carver et al. 1978), and implicit attitudes (Greenwald et al.
2009) each impair the interpretability of survey results on racial attitudes in complex ways2.
Survey experiments (Sniderman and Carmines 1997), a variety of laboratory experimental
techniques (Hewstone et al. 2002), and field experiments (Paluck and Green 2009) have
supplemented the insights gained in surveys. However, identifying particular brain regions
activated can further constrain potential theories.
While a few dozen fMRI experiments on race have been done and while there are many
consistent findings, one of the most significant limitations (and one illustrated by the findings in
this paper) is on the interpretability of the regional brain activity that is detected. Though the
amygdala is canonically described as involved in the processing of threats, it has also been
shown to be involved in a wide range of social emotional processing, including positive
emotions (Costafreda et al. 2008; Sergerie et al. 2008). Nonetheless, this association between
negative affect and racial outgroups has been the focus of much of the functional imaging work
in this area.
Early work identified the amygdala (a pair of almond sized structures located adjacent to
the brain stem, see Figures 1 and 2) as active while perceiving images of members of racial
outgroups (Hart et al. 2000) and tied the intensity of amygdala activity to other measures of
2

For a recent and excellent review of the variety of methodological and theoretic approaches to
racial attitudes, see Huddy and Feldman (2009).
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negative implicit associations tied to members of racial outgroups (Phelps et al. 2000).
However, damage to the amygdala did not appear to impair typical performances on the implicit
association task or discrepancies between explicit and implicit racial attitudes (Phelps et al.
2003). The amygdala did appear more responsive to subliminally presented stimuli than to
stimuli that were presented for a duration long enough to be consciously perceived (Cunningham
et al. 2004). The differences between automatic/implicit and controlled/explicit racial attitudes
appeared to be tied to differences in amygdala activation as modulated by the frontal lobes
(Lieberman et al. 2005).
However, the amygdala is not the only brain region implicated in the processing of racial
phenomena. The fusiform face area and medial temporal lobe have both been shown to play a
role in our ability to recall the faces of members of racial outgroups (Golby et al. 2001). The
anterior cingulate cortex’s empathic response to the physically (Xu et al. 2009) and socially
(Krill and Platek 2009) inflicted pain of others is diminished substantially when the other is of
another race. Ingroup/outgroup effects have also been implicated in the default state network’s
processing of a social cooperation task (Rilling et al. 2008). This network includes the medial
prefrontal cortex, which has been shown to be involved in considering the mental states of
others. However, when the other is a member of an undesirable social outgroup, the mentalizing
activity in this region diminishes (Harris and Fiske 2006).
The generalizability of many of these results beyond the American black/white
dimension that dominated much of the early work in the field supports a recognition of the role
of a wider and more nuanced range of ingroup/outgroup dynamics. Theoretical frames like
social dominance orientation (Sidanius and Pratto 1999) or evolutionary psychology (Kurzban et
al. 2001) suggest that contemporary racial attitudes are perhaps a particular instance of a more
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basic tendency to form and navigate social alliances. These frames are supported by work
showing that the same brain regions involved in processing race are also involved when other
ingroup/outgroup distinctions are made salient (Van Bavel et al. 2008).

The Experiment
Thus, we designed this experiment to contrast two different types of ingroup/outgroup
distinctions and see if we could differentiate the brain regions that were involved in the
distinctions. We recruited a group of 19 college students to view a set of images while they were
being scanned using fMRI. The subjects were recruited from the college Republican club,
college Democrat club, or from sample of volunteers who had low scores on a measure of
political knowledge. The images they viewed were of either European Americans or African
Americans who were either norm violating (e.g. criminals, gang members, homeless) or norm
consistent (e.g. families, students, doctors)(See Appendix A for a detailed description of the
participants, the stimuli, and the data analysis).
The participants viewed the images in block design where five images of one type (e.g.
European American norm violators) were shown one after another for 4 seconds each. After
each block, the subjects would have twenty seconds of watching a blank screen. The functional
brain images acquired while the subjects participated in the experiment were then registered onto
a structural MRI of the individual’s brain and those individual brains were registered into a
standard brain atlas. In the statistical analysis, we used a general linear model to estimate the fit
at each voxel (the 3D equivalent of a pixel).
There are two main approaches that are used in analyzing fMRI data: region of interest
(ROI) analysis and whole brain analysis. Because the prior literature indicated that the amygdala
was frequently activated when people viewed images of African Americans, we extracted the
7

