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Decisions are said to be ‘risky” when they are made in environments with
uncertainty caused by nature. By contrast, a decision is said to be ‘trusting’
when its outcome depends on the uncertain decisions of another person.
A rapidly expanding literature reveals economically important differences
between risky and trusting decisions, and further suggests these differen-
ces are due to ‘betrayal aversion’. While its neural foundations have not
been previously illuminated, the prevailing hypothesis is that betrayal aver-
sion stems from a desire to avoid negative emotions that arise from learning
one’s trust was betrayed. Here, we provide evidence from an fMRI study
that supports this hypothesis. In particular, our data indicate that the
anterior insula modulates trusting decisions that involve the possibility
of betrayal.

1. Introduction

Social interactions are a critical component of human lives, having a strong
impact on well-being and sense of achievement. Human interaction involves
uncertainty about the consequences of one’s own actions, and, in particular,
the way one’s actions impact other’s decisions. An especially important
example of this is trust [1]. It is well recognized that efficient economic inter-
actions often rely on trust, a decision that can have substantially negative
consequences for the trustor. However, many studies indicate that trust (invol-
ving strategic uncertainty) is behaviourally distinct from risk (involving state
uncertainty) [2-7]. In addition to research exploring the neural foundations
of trust [8-11] and risk [12-16], recent research explores how the brain dis-
tinguishes these two types of decisions [17-19]. Economically oriented trust
research has also influenced research outside economics and basic neuroscience.
For example, imaging work on trust environments has already had a major
impact on fields including medicine [20] in helping to build a better under-
standing of behavioural psychological phenomenon such as borderline
personality disorder [10], and other areas as well [21].

For instance, decisions made in environments that include strategic uncer-
tainty, particularly trust, are processed differently by the brain than decisions
made in risk environments that include only uncertainty about the outcome
of a random device. Decisions in the latter seem to involve relatively greater
posterior parietal cortex activation, while the decisions in the former seem to
recruit the lateral prefrontal cortex [12,22,23]. Furthermore, a recent study by
Lauharatanahirun et al. [24] traces differences in the source of uncertainty
(social rather than non-social risk) to changes in amygdala activity [25].
While this is no doubt part of the story, behavioural evidence suggests the
reason why the source of the uncertainty matters is probably the anticipated
aversive emotions connected to possible betrayal of one’s own trust by another
human. Thus, it seems that not only the source of the uncertainty (social or non-
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Figure 1. The experiment design.

social) but also how this uncertainty is resolved influences
our willingness to trust in others.

We adapted the approach of Aimone & Houser [6] to exam-
ine the neural correlates of betrayal aversion. We used a design
that allowed us to examine both within- and between-subject
effects of betrayal aversion. While undergoing fMRI, 30 inves-
tors made 82 binary trust decisions of various stake sizes
(figure 1). Investors chose either to trust or not to trust. Trusting
decisions led the endowment to be tripled and to an ultimate
pay-off determined by trustees’ decisions. Choosing not to
trust split the endowment evenly between the investor and
trustee. In particular, half (41) of the games were standard
trust games where a decision to trust resulted in a payment
based upon the investor’s counterpart’s decision to betray or
reciprocate trust (binary decision of an uneven or even split
of the tripled endowment). Betrayal aversion is known to
influence trust decisions in these games. The other half were
trust games where betrayal aversion could not influence
decision-making (following [5-7]) through the introduction
of a computer mediator.

