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This study examined the neural basis of framing effects using life-death decision problems framed either
positively in terms of lives saved or negatively in terms of lives lost in large group and small group con-
texts. Using functional MRI we found differential brain activations to the verbal and social cues embedded
in the choice problems. In large group contexts, framing effects were significant where participants were
more risk seeking under the negative (loss) framing than under the positive (gain) framing. This behav-
ioral difference in risk preference was mainly regulated by the activation in the right inferior frontal gyrus,
including the homologue of the Broca’s area. In contrast, framing effects diminished in small group con-
raming effects
MRI
ecision making
ocial context
roup size

nferior frontal gyrus
nsula

texts while the insula and parietal lobe in the right hemisphere were distinctively activated, suggesting an
important role of emotion in switching choice preference from an indecisive mode to a more consistent
risk-taking inclination, governed by a kith-and-kin decision rationality.

© 2010 Elsevier Ltd. All rights reserved.
iddle frontal gyrus

. Introduction

Framing effect, one of cognitive biases, shows that presenting
he same option in different ways (e.g. loss vs. gain) can reverse peo-
le’s risk preference (Kühberger, 1998; Levin, Schneider, & Gaeth,
998). A widely cited example of decision bias and human irra-
ionality is a framing effect, first demonstrated by Tversky and
ahneman (1981) using the “Asian disease problem”. In the cover
tory of the problem, the participants were asked to imagine that
the US is preparing for the outbreak of an unusual Asian disease,
hich is expected to kill 600 people. Two alternative programs

o combat the disease have been proposed.” The outcomes of the
rograms were then framed (phrased) differently. In the “positive
raming” the participants were told, “if Plan A is adopted, 200 peo-
le will be saved. If Plan B is adopted, there is a one-third probability
hat all 600 people will be saved, and two-thirds probability that
one of them will be saved”. Given a binary choice between the
wo alternative plans, the majority of the participants (72%) were

isk averse, preferring the sure option (Plan A) over its risky gam-
le equivalent (Plan B). However, when the same outcomes were
negatively framed” in terms of lives lost (“If Plan A is adopted, 400
eople will die. If Plan B is adopted, there is a one-third probability

∗ Corresponding authors.
E-mail addresses: xtwang@usd.edu (X.T. Wang), zhulq@psych.ac.cn (L. Zhu).

028-3932/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2010.06.031
that none of them will die, and two-thirds probability that all 600
people will die.”), the majority of the participants (78%) were risk
taking. They favored the gamble over the sure option.

Wang (2008) proposed an Ambiguity and Ambivalence (AA)
hypothesis of framing effects with the main assumptions as fol-
lows: (1) decision cues are selected and used in accordance to
their priorities; (2) cue priority reflects evolutionary and ecolog-
ical validity of a cue in predicting specific risks; (3) primary cues
in risk communication carry evolutionary, ecological, social signif-
icance and anchor risk preference, while secondary cues of verbal
communication fine-tune the risk preference of the decision maker.
Accordingly, inconsistent decision biases, including framing effects
tend to occur as a result of secondary cue use when primary cues
are absent in risk communication (i.e., an ambiguity condition) or
when primary cues elicit conflicting preferences (i.e., an ambiva-
lence condition). An ambiguity effect may occur when the social
context of a risk problem is evolutionarily novel and thus has low
ecological validity. This lack of ecologically valid cues in decision
context would result in ambiguity in risk preference, which in turn
causes inconsistency and biases in risky choice.

The size of a social group in the Asian disease problem may

serve as a useful and parsimonious cue of structural and relational
features of the group. We argue that human computational strate-
gies are governed by a “kith-and-kin” (friendship-and-kinship)
rationality, which has an inherent preference for cooperation and
joint-venture with kin and friends and distinguishes “we groups”

dx.doi.org/10.1016/j.neuropsychologia.2010.06.031
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:xtwang@usd.edu
mailto:zhulq@psych.ac.cn
dx.doi.org/10.1016/j.neuropsychologia.2010.06.031
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rom “they groups” (e.g., Tajfel, Billig, Bundy, & Flament, 1971;
ang, 2008). A “kith-and-kin” rationality would process a collec-

ion of individuals in social situations as a “we group” based on
roup cues such as group size. An evolutionary typical “we group”
s featured by both kith-and-kin relationship and a small size rang-
ng from several (family or friends) to 100 or so (e.g., a band or
ribe).