data for both the left and right amygdala and compared it with a resting baseline. Based on prior
results, we expected that the amygdala would be active for both the norm violating and norm
consistent images of African Americans, but also might be active with European American norm
violators.
Other work (Harris and Fiske 2006; Freeman et al. 2010) has suggested that activity in an
ROI in the medial prefrontal cortex (mPFC) might be diminished while viewing social
outgroups. The mPFC is located directly behind the middle of the forehead and is involved,
among other thing, in contemplating the mental states of others (see Amodio and Frith 2006 for a
review). The region is typically at a fairly high level of metabolic activity even during rest, but it
is part of a network of brain regions that deactivates during many tasks of technical cognition
(Gusnard and Raichle 2001; Raichle et al. 2001; Northoff et al. 2010). A wide variety of tasks of
social cognition cause activity here to increase above the resting baseline (Schreiber 2011
(forthcoming)). Dysfunction in the area is implicated in autism, which is typically characterized
by difficulty with reading the intentional states of others (Iacoboni 2006; Minshew and Keller
2010). While activations here are often found in competitive or cooperative contexts when we
engage with other humans, the region does not activate in parallel contexts when the other player
is a computer (McCabe et al. 2001). Thus, patterns of deactivations in the mPFC have been
interpreted as potentially a form of “dehumanization” wherein the individual thinks of an other
as an “it” rather than another human of equal social cognitive status. The ROI analysis allows us
to test specific hypotheses about the activity of regions during each of the experimental
conditions. The whole brain analysis, in contrast, tests a model against all of the voxels in the
entire brain at once, which requires appropriate statistical corrections.
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Results
Region of interest analysis
The ROI analysis for the amygdala proved to be largely consistent with the prior
literature. Images of African Americans appeared to activate both the left and the right
amygdala. Similarly, the norm violating images activated the amygdala bilaterally, while norm
consistent images deactivated it.
However, decomposing the results further supports the implication of the implicit
association task literature that it is negative stereotypes of African Americans that are driving the
amygdala results when there is no social context provided for the faces. Norm consistent images
of African Americans neither significantly activate nor deactivate the amygdala, whereas norm
violating images of European Americans do activate it (Figures 1 and 2). It may well be that
presenting the disembodied face of an African American, as in a typical social cognitive
neuroscience experiment, triggers a network of associations with social violations that is
reinforced by negative stereotypic images of African Americans presented in the media. When
presented with an image of African Americans that explicitly reflects the negative stereotypes,
the amygdala is activated. However, presenting images that run contrary to the negative
stereotype dampens the typical associations and thus may preclude the amygdala from activating.
In contrast, typical imaging studies on race find deactivation in the amygdala when
participants view disembodied faces of European Americans. The results here suggest that this
may also be the result of implicit associations. When the European Americans are shown in a
norm consistent context, the left amygdala deactivates in a statistically significant manner
9

(Figure 1). But, when they are shown as norm violators, one obtains the same level of activation
as for African American norm violators (Figures 1 and 2).
These results suggest an interpretation akin to Sniderman and Carmines’ (1997)
principled conservativism. They used a survey experiment in which questions pertaining to
social policies such as immigration, welfare, and affirmative action were randomly altered to
include references to African Americans or white Europeans, the deserving or the undeserving,
and based on various principles. Sniderman and Carmines contend that it is the violation of
conservative principles (i.e. a specific set of social norms) that triggers opposition to these
policies, rather than race per se. The region of interest analysis here lends credence to this
perspective. Participants’ amygdala activity to African American faces in other studies appears
driven by the implicit associations with norm violation that come with racial stereotypes in
America. When those associations are explicitly violated, then the purported threat response
measured in the amygdala evaporates.

Figure 1. Activity in the left amygdala corresponding with viewing images of norm violating
African Americans (BN), norm consistent African Americans (BP), norm violating European
Americans (WN), and norm consistent European Americans (WP).
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Figure 2. Activity in the right amygdala corresponding with viewing images of norm violating
African Americans (BN), norm consistent African Americans (BP), norm violating European
Americans (WN), and norm consistent European Americans (WP).