The procedures governing our computer-mediated games
have a number of unique features that distinguish them
from many other ‘computer” treatments. First, in the compu-
ter-mediated treatment investors continue to have a human
counterpart, and in both environments trustees were paid
based on their own decisions when an investor chose to trust.
This feature ensures that altruism and other forms of payment
comparison motivations (particularly inequity aversion)
remain the same between treatments. Second, a decision to
trust in these games paid investors based upon a computer
mediator’s random draw from the pool of that experiment’s ses-
sion’s trustee decisions, instead of directly from one’s own
counterpart’s decision. By drawing from this pool of trustee
decisions (which includes one’s own counterpart’s decision),
the investor’s expectation-driven reference point remains
identical between treatments. The advantage to this is that
loss aversion cannot vary between treatments. Furthermore,
both social and monetary risks are constant between environ-
ments. The reason is that subjective expectations over the pool
of counterparts’ decisions must remain unchanged. Conse-
quently, social and monetary risk preferences cannot underlie
any between-treatment behavioural differences. Finally, as
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Figure 2. Frequency of trust by treatment and gender.

detailed by Aimone & Houser [6], computer mediation shields
investors from knowing their own counterpart’s betrayal
decision, so that betrayal aversion cannot impact decisions.

Previous studies suggest an important role of the insula in
the evaluation of trustworthiness and related behaviour [26].
Therefore, we hypothesized that insula activity might play an
important role in mediating betrayal aversion as a strong
motive in trust behaviour. Increased insular activity during
the decision to trust may be a signal for stronger aversive
emotions, which might lead to a tendency of people to avoid
these situations.

2. Results

As described by figure 2, significantly more trust was observed
when betrayal aversion does not influence decision-making
(62.76% with the computer mediator) compared with when it
does (49.43%; p < 0.01, two-tailed paired Wilcoxon). This
result is observed to be driven largely by the responsiveness
of males to the removal of betrayal aversion from the decision.
Men (half the sample) are seen increasing trust from 51.38%
when exposed to betrayal aversion to 71.22% when betrayal
aversion is removed (p < 0.01). Conversely, women are not
seen to have a significant reaction to the removal of betrayal
aversion from the environment, with trust only increasing
from 47.48% when exposed to their betrayal aversion to
54.31% when not exposed (p = 0.19).

For initial evidence on the neural correlates of betrayal aver-
sion, we compared the average blood-oxygen-level-dependent
(BOLD) activity when playing with a human counterpart
against playing with a computer mediator (figure 3). The
results revealed activity in the right anterior insular cortex
[40/22/3], as well as the medial frontal cortex [0/22/41] and
right dorsolateral prefrontal cortex [35/44/33]. The latter two
areas have, in previous studies, been implicated in emotion
regulation [27], while the former has often been found to indi-
cate heightened negative affective states [16,28]. This pattern is
consistent with the hypothesized heightened negative
emotions when in the human treatment, where investors are
exposed to betrayal aversion. The opposite contrast did not
show any significant activation.

When agents make the decision to trust, in contrast to
the safe option to not trust, we observed increased activity
in the right anterior insular cortex [41/8/3] and the mid-
anterior cingulate [-5/16/40] (figure 4a). The interaction
between the chosen option and the identity of the counterpart
again reveals significantly higher activity in the right anterior
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Figure 3. Brain areas displaying greater activation in the human than computer condition.
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Figure 4. (a) Brain areas displaying greater activation when trusting than
when not trusting (regardless of counterpart). (b) Level of insular activation
by condition and choice.

and posterior insular cortex [41/17/1; 33/-10/19] when the
subject decided to trust and the counterpart was a human
player in contrast to a computer player, providing further evi-
dence that the insula reflects the heightened negative state
associated with betrayal aversion (figure 4b). When choosing
the safe option in either treatment, there can be no betrayal.
This is reflected in our neural results as no significant differ-
ence for the safe option was observed between the human
and computer mediator.

In view of the significant behavioural differences, we split
the subjects into those who are betrayal-averse (BA) and
those who are non-betrayal-averse (NBA). The classification
was based on whether the individual trust rate difference
between the computer condition and the human condition
was significant. Of the 30 subjects in the study, eight were
significantly BA (7, p <0.05; 1, p <0.1). The BA subjects
showed greater insular activity than NBA subjects when
choosing the risky option while playing with a human
counterpart [42/17/1], and we see no significant neural
influence of gender.