In our long evolutionary history, humans mainly lived in small
roups (Cosmides & Tooby, 2000; Knauft, 1991; Lee & DeVore,
968). Caporael, Dawes, Orbell, and van de Kragt (1989) have
rgued that small groups, as a basic form of social structure in
ominid evolution, would have given rise to selected mental adap-
ations, favoring emotional and cognitive mechanisms that worked
ell in small group living. The size of a group prompts the close-
ess between the members and their degree of interdependence for
ompleting a task. As Olson (1965) argued, “the larger a group is, the
arther it will fall short of providing an optimal supply of any col-
ective good ... in short, the larger the group, the less it will further
ommon interests” (p. 65). It is true that some large groups consist
f interdependent members and some small groups of indepen-
ent members. But on average, the smaller (kith-and-kin) groups
onsist of closely related members. A loss of 2/3 of a large group
ay not be fatal, but a 2/3 loss of a 6 member family may result in

unctional death of the group (i.e., a failure to continue functioning
s a group).

Due to a higher interdependence among the members, small
roup living promotes a “we all live-or-die together” risk attitude.
or instance, if a three-person team is working on a construction
roject, the performance of each member will be highly dependent
pon the others. Losing even one member would jeopardize and
isable the rest of the members and the entire project. Thus, given a

ife-death problem, the respondents would be more willing to take
isks to save all under both framing conditions. However, once a
hoice problem is presented in a large, anonymous group context,
he respondents would be more likely to resort to secondary (verbal
nd communicational) cues and become more variable.

In a series of studies (Wang, 1996a, 1996b; Wang, Simons &
rédart, 2001), the authors examined the appearance and disap-
earance of framing effects when the size of the group (the total
umber of lives at stake) was systematically manipulated. The same

ife-death problem was framed either in terms of lives saved or in
erms of lives lost. The framing effect was evident, but it occurred
nly when the problem was presented in a large, anonymous, and
hus ambiguous group context involving 600 lives or more. The
raming effect was absent when the size of the endangered group
as within a two-digit number (<100), and the majority of the par-

icipants unambiguously preferred the gamble option under both
he saving- and losing-lives framing conditions. This group size
ffect is unlikely a result of difference in numerical magnitude (e.g.,
vs. 600) involved in decision calculation. Wang (1996a) demon-

trated that framing effects occur in large groups of 6000 as well
s 600 people, and disappear in small groups of 60 as well as 6
eople. The tenfold difference between the two large groups and
etween the two small groups does not make a difference in choice
reference. Further evidence comes from the Wang et al. (2001)
tudy, where typical framing effect occurs in the context of 6 billion
uman lives but disappears in the context of 6 billion ET (extrater-
estrials) lives at stake. Thus, framing effect is not a large number
ffect, but is human group size-sensitive. Such findings are in sharp
ontrast to predictions from normative models of expected utility
heory. That is, formally identical life-death questions would yield

he same choice preference. According to the independence axiom
f expected utility theory (Savage, 1954), if one prefers the sure
ption of 1/3U (6) to the gamble of U(1/3*6 + 2/3*0), the person
hould also prefer 1/3U(600) to U(1/3*600 + 2/3*0). Note that the
econd pair of options can be reduced to the first pair by multi-
ia 48 (2010) 3198–3204 3199

plying a common ratio of 1/100. Thus, the normative model would
predict no group size effects.

In sum, these previous findings suggest that the small size of
a social group signals a higher interdependence between group
members and evokes a kith-and-kin rationality that guides a live-
or-die together risk preference. The group size effects consist of
two components: (1) people become more risk seeking; and (2)
framing effects disappear when the structurally identical life-death
problems are presented in small group contexts instead of in large
anonymous group contexts. In contrast, risk preference of a deci-
sion maker becomes erratic when prioritized group cues are absent
in a large anonymous group context. When risk preference is
ambiguous, secondary cues such as verbal framing is used to direct
choices.