Figure 3. Activity from a region of interest in the medial prefrontal cortex (-2, 48, -7)
corresponding with viewing images of norm violating African Americans (BN), norm consistent
African Americans (BP), norm violating European Americans (WN), and norm consistent
European Americans (WP).
The results with the ROI in the mPFC show a similar pattern. The norm violating images
deactivate this region, while the norm consistent images activate it (Figure 3). Decomposing
11

these results shows that the norm violating African Americans provoke the largest deactivation,
while the norm consistent African Americans have the largest activation. Thus, norm violation
(for both African American and European American images) diminishes activity in this region
associated with mentalizing, and norm consistent images increase the apparent mentalizing
activity.
Thus again, it is norm violation that appears to be driving the differences in mPFC, rather
than merely race. Harris and Fiske (2006) argue that it is those appraised to be low in
competence and low in social warmth that are the “lowest of the low” and thus are dehumanized
(as reflected in diminished mPFC). The failure of individuated African Americans to activate
the mPFC as individuated European Americans do (Freeman et al. 2010) may have been the
result of disembodied faces that were not sufficiently contextualized by the handful of narrative
descriptors. With a rich visual context, both norm violating African Americans and European
Americans deactivate the mPFC and norm consistent images of both groups activate it.
Both sets of ROI results are consistent with previous imaging studies in the area of race,
but put the emphasis on ingroup/outgroup effects, rather than on race per se. While negative
stereotypes may implicitly put African Americans in a default outgroup status, the effect of those
stereotypes on the brain appear to be overridden with relative ease. We may perceive norm
violating African Americans as threats and dehumanize them, but we do the same with norm
violating European Americans.
Whole brain analysis
The results of the whole brain analysis were much more of a surprise. With the more
severe statistical thresholding applied to the model run over the entire volume of the brain, we
found no clusters of activation large enough to meet our standard for the contrasts based on race.
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The contrast for norm violation versus norm consistent images showed bilateral activations in the
fusiform gyrus. Decomposing the results demonstrated activation in the fusiform for both
African American and European American norm violating images. Furthermore, deactivations
were found in both African American and European American norm consistent images.

Voxels z score
x
y
z
Anatomy
729
4.19
16
-74
-10
Right Fusiform
359
3.61
-30
-100
6
Left Middle Occipital
73
3.54
36
-80
12
Right Middle Occipital
63
3.01
-26
-58
-14
Left Fusiform
59
3.33
18
-56
14
Right Posterior Cingulate
Table 1. Clusters of activation for a contrast of Norm Violating versus Norm Consistent images.
Threholded for z>2.3 (corrected) with clusters having a spatial extent of 50 voxels or more
(Worsley 2001).

Figure 4. Bilateral activity in the fusiform gyrus (crosshairs located at (24, -72, -21)) for a
contrast of Norm Violating versus Norm Consistent images.
13