These results are even more pronounced when using the
difference in the number of safe options chosen between

the human and computer mediated as a measure of the level
of betrayal aversion, rather than using binary definition of
betrayal aversion. As the level of betrayal aversion increases,
subjects show greater insular activity when choosing the risky
option while playing with a human counterpart than with a
computer mediator (p < 0.05, FWE) [49/11/-2].

3. Discussion

These findings are the first evidence on the neural foun-
dations of betrayal aversion. Insular activity is greater when
making decisions that may result in betrayal, resulting in
reduced willingness to participate in efficient social exchange.
Furthermore, our results indicate that highly BA individuals
display relatively greater insula activation when choosing to
trust than do their less BA counterparts. These results sup-
port the understanding of betrayal aversion as a desire to
avoid negative emotions associated with knowing one has
been betrayed. Furthermore, our results suggest emotion
regulation is the source of the behavioural gap between
trusting and risky decisions.

The insular has been shown to be involved in trust evalu-
ations. Winston et al. [26] showed that trustworthiness ratings
of unfamiliar faces were correlated to BOLD signal changes in
the anterior insula, which was interpreted as a marker for
changing bodily states owing to negative emotions elicited
by untrustworthy faces. A recent review underlines this
view by highlighting the importance of the insula in social
emotions [29]. In this and a previous paper [30], Singer and
colleagues propose a model of the insula which is not only
important for the evaluation of acute bodily states, but also
for the prediction of future states (i.e. the anticipation of
emotions [30] due, for example, to risky situations [15]).
These studies fit nicely with our results. Indeed, our data
could point to an aversive signal warning one to avoid
future negative emotions that would arise should one experi-
ence either betrayal of trust or unfair treatment by another.
Furthermore, recent results [31] showing betrayal aversion
is distinct from related concepts like risk aversion and anxiety
lend support to the view that the insular effects we are
observing are a distinct effect of betrayal aversion.

We identify increased activation in the anterior insula as a
key neuro-correlate of betrayal aversion. Our design and results
may be a step towards reconciling conflicting arguments
regarding the role of oxytocin in betrayal. In particular, some
have argued that oxytocin facilitates trust by reducing betrayal
aversion [17—-19], while others claim oxytocin modulates factors

‘[azg[oz :ng g 20§ ;H‘ ')wd‘ ‘ﬁm‘ﬁu!qs!|qhd/(‘1,a‘po<5|el(‘oi'qd§j H



that improve how people cope with betrayal aversion [32]. The
effect of oxytocin on insula activity seems to be context depen-
dent, leading to different effects on behaviour. Riem et al. [33]
have shown, for example that intranasal application of oxytocin
increases insula activity elicited by infant crying. This might be
related to increased responsiveness to the cries due to stronger
aversive emotions. Also, Baumgartner et al. [18] described
reduced insula activity after feedback in a trust game situation
after oxytocin administration in comparison with placebo. The
reduced insula activity in this context, together with decreased
activity in the amygdala and other areas, could lead to a
decrease in learning of betrayed trust and therefore less betrayal
aversion. It might be very useful to combine endocrinological,
pharmacological and imaging methods to further investigate
the interaction of oxytocin, betrayal aversion and trust.

Another very interesting aspect of our results is the differ-
ence between genders. In our sample, women seem to be less
affected by betrayal aversion than men. There might be many
underlying reasons for this, which are also found in various
other trust-related domains [34]. One very recent study
showed that women with a history of substance abuse showed
a decreased insula volume compared with men [35]. Strong evi-
dence also exists for differential gender effects of oxytocin in
animals as well as humans. This may at least partly explain
differences in betrayal aversion between genders [36,37].
Future investigations of these gender differences may be fruitful.

The neural underpinnings of betrayal aversion we have
uncovered imply that institutions that allow people to avoid
knowing they have been betrayed should hold an advantage
over those that do not. In particular, institutions that shield one
from knowing they have been betrayed would be expected to
reduce the level of unpleasant arousal associated with the
decision-making process. This could be especially important in
environments characterized by social dilemmas [38,39], and
may also explain the widespread use of impersonal, institution-
mediated exchange systems [7]. In particular, these institutions
may be a response to the preference to trade in environments
that mitigate negative emotions related to betrayal.