A considerable number of studies in both cognitive and social
psychology have shown that our cognitive processes are frequently
influenced by our sense of group membership (e.g., Brewer, 1979;
Tajfel, 1981). Findings from animal studies also suggest that group
size shapes social behavior and small group contexts elicit stronger
social emotions (Brosnan, Schiff, & de Waal, 2005; Estevez, Keeling,
& Newberry, 2003; Pagel & Dawkins, 1997). Brosnan et al. (2005)
found that chimpanzees housed in pairs show a strong response
to inequity whereas those from a long-standing large social group
are more tolerant to inequity. Similarly, increasing aggression with
decreasing group size was found in domestic fowl (Estevez et al.,
2003; Pagel & Dawkins, 1997).

Recent developments in evolutionary psychology and neu-
roscience shed light onto brain mechanisms implementing a
kith-and-kin rationality. Stone (2007) argues that cognitive algo-
rithms possess evolutionary design features that allow automatic
and rapid reactions to valid social cues. Lieberman and colleagues
(Lieberman, Oum, & Kurzban, 2008; Lieberman, Tooby, & Cosmides,
2007) have shown specific cognitive mechanisms for kinship detec-
tion and for incest avoidance that is sensitive to group size cues.
Platek and Krill (2009) have shown some neural evidence of kin
detection which should be an important component of kith-and-
kin rationality, particularly in a life-or-death situation. Krill and
Platek (2009) in an fMRI study found that a specific brain area, the
anterior cingulate cortex is sensitive to changes in group member-
ship.

So far, we know little about neural mechanisms underlying
aforementioned dynamics of framing effects. A recent fMRI study
of framing effects by De Martino, Kumaran, Seymour, and Dolan
(2006) using monetary gambles, reported that the framing effect
was specifically associated with amygdala activity suggesting a
key role for an emotional system in mediating decision biases.
Moreover, across individuals, orbital and medial prefrontal cortex
activity predicted a reduced susceptibility to the framing effect.

In the above study, a “rational index” was used to measure par-
ticipant’s susceptibility to framing effects. The index was calculated
in terms of the difference between the proportions of trials in which
a given subject chose the gamble option in the loss frame, as com-
pared to the gain frame, under the assumption that insusceptibility
to framing manipulation is an index of rational thinking. De Mar-
tino and colleagues found that this index was positively correlated
with the activity in the orbital and medial prefrontal cortex and
concluded that more rational subjects exhibited greater activation
in OMPFC.

Implied in the above study was a hypothesis that framing effects
as an irrational decision bias are affect-ridden but controlled and
reduced by a cognitive and rational system located in the prefrontal

cortex. However, based on the AA hypothesis of framing effects, ver-
bal framing as secondary cues are likely attended and processed by
the prefrontal cortex when the choice preference of the decision
making is ambiguous (e.g., in a large anonymous group context).
In contrast, affect-ridden brain areas are more likely to be acti-
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Table 1
Group size dependent framing effects.

Frame Group size Sure Gamble Framing effect

Positive 600 85 (48%) 91 (52%) Yes p = 0.013
Negative 600 62 (35%) 114 (65%)
200 H. Zheng et al. / Neuropsy

ated by primary cues such as small or kinship group contexts and
hus reduce framing effects. The present fMRI study was designed
o further examine the interplay between emotion-related brain
egions and the prefrontal structures in regulating the presence and
bsence of framing effects. In particular, we predict that different
rain areas are involved in wax and wane of framing effects. Frontal
ortices are predicted to be more active when framing effects are
resent in large group contexts whereas affective processing brain
egions in the limbic system, such as the insula or amygdala, are
redicted to be more active when framing effects are absent in small
roup contexts.