Discussion
These large bilateral activations in the fusiform gyrus were initially puzzling. The
fusiform is located at the bottom of the brain, at the intersection of the temporal and occipital
cortices, and is most often discussed in terms of its role in higher level processing of visual
information, specifically the recognition and categorization of objects such as cars, birds, and
faces (Gauthier et al. 2000). This categorization activity can be driven by both top-down and
bottom-up cognitive processes (Devlin et al. 2005). The amygdala is typically considered to be
part of a bottom-up processing stream (Lieberman et al. 2003) and its responsiveness to social
anxiety and fear is moderated by activity in the fusiform (Pujol et al. 2009). The amygdalofusiform pathway of neural connections runs parallel to the hippocampo-fusiform pathway
(Smith et al. 2009), with the hippocampus typically being considered as part of a top-down
processing stream (Lieberman et al. 2003). These parallel networks may provide insight into a
potential social function of the fusiform, especially due to the importance of the amygdala for a
variety of social cognition tasks.
It is the role of this region in the perception of faces that has garnered the most attention
and controversy. Some have proposed the existence of a fusiform face area (FFA) that is
specifically focused on processing faces (Kanwisher et al. 1997). This region is usually
identified by a functional localizer task that identifies a region of the fusiform that responds
specifically to faces and is less responsive to other types of objects (Berman et al. 2010). The
FFA has been so widely discussed and debated that many studies involving social cognition
attribute activations in the fusiform to face processing regardless of whether they have
appropriately localized the FFA.
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While there are faces present in all of the stimuli in this experiment, the pattern of
activity here was much larger in volume than in the typical face processing experiments and
there were no clear precedents that would explain the pattern of activation and deactivation. The
fusiform does appear to respond relative to conscious attention (Kastner et al. 1998; Wojciulik et
al. 1998; Reddy et al. 2007) and it is possible that the norm violating stimuli would attract more
attention as the participants scan a potentially more threatening scene. Furthermore, attention to
fearful faces can activate the fusiform (Vuilleumier et al. 2001), while inattention to those faces
will diminish the activity (Pessoa et al. 2002). The fusiform is also active when subjects attend
to the shapes (Corbetta et al. 1990) or surface properties (Cant and Goodale 2007) of objects.
Thus, one possibility is that scenes of potential social norm violation draw more attention
to the objects present in that scene. In this scenario, lower level visual processes send
information to higher level processes, which in turn focus the effort of those visual regions on
potential evidence of social norm violation. This would be akin to what happens when subjects
were asked to attend to particular features of objects. Such asymmetric attention to norm
violating versus norm supporting images would be consistent with Prospect Theory (Kahneman
and Tversky 1979) and its prediction of asymmetric sensitivity to potential losses. If attention
was driving the differences then we might also expect to see other brain regions (Bush and Shin
2006) that are classically involved in attention to be also activated, which we do not. Another
possibility is that the fusiform itself plays a more direct role in the detection of norm violation
and thus drives the higher level processes.
Intriguingly, people with Borderline Personality Disorder (BPD) have both difficulties
with processing affect in faces and with processing social norms, presenting an intriguing
possibility. BPD is a psychiatric disorder with significant implications for social dynamics and
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is found in about 1.8% of the population. The pop culture image of BPD is Glenn Close’s