Several key differences between the present fMRI study and the
e Martino et al. (2006) study of framing effects are worth men-

ioning. First, the choice problems used in our study were life-death
roblems similar to the Asian disease problem instead of monetary
ambles.

Second, in the study by De Martino et al. (2006), framing effect
nalysis was based on the contrast between the choices in accor-
ance with the framing effect and the choices against the framing
ffect. Such analysis may be improper if other factors other than
erbal framing could also result in similar changes in risk prefer-
nce. For instance, in some social contexts such as in small group
ontexts people tend to choose the gamble option in both the pos-
tive and negative frames (e.g., Wang, 1996a, 1996b, 2008; Wang
t al., 2001). In addition, this analysis may be improper considering
he possibility that a brain activation pattern may be evident even
efore a behavioral manifestation was observed. In other words,
he brain activation pattern of a participant in the positive framing
ondition may be different from that in the negative framing con-
ition although his or her risk preference did not reverse in the two
articular framing conditions. To avoid these potential problems,
e adopted a widely accepted practice in studies of framing effects

o directly compare data collected in the positive framing condi-
ion with data in the negative framing condition (Gonzalez, Dana,
oshino, & Just, 2005; Windmann et al., 2006).

Third, in the study by De Martino et al. (2006), the sure option
n each choice set was presented in words while the gamble option

as presented using a pie chart. To reduce possible noise due to the
se of different presentation formats, we presented both the sure
ption and the gamble option in words in each choice task. Since
he framing effect at issue is mainly a result of verbal manipula-
ion (framing or phrasing), verbal format is more likely to elicit the
ffect.

. Methods

.1. Participants

Twenty-two healthy right-handed [screened using the Edinburgh Handedness
nventory (Oldfield, 1971)] Chinese college students volunteered to participate in
his experiment. The participants include 8 males and 14 females with the mean age
f 21.7 years (ranged from 18 to 27 years, SD = 2.1 years). None of the participants
ad a history of neurological disorders, surgery, or serious physical illness. Written

nformed consent was obtained from all participants after a detailed explanation
f the study. The study protocol was approved by the ethics committee of Beijing
ormal University, China.

.2. Stimuli and experimental design

The experiment was divided into three parts: an instruction phase, a scanning
hase during which participants performed the task, and the debriefing phase. In
he instruction phase, the participants were familiarized with the framing tasks, and
erformed a number of practice trials on a laptop computer.

In the scanning phase, the participants completed 32 trials [16 large group size
roblems (600 endangered people); 16 small group size problems (6 endangered

eople)] Half of the choice problems were framed positively in terms of the expected
umber of lives saved while half of the problems were framed negatively in terms of
he expected number lives lost. These modified Asian disease (life-death) problems
ere presented in two scenarios: disease infection and terrorist kidnapping (i.e.,

600/6 people have been kidnapped by terrorists and all hostages will die if rescue
ere not carried out”) with four repetitions. So the 32 trials included 2 framing ver-
Positive 6 49 (28%) 127 (72%) No
Negative 6 34 (19%) 142 (81%)

Note: The total number of choices was 176 (22 participants × 8 life-death problems).

sions × 2 group size contexts × 2 scenarios of the life-death problem × 4 repetitions.
The probabilities of all live or all die in gamble options across all trials in our study
were constant as 1/3 or 2/3 respectively which was the same as the classic framing
effects by Tversky and Kahneman (1981).

The scanning phase lasted about 9 min. The choice problems were presented
randomly. The timeline for a single trial is presented in Fig. 1. In each trial, the
relative position of the sure or gamble options appearing on the left or right side of
the slide was counterbalanced.

In the debriefing phase, the participants were asked how they felt about the
experiment. The feedback indicated that all the participants had no problem under-
standing the choice questions or indicating their choice within the 6 s duration when
each choice slide was displayed. Each participant received 50 RMB (about US$ 7.3)
for participation.

2.3. Image acquisition

The scanning was performed on a 3T fMRI scanner (Siemens Magnetom Trio
with TIM) in the National Laboratory of Cognitive Neuroscience and Learning
at Beijing Normal University. Functional images were acquired using T2*-
weighted echo-planar imaging sequence (TR = 2000 ms, TE = 30 ms, flip angle = 90◦ ,
FOV = 200 mm × 200 mm, matrix = 64 × 64, number of slices for a whole brain = 30,
slice-thickness = 4 mm, gap = 0 mm, resolution = 3.1 mm × 3.1 mm × 4.0 mm). T1-
weighted anatomy images were acquired using SPGR sequence (TR = 2530 ms,
TE = 3.39 ms, flip angle = 7◦ , Matrix = 256 × 256, number of slices for a whole
brain = 128, slice-thickness = 1.33 mm, Resolution = 1.00 mm × 1.00 mm × 1.33 mm).
Participants’ heads were immobilized during the scanning sessions using a vacuum
pillow.

2.4. Data analysis

The imaging data were preprocessed and analyzed using SPM5 (Wellcome
Department of Cognitive Neurology, London). Image processing included: slice
scan time correction, head motion correction, spatial normalization to Montreal
Neurological Institute (MNI) space, and smoothing with an 8-mm full-width-at-
half-maximum Gaussian kernel. Events were modeled with a general linear model
time-locked with the onset of the options of modified Asian disease problems. A gen-
eral linear model was used to construct the multiple time series regression design
matrix. The image data were modeled using a canonical hemodynamic response
function (HRF). The time derivatives and head motion parameters were included
to account for extra variance in case the onsets were off by a little and to capture
residual movement related artifacts respectively.

Subject-level analyses were conducted by setting up contrasts between choices
in positive frames and choices in negative frames, irrespective of the choice of the
sure or gamble option. Then random effect analyses of the group were conducted
using the contrast images generated from each participant. Areas of significant
activation were identified at a threshold of uncorrected p value of 0.001 (cluster
threshold of 5 voxels). For region of interests (ROI) analysis, we calculated the per-
cent signal change in the regions of interests defined as 6-mm spheres around the
peak voxel of specific activated brain areas identified in the comparison between
the two framing conditions in random effect analysis. The percent signal changes
were calculated using MarsBaR 0.42 (http://marsbar.sourceforge.net).

3. Results

3.1. Behavioral results

As shown in Table 1, the overall choice data showed that
framing effects appeared in large group contexts (�2(1) = 6.179,
p = 0.013) but diminished in small group contexts with an over-
all risk-seeking preference in both positive and negative framing

2
conditions(� (1) = 3.547, p = 0.060). In large group contexts, the
participants were more risk seeking (preferring the gamble option)
under the negative framing (65%) than under the positive framing
(52%). The overall choice preference under the positive framing was
close to a 50–50 split between the sure option and gamble option,

http://marsbar.sourceforge.net/
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Fig. 1. Timeline for a single trial of life-death framing problems. The trial began with a cross ‘ + ’ presented for 2 or 4 or 6 s randomly. Then a modified Asian disease problem
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as presented for 6 s. At the end of each trial, sure and gamble options under either
articipant indicated his or her choice by pressing either the left or the right button
he sure thing or the gamble) on the screen.

nd thus was not risk averse. This might be related to a cultural
ifference where in Chinese samples framing effects become more
vident when the group size is even larger than 600 (see Wang,
996a, 1996b).

.2. fMRI results

The fMRI results indicated that in large group contexts, choice
utcomes phrased in the positive frame elicited greater activation
n the opercula part of the right inferior frontal cortex, which con-
ains the homologue of the Broca’s area compared with the brain
ctivation induced by the same problems framed negatively [see
ig. 2(b)]. As predicted, different brain areas were involved in the
resence and absence of framing effects. In contrast, when life-

eath problems were presented in a small group (6 people) context,
reater activations in insula and parietal lobe were found when
ubtracting brain activation under the negative framing from that
nder the positive framing [see Table 2 and Fig. 2(c)]. As shown in
ig. 2(c) and (e), the brain activation in the right insula was greater

able 2
rain activation by framing in large and small group contexts.