character in the film Fatal Attraction, a woman with intense mood swings who tends to see
people in dramatic black or white terms. The social costs of the disease are substantial, with
extremely high rates of suicide and accounting for a significant portion of psychiatric
hospitalization (Lieb et al. 2004).
People with the disorder often struggle with recognizing when they have broken a social
norm and are unable to repair a relationship once it has begun to deteriorate. In a repeated trust
game, for instance, healthy controls are able to maintain high levels of trust, and thus mutual
benefit, throughout ten rounds of a game. When a BPD patient is the trustee, however, they take
umbrage to any perceived slights and are unable to accurately detect attempts to repair a
breakdown in trust, with the result that payoffs to both parties in the second half of the game are
dramatically reduced. An fMRI study using the repeated trust game with BPD and healthy
controls showed that activity in the anterior insula, a region known to be involved in a variety of
social cognition tasks, corresponded with both the investment they received from their partner in
the trust game and the amount of money they returned to their partner. In contrast, the BPD
patients did not show a relationship between their insula function and either the amounts they
received or the amounts they returned (King-Casas et al. 2008).
While the main body of the King-Casas et al. article focuses on the insula result, the
online supplemental material notes bilateral activations in the fusiform gyrus and adjacent brain
regions ((32, -64, -16, k=24, z=4.01)(-32, -76, -12, k=50, z=4.55)(32, -80, -12, k=23, z=4.17)).
Of particular interest, this study provides the kind of minimal visual stimuli typical of a
neuroeconomics experiment. The subject essentially just views bar graphs of the payoffs. Thus,
we have no faces involved (the typical interpretation of fusiform activity in many social
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cognition experiments) and no obvious variability in the visual stimuli that would explain the
pattern of activity in the fusiform and surrounding areas.
Further searches revealed a common pattern of fusiform activity in a number of papers
involving norm violation and/or BPD patients where the activity was either unmentioned in the
body of the article or given a single sentence talking about the role of the fusiform in face
processing. When borderline patients viewed a set of images from the International Affective
Picture System that contained scenes of violence and danger, crying children, or mutilated
bodies, they had large bilateral responses in their fusiform (-40, -51, -17, k=418, t=10.90)(40, 51, -17, k=571, t=11.62)(Herpertz et al. 2001), a result that was largely replicated later (-38, -54,
-18, z=4.15, k=109)(Koenigsberg et al. 2009). When the stimuli were positively valenced faces
(-50, ! 62, ! 10; t=5.27) or negatively valenced faces (-46, -70, -4, t=4.84), the BPD patients had
activations in areas overlapping the main finding in this paper (Guitart-Masip et al. 2009). And,
when the task was observing images triggering thoughts about failed social attachment, the
fusiform was also implicated in BPD (42,! 78,! 12, z=4.26)(Buchheim et al. 2008). All of this
work suggests that the fusiform functions unusually in BPD patients, a population known to have
tremendous difficulty with social norms.
The fusiform is also involved in studies where all the participants are non-clinical and the
stimuli involved social norm violation. With verbal narration of intentional or unintentional
norm violations, substantial activity in the fusiform is observed (-20, -82, -10, z=4.32, k=686)(30,-80, -12, z=3.93, k=444)(Berthoz et al. 2002). Video of people being attacked with weapons
also provokes fusiform activity (!46 !58 !22, t=5.11, k=251)(Nummenmaa et al. 2008). A
variety of other norm violations such as people being deceived (46, -36, 20, z=3.27,
K=45)(Grezes et al. 2006), having the threat of sanctions for norm violation in the trust game