Area experimental condition Hemisphere Cluster size (vo

P600 minus N600
Inferior frontal gyrus Right 9
P6 minus N6
Insula Right 12
Parietal lobe Right 17
600 minus 6
Middle frontal gyrus Right 23

ote: p denotes positive frame, and N denotes negative frame. The number (600 or 6) rep
oordinates are used to map images. The activation under positive framing was larger th
he differences were all detected at the level of uncorrected p < 0.001.
ositive frame (A) or the negative frame (B) were presented for 6 s, during which the
response box corresponding to the relative position of the preferred option (either

under the positive framing than under the negative framing, even
though the behavioral framing effect was not significant. In addition
and unpredicted, small group contexts also activated the parietal
lobe [Fig. 2(c)].

Next, we examined the difference in brain activation patterns
as a function of social group context across the two framing
conditions. The large group context with 600 lives at stake acti-
vated more frontal cortical structure in the right hemisphere than
the small group context with 6 lives at stake [see Table 2 and
Fig. 2(a)].

As Fig. 2(d) shows, further regions of interests (ROI) analysis
indicated that for the large group size framing effect, the opercula
inferior frontal gyrus had a similar neural activity pattern con-
sistent with the observed framing effects. Choice of sure options

elicited greater activation in this region relative to choice of gam-
ble options in the positive framing condition [paired t (10) = 2.258,
p = 0.024, one tailed] whereas choice of gamble options had a
greater activation in the same region than sure options in the neg-
ative framing condition [t (10) = 2.793, p = 0.032]. Note that the

xels) Z max MNI coordinates

x y z

3.35 33 29 −8

3.61 33 −13 13
3.42 33 −31 52

3.70 24 32 −8

resents the number of people at stake. The Montreal Neurological Institute (MNI)
an that under negative framing condition in both 600 and 6 group size conditions.
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Fig. 2. Brain activations related to the group size and framing effects found in large/small group contexts using life-death problems. (a) Right middle frontal gyrus (MFG)
activation after subtracting the brain image in reaction to small group problems from the brain image in reaction to large group problems, across the framing conditions.
(b) Map of t statistic for the contrast between brain activations to positively framed problems and negatively framed problems in large group contexts. (c) Map of t statistic
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or the contrast between brain activations to positively framed problems and nega
ound. (d) Plots of percent signal changes in the right inferior frontal gyrus (IFG, 33,
raming conditions. Error bars indicate ±1 SEM. IFG = inferior frontal gyrus. (e) Plots
he sure and gamble options in the gain and loss framing conditions. Error bars ind

egrees of freedom were lowered due to the fact that some par-
icipants chose all the sure options or gamble options.

As Fig. 2(e) shows, in the small group contexts with 6 people at
take, choosing sure options elicited greater insula activation than
hoosing gamble options under the positive framing [t (9) = 2.085,
= 0.034]. However, no significant difference was found in insula
ctivation between choosing gamble options and sure options
nder the negative framing [t (5) = 0.840, p = 0.420].

. Discussion

The neural basis of framing effects has been explored in recent
ears (De Martino et al., 2006; Gonzalez et al., 2005; Windmann et
l., 2006). The present study extends this line of research to examine
ocial as well as verbal determinants of framing effects.

A common view of the framing effect is that it occurs as a result
f irrational emotional interference on rational cognitive process-
ng. Thus, amygdala activity involves negative emotional reactions
nd contributes to framing effects. In contrast, the activity of the
rbital and medial prefrontal cortex involves in cognitive control
nd reduces the susceptibility of framing effects (De Martino et al.,
006). However, previous studies relating to the neural basis of
raming effects neglected to explore the neural patterns of effect of
ocial contexts, particularly the group size cues, on framing effects.

n a recent review of the effects of animal group size on cognitive
rocessing, Croney and Newberry (2007) suggest that group size
as significant effects on animal’s abilities to develop either a con-
rete or abstract relationship. Wang (1996a, 1996b, 2008) found
he group size effect on framing effects and proposed an Ambiguity
framed problems in small group contexts while no behavioral framing effect was
8) corresponding to the choices of the sure and gamble options in the gain and loss
rcent signal change in the right insula (33, −13, 13) corresponding to the choices of
1 SEM.