17

(36, -48, -16, z=3.63, K=18)(Li et al. 2009), being judged by others for violating social norms
(no coordinates provided in the article)(Izuma et al. 2009), making a decision while under the
threat of social sanction (-28, -68, -18, z=3.91)(Spitzer et al. 2007), and deciding difficult moral
dilemmas described with colorful language (27, -24, -30, k=52, F=9.81)(Borg et al. 2006) all
involve the fusiform. A number of these studies do not involve facial or other visual stimuli and
the fusiform results typically receive little or no mention in the articles.
A few studies do provide discussions of the fusiform or adjacent activations in the
context of social norms. Viewing the faces of intentional cooperators correlates with bilateral
activation in the fusiform (42, -48, -33, z=3.70)(-51, -63, -21, z=4.13)(Singer et al. 2004).
Viewing untrustworthy faces triggers bilateral activation of the fusiform (44, –46, –22; z=3.58;
–48, –48, –24; z=3.60)(Winston et al. 2002). And, succumbing to pressure to conform with
social norms is related to large deactivations encompassing the bilateral fusiform gyrus (10, -58,
4, z=-5.61, K=1588)(Klucharev et al. 2009).
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Figure 5. Coordinates of peak activations reported in fourteen brain imaging studies of norm
violation with borderline personality disorder patients (1-5) and healthy participants (6-14).

In Figure 5, we have overlaid the points of peak activation for fourteen studies involving
norm violation in BPD and healthy participants (1-5) or only healthy participants (6-14) onto an
axial slice of the brain with the results from our study for comparison. The spatial extent of
many of these activations is quite large, with many of them being the largest activations in the
study and extending into both hemispheres.
So, why might the fusiform, a region typically considered to be involved in high order
visual processing, categorization, or face recognition be responsive to violations of social norms?
A basic consequence of Charles Darwin’s (1996 [1859]) ideas about evolution is that “an organ
originally constructed for one purpose... may be converted into one for a wholly different
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purpose.” Thus, some of the first fish to go on land, like tiktaalik, move about on fins that
presage the legs of their tetrapod descendants.
This evolutionary principle is often found in the layering of social brain function onto
regions where analogous, more basic cognitive processes are found. Thus, the social pain of
exclusion activates a region in the anterior cingulate known to be responsive to the experience of
physical pain (Eisenberger et al. 2003), the revulsion to incest and iniquity engage a portion of
the insula known to be involved in revulsion to infection (Borg et al. 2008), and the neurons we
use to control our own motor movement fire when we observe that movement in others (Iacoboni
2008). A potential explanation then is that visual detection of socially relevant phenomena like
recognition of faces and affect engaged the early analogues of the fusiform in our primate
ancestors (Rajimehr et al. 2009). As the complexity of the primate social world evolved,
increasing levels of social cognition would demand additional ability to detect violations of
social norms (Schreiber 2007).
Processing visual evidence of social norm violation would likely require identification of
the facial expressions and categorization of behaviors as cues to intentionality (de Waal 1998)
both when one violates a norm and when one observes others violating norms. If detection of
visual evidence of norm violation increases functional connectivity with bottom-up and topdown processes, then it is easy to imagine the fusiform being engaged for norm violation even in
contexts where the visual information is not paramount.
These results suggest support for Kurzban et al.’s (2001) contention that it is coalitional
cognition, rather than race per se that is driving much of the observed difference in racial
attitudes. When implicit stereotypes are defeated by the explicitly presented context, then
measures of threat, dehumanization, and norm violation are reduced. These results suggest that
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norm consistent images of African Americans are perceived as part of an “us”, rather than a
“them.” Just as with Kurzban’s results, the team membership trumps racial identity with
minimal exposure.
Furthermore, the results in the amygdala have been traditionally interpreted as connected
with implicit and automatic attitudes rather than with deliberate judgments. Such an
interpretation would be consistent with Kurban’s findings, although it is important to note that
there are many instances shown where deliberative processes down regulate the automatic
amygdala activations (e.g. Lieberman et al. 2005). It may be that the norm consistent images
evoke explicit mental processes, which alter the amygdala function. However, the fMRI data in
the present study does not support such an interpretation. Further study would be needed to tease
out such a theory.
Further explorations along the line of Kurban’s work would also be insightful. How
would the brain regions discussed in this paper respond to norm violation when ingroup
membership has already been firmly established? Would individuals present evidence of the
type of heightened response that comes when betrayal is unexpected because of prior loyalty?
Would we be able to further disentangle norm violation from outgroup effects? And, would we
see the same kind of inability to erase the effects of gender that Kurzban identifies and contrasts
with the erasable effects of race? On this last point, Kurzban argues that evolutionary
psychology suggests that gender is also salient for reproduction and long term survival, where as
coalition membership is expected to be more permeable. On similar reasoning, one might
predict that serious norm violation consigns another to outgroup status (i.e. banishment),
regardless of the strength of previous ingroup attachment.