and Ambivalence hypothesis to explain this kind of social context
effect. The behavioral results of the modified Asian Disease prob-
lems showed that framing effects appeared in large group life-death
domain but disappeared in small group life-death domain. This
result is consistent with previous research findings (Wang, 1996a,
1996b, 2008; Wang et al., 2001). Our fMRI data demonstrated that
positive (gain) frame elicited greater activation in the right oper-
cula inferior frontal gyrus when framing effects were evident in
large group contexts. In contrast, the framing of choice outcomes in
small group contexts although having no behavioral effect resulted
in a differential activation in the insula and parietal lobe in the
right hemisphere. Our results also revealed a neural basis for the
dynamics of the social group context-dependent framing effects.
The right middle frontal gyrus was highlighted in the comparison
between choices made in large group contexts and those in small
group contexts, irrespective of the framing conditions.

Overall, the results of the present fMRI study lend neural sup-
port to the Ambiguity and Ambivalence hypothesis (Wang, 2008).
Framing of choice outcomes as a secondary cue activates the brain
regions associated with verbal processing and cognitive control
while the size of a social group in question as a primary cue elic-
its more limbic activities. The brain activation data of the current
study showed distinctive patterns for large and small group size
cues, while the behavioral data showed that the framing effects

occurred only in the large group context.

These results are consistent with previous findings that animals
display higher behavioral control and greater tolerance to inequal-
ity in a large group but become more emotional and aggressive in
small group in response to inequality (Estevez et al., 2003; Pagel
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Dawkins, 1997). Brain imaging studies found that the inferior
rontal gyrus was related to verbal and phonological process-
ng (Greenlee et al., 2004; Nixon, Lazarova, Hodinott-Hill, Gough,

Passingham, 2004) and response inhibition (Aron, Fletcher,
ullmore, Sahakian, & Robbins, 2003; Aron, Robbins, & Poldrack,
004). The go/no-go task, which taps the ability to inhibit pre-
otent response tendency (for instance, stop pressing a button
hen a red signal appears), has consistently activated the lat-

ral prefrontal cortex, particularly the right inferior frontal gyrus
Aron et al., 2003; Asahi, Okamoto, Okada, Yamawaki, & Yokota,
004; Chikazoe, Konishi, Asari, Jimura, & Miyashita, 2007). Some
esearchers consider the right inferior cortex the most important
refrontal structure that exerts inhibition and cognitive control
ver subcortical structures of the brain (Aron et al., 2004). The
ame area is also implicated in risk aversion: higher risk aver-
ion is correlated with higher activity at the inferior frontal gyrus
Christopoulos, Tobler, Bossaerts, Dolan, & Schultz, 2009). Func-
ional disruption of activity of the right inferior frontal gyrus
eads to change in risk attitude with increased risk-seeking choices
Fecteau et al., 2007; Knoch et al., 2006). Together these findings
uggest that one of the functions of the right inferior frontal gyrus
s to exert self-control over risk-taking impulses.

In contrast to large group cues, a small group context signals
higher interdependence between group members and evokes
kith-and-kin rationality. Guided by this rationality, the respon-
ents in our study showed a live-or-die together risk preference
eflected in choosing gamble options under both the positive and
egative frames. From the perspective of a kith-and-kin rational-

ty, evolutionarily recurrent, primary cues such as small group size
ould activate more primary structures of the brain. The fMRI data

f the present study lends some neural support to this hypothe-
is, showing that the framing of choice outcomes, when presented
n a small group context, elicited more activities in the insula,
ut activated more frontal cortical structure (the opercula infe-
ior frontal cortex), when presented in a large group context. As
art of paralimbic cortex, the insula is indeed considered to be a
elatively older (primary) brain structure than the frontal cortex
e.g., Aleksandrov & Fedorova, 2003). The insula has been found
o be related to negative emotions, particularly disgust (Calder et
l., 2007; Hayes, Stevenson, & Coltheart, 2007; Wicker et al., 2003;
right, He, Shapira, Goodman, & Liu, 2004) and fear (Ploghaus et al.,

999; Schiller, Levy, Niv, LeDoux, & Phelps, 2008). In the context of
ife-death problems, insula activation may serve as a critical neural
ubstrate to instantiate aversive somatic markers that guide risk-
aking behaviors (Paulus, Rogalsky, Simmons, Feinstein, & Stein,
003).