21

Future work could test the implications of this paper using large-n experimental surveys
in which subjects are provided short vignettes where race and norm violation are varied.
Evaluating priming effects for positive or negative emotions, for judgmental or laudatory
adjectives, and for human or animal words could provide further evidence that automatic implicit
associations are altered by the context of a racial encounter. Since the number of trials and
participants limits this experiment, further replication would illuminate and solidify the findings.
Using an event-related design in which images are shown individually could potentially trade
some statistical power for an improved ability to identify the effects of particular images. And,
replicating the study using a subset of images where faces are obscured would improve the
ability to interpret the fusiform activity.

Conclusion
Functional brain imaging continues to develop as a new tool for exploring the mental
processes that are involved in racial attitudes and social norms. Being able to get beyond
behavioral data and self-reports allows us more direct evidence about how the brain is engaged
in social cognition and what neural mechanisms might be active. The results in this paper fit
with the general trend towards seeing racial attitudes as part of a larger framework of
ingroup/outgroup phenomena, but show the interplay of social norm violation as an important
intervening force.
This paper also points to two significant limitations in the existing functional imaging
literature. First, while the use of disembodied faces in functional imaging studies is typical, the
human brain did not evolve for seeing Cheshire cat like grins devoid of context. These
experiments have been useful in that they provide some evidence about the implicit associations
and stereotypes that we carry about African Americans or other minority groups. However,
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implicit attitudes are not the only kind. The dual-process models of social psychology are
important because they demonstrate the limits of introspection and show how much sway
subconscious mental processes have. Nonetheless, our explicit perceptions and attitudes have
been shown again and again to override the implicit ones. And furthermore, when we encounter
people, it is usually heavily contextualized. The use of rich, natural stimuli like the images in
this study should be a regular compliment to the decontextualized stimuli that is more commonly
presented.
Second, the functional brain imaging literature generates gigabytes of data with each
experiment. This is orders of magnitude greater than previous generations of surveys and
experiments. The downside of the cornucopia is that repeated patterns that do not fit previous
expectations can lie dormant in the midst of that data. The role of the fusiform gyrus postulated
in this paper is supported by results in a number of functional imaging studies that do not even
discuss the fusiform, or consign it to tables, figures, or supplementary materials. The inference
by analogy that predominates in functional imaging has path dependency as a byproduct. When
a conventional interpretation of neural activity has become established, then the plethora of data
makes it easy to instead focus on the easily comprehensible result. This happened in many of the
articles cited in this paper despite the fact that the fusiform results were often the largest and
most statistical significant. However, because their substantive significance was unclear and an
easy analogy was unavailable, they were often simply not discussed.
This problem is exacerbated by limitations that stem from the conventions about how
fMRI data is reported. While tables reporting peak activations are useful, the spatial extent of
the activations in these studies were sometimes so large that they overlapped areas far beyond
the anatomy labeled in the tables. Only when papers also included visualizations of the data was
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it possible to see that the activity in these other studies overlapped or was adjacent to the results
presented here. With a variety of naming conventions (e.g. Broadmann areas, Tailarach
coordinates, MNI coordinates, and a host of different labels for the same anatomy), it is
extremely difficult to search the existing literature for other relevant findings in a coherent
manner. Attempts to remedy this include databases of reported coordinates of activations.
However, in cases of broad spatial activity (as in many of the papers discussed above) even this
would provide an inadequate solution. Since the National Institutes of Health has already
coordinated on a file format that all major functional imaging software uses, archiving the image
files that are the result of a whole brain analysis should be relatively easy. As this paper
demonstrates, latent patterns likely exist among many results from studies that have already been
done.
In this paper, we have demonstrated that patterns of brain activity often attributed to
racial stereotypes might be more appropriately ascribed to stereotypes rather than race per se.
We have also identified an additional potential role for the fusiform gyrus in the perception of
social norm violations. Further research will be required to confirm this possible connection. If
so, we might have a new mechanism for investigating how the brain processes social phenomena
and a deeper understanding of how dysfunctions emerge. If Borderline Personality Disorder
does involve an abnormal function of the fusiform that is connected to the disease’s
dysregulation as regards social norms, then we may have also uncovered a mechanism that might
lead to more effective treatment for a population that suffers substantially and involves large
societal costs.
Understanding the role of social norms and ingroup/outgroup dynamics is at the core of
political science. Developing a deeper comprehension of the neural mechanisms involved will
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alter our theories of human nature (Fowler and Schreiber 2008) and thus alter the more macro
theories that guide our design of political institutions. While functional imaging is not yet often
used by political scientists, it has the potential to add to the many tools we already rely on.

Appendix A
Methods and Materials
Subjects
For this study, we recruited nineteen healthy undergraduate students in three groups. Six
of the students were recruited from the college Republican Club, six were recruited from the
college Democrat Club, and seven were undergraduates not affiliated with a campus political
organization. All of the participants were screened with a sixteen-item political knowledge
questionnaire. As expected, the political club members scored high on this measure with a mean
political knowledge score of 15.2+0.9. The unaffiliated undergraduates were solicited through
email. We received eighty-nine responses with a mean political knowledge score of 12.0+2.9.
In order to maximize the difference between the politically knowledgeable and the politically
novice groups, we recruited seven undergraduates with the lowest political knowledge scores
(mean 7.9+1.9) to participate in the brain imaging portion of the experiment.
Because race perception was a central issue of our investigation, we initially included
only the eighteen Caucasian participants in the analysis of the brain imaging portion of the
experiment. However, both a standard and robustness analysis of the fMRI data showed no
significant differences from including the nineteenth participant who was of Asian descent. The
twelve political club members (5 females) had a mean age of 21.1+2.1, whereas the seven
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political novices (6 females) had a mean age of 20.2+1.5. Participants gave informed consent
following the guidelines of the college Institutional Review Board. All subjects were screened to
rule out medication use, a history of neurological or psychiatric disorders, head trauma,
substance abuse or other serious medical conditions.
Stimuli
In order to enhance the external validity of the materials presented in this study, we
collected images of African Americans and European Americans from a wide variety of
magazines and websites. We selected images that were easily comprehendible, with visual cues
that would allow subjects to grasp what they were seeing. We selected images into two distinct
groupings. For the norm consistent group, we found images of people that were consistent with
mainstream cultural values. This group consisted of teachers, students, police officers, doctors,
families, business people, and affectionate heterosexual couples. For the norm violating group,
we were looking for images that violated mainstream values. In this set we had images of gang
members, rappers, punk rockers, rioters, homeless people, neo-Nazis, prison inmates, and mug
shots of convicted sex offenders.
All of the images were either from digital sources or digitally scanned. They were all
rendered in black and white to create consistency from the mix of color and black and white
original source images. All of the images were resized to be similar when presented on the
screen.
From a large pool of images, we selected ten images for each of the groups in the two by
two design (Race x Norm). As the brain imaging experiment called for a block design to
maximize the likelihood of obtaining a strong BOLD fMRI response, we randomly sorted the ten
images of each cell of the design into two, five-image blocks. While in the scanner, subjects
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were presented with each image for four seconds, one after the other for a total of twenty seconds
per block. All of the images in each block were of the same race and norms category. After
each block of images, the subjects saw a blank screen for twenty seconds, followed by another
block of images. In total, the subjects saw eight blocks of images over the course of the
experiment. The subjects were asked to look at the images and told that they would be asked
questions about what they saw.
Functional Imaging Data Acquisition and Analysis.
Images were acquired using a GE 3.0T MRI scanner with an upgrade for echo-planar
imaging (EPI) (Advanced NMR Systems, Inc.). A 2D spin-echo image (TR = 4000 ms; TE = 40
ms, 256 by 256, 4-mm thick, 1-mm spacing) was acquired in the sagittal plane to allow
prescription of the slices to be obtained in the remaining sequences. This sequence also ensured
the absence of structural abnormalities in the brain of the enrolled subjects. For each subject, a
high-resolution structural T2-weighted EPI volume (spin-echo, TR = 4000 ms, TE = 54 ms, 128
by 128, 26 slices, 4-mm thick, 1-mm spacing) was acquired coplanar with the functional scans.
One functional EPI scan (gradient-echo, TR = 4000 ms, TE = 25 ms, flip angle = 90, 64 by 64,
26 slices, 4-mm thick, 1-mm spacing) was obtained for a duration of six minutes while the
subjects viewed the images through MRI scanner compatible video goggles. The functional scan
covered the whole brain and was composed of 90 brain volumes. The order of the presentation
of the blocks of images was randomized for each subject.
GE image files were converted into Analyze files and processed with FSL
(http://www.fmrib.ox.ac.uk/fsl). Brain volumes within each fMRI run were motion corrected
using MCFLIRT (Jenkinson et al. 2002). Spatial smoothing was applied using a Gaussianweighted kernel of 5 mm at full-width half-maximum, and data were high-pass filtered with
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sigma=15.0 seconds and intensity normalized. Functional images were first registered to the coplanar high resolution structural T2-weighted EPI volume after non-brain structures had been
removed from the co-planar high-resolution T2-weighted EPI volume using BET (Smith 2002).
Functional images were subsequently registered to the Montreal Neurological Institute Talairachcompatible MR atlas averaging 152 normal subjects using FLIRT (Jenkinson et al. 2002).
To analyze the data, we used two different statistical approaches. In the whole brain
analysis we evaluated the time series data of the BOLD fMRI signal for each of the cubic
millimeter voxels in the brain. This whole brain analysis allows for a broader set of hypothesis
tests, for instance, looking for all brain regions that are more active when responding to norm
violating images than norm consistent images. The other method we used is known as region of
interest analysis (ROI). In this method, the data for all the voxels in a particular brain region are
grouped and extracted for analysis.
Whole brain statistical analyses were carried out at two levels: the level of the individual
and a higher-order inter-group comparison level. Time-series statistical analyses were carried
out using FILM with local autocorrelation correction (Woolrich et al. 2001). Higher-level
statistics were carried out using mixed-effect (random effects) implemented in FLAME
(FMRIB's Local Analysis of Mixed Effects) (Beckmann et al. 2003). Z image statistics were
performed with a threshold of Z=2.3 at voxel level (Worsley et al. 1992; Friston et al. 1994;
Forman et al. 1995; Worsley 2001). After the initial analysis with eighteen Caucasian subjects,
all nineteen subjects (18 Caucasians, 1 Asian) were included and the data reanalyzed using both
the standard two-stage FLAME analysis and the robust analysis. The reanalysis indicated no
significant differences, so the results of the robust analysis with nineteen subjects was presented
in the paper.
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ROI analysis was carried out using the Featquery program to extract the brain regions of
interest. The ROIs for the amygdala were generated from the Harvard-Oxford Subcortical
Structural Atlas. The ROI in the mPFC was generated using a 5 mm sphere centered at
coordinates (-2, 48, -7) previously reported as being involved in mentalizing processes when
viewing social outgroups (Harris and Fiske 2006; Freeman et al. 2010).
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