Furthermore, framing effects found in large group contexts were
elated to the activation of the opercula part of the right inferior pre-
rontal cortex, which is a linguistic processing center (Falzi, Perrone,

Vignolo, 1982; Nixon et al., 2004), containing the homologue of
he Broca’s area. This correspondence between choice behavior and
ight prefrontal brain activity suggests that framing effects on risk
reference may be driven by a cognitive and linguistic process. The
OI analysis [Fig. 2(d)] has shown a clear correspondence between
he activation in the right inferior frontal gyrus and the observed
raming effects. Under the positive (gain) frame, making risk-averse
hoice of the sure option activated significantly stronger signal
eactions in this brain area than making risk-seeking choice of the
amble option. In contrast, this pattern was reversed under the neg-
tive (loss) frame, where risk-seeking choices activated stronger
rain reactions in the same ROI than risk-averse choices. Thus,

he prefrontal regions (particularly, the right inferior frontal gyrus)

ay play a facilitating rather than inhibiting role in producing the
ehavioral framing effects. This view stands in contrast to the argu-
ent that prefrontal areas inhibit decision biases (framing effects)

y De Martino et al. (2006). However, the difference in fMRI results
ia 48 (2010) 3198–3204 3203

between the two studies may be in part related to the difference
in the implemented choice tasks where monetary problems rather
than life-death problems were used in the De Martino et al. study.

Another brain region activated by the large group contexts
was the parietal lobe. According to some previous research the
parietal lobe was related to language and numeric computation
(Cohen, Dehaene, Chochon, Lehéricy, & Naccache, 2000; Menon,
Rivera, White, Glover, & Reiss, 2000) and episodic memory retrieval
(Wagner, Shannon, Kahn, & Buckner, 2005). These aformentioned
cognitive activities may contribute to the behavioral framing effects
observed in the life-death problems presented in large group
contexts.

A few caveats about the present study should be mentioned.
First, the group size cue and framing cue were not separated in
design. In future studies, group size effects can be studied using
balanced framing of choice outcomes (e.g., 200 people will be
saved and thus 400 people will die). Second, the present study only
explored the homogeneous group situations where group members
were either strangers or kin. In future studies, mixed (heteroge-
neous) group situations can be presented in the cover story where
a group at risk consists of both strangers and kin (or friends).

5. Conclusion

We found different neural patterns of framing effects across dif-
ferent group size contexts. Overall, large group cues, in contrast
to small group cues were associated with additional activation in
the middle frontal gyrus in the right hemisphere. The behavioral
framing effects observed in reaction to a life-death problem pre-
sented in a large group context were mainly related to differential
activations in the right inferior frontal cortex. This brain region
including the homologue of the Broca’s area may be involved in
implicit cognitive processing of linguistic cues that induces framing
effects. However, in a small group life-death context and when the
respondents were unambiguously risk seeking under both fram-
ing conditions, verbal framing of choice outcomes were related
to unilateral activation of the insula and parietal lobe in the right
hemisphere. This finding suggests an important role of negative
emotion in switching choice preference from an indecisive mode to
a more consistent risk-taking inclination. As proposed by Damasio
(1994) in his somatic marker hypothesis, risk cues activate somatic
markers and subsequent emotions and feelings to serve as a nec-
essary component in decision making. We suggest further that the
right inferior frontal gyrus and the insula both encode and react to
the framing of decision problems to relate verbal and social cues
to an anticipatory somatic state of “what it feels like” to be in a
given risky situation. Such feeling-based anticipation would make
it possible for the decision maker to react quickly and holistically
in a risky situation.
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