Impersonal and anonymous communication via the Inter-
net, used for economic and social interaction with increasing
regularity, might also mitigate adverse effects of betrayal
aversion. At the same time, anonymous online interactions
can carry significant risks [5]. Developing a better under-
standing of the economic costs and benefits of anonymous
online interaction may be an especially profitable direction
for future research [40,41].

4, Material and methods
(a) Subjects

Sixty participants were recruited, half of them at the Interdisciplin-
ary Center for Economic Science at the George Mason University
in Arlington, Virginia, USA. They made their decisions at a com-
puter terminal. The other 30 participants (15 males and 15
females) were recruited at the University of Bonn (Germany)
and made their decisions in an fMRI scanner. Their age ranged
from 18 to 40 years with a mean of 25.2 and a standard deviation
of 3.78 years. All participants were healthy and had no neurologi-
cal or psychiatric diseases. All subjects were right-handed
according to the Edinburgh Handedness Scale and provided
written informed consent before the study. Prior to the task,
participants were given written instructions about the experi-
ment and two questionnaires—the Machiavellianism IV scale

(Mach-1V) and the Consideration of Future Consequences (CFC). n

Two subjects had to be excluded from the neural analysis because
they chose the same option on every trial.

(b) Task

Subjects performed 82 trials of a one-shot binary trust game
described in figure 1, previously shown by Aimone & Houser
[5-7] to capture betrayal aversion. The software PRESENTATION
(Neurobehavioural Systems, San Francisco, CA) was used for
stimulus presentation. For each trial, three different screens
were shown, the first one with information about the counterpart
and the different amounts of money both the investor and trustee
could earn (option-screen), the second with the decision-screen
showing which button subjects had to push for which option.
A fixation-screen followed. Participants in Bonn played 82
rounds in the investor role; participants in Arlington played
41 rounds in the trustee role. Participants in Bonn (in Room A)
were first told that they were playing with a human counterpart
in another room (Room B) who had previously made their
decisions and were awaiting the Room A player’s decisions.
The trustees” decisions had been elicited before in Arlington.
The trustees’ decisions were matched during the experiment
with answers of the investors in Bonn. The results contained
decisions for 41 rounds which were used for the 41 human
trials in Bonn. For the other 41 trials, investor subjects were
informed that the trustee decisions would be randomly drawn
(without replacement) by a computer from the actual human
choices made by the Room A counterparts. There were 41 differ-
ent endowment pay-off amounts shown on the screen, appearing
in both environments, which ranged from 3 EUR to 7 EUR in
steps of 0.10 EUR. Before the experiment, participants received
written instructions describing the different options the investors
could choose. They also received the instructions of their counter-
parts in Arlington. In addition, investors had to draw lots for the
number of the trustee whom they played with. In the scanner,
they completed two sample trials to ensure comprehension of
the instructions. To choose between the two options, participants
got response grips (Nordic Neurolab, Bergen, Norway) with two
buttons for every hand. At the end of the experiment, partici-
pants (in both Arlington and Bonn) were paid according to
their decision in one randomly chosen trial from the 82 Room
A decisions. Ten EUR (seven US Dollars) were additionally
paid in Bonn (Arlington) for participating in the experiment as
show-up fee.

(c) fMRI data acquisition

Scanning was performed on a 3.0 T Trio Scanner (Siemens) using
a standard 8-channel head coil. Slices were in axial orientation in
line with the AC-PC direction and covered all of the brain,
including the midbrain. T2*-weighted echo planar images with
a time to repeat (TR) of 2500 ms and a time to echo (TE) of
45 ms were acquired. Images were taken of slices of the brain
with a thickness of 3 mm, and a 64 x 64 matrix was used. The
resulting scanning time was approximately 25min with a
number of approximately 400 scans.

(d) fMRI data preprocessing

Analysis of the fMRI data were performed by using statistical
parametric mapping (SPM v. 8; www.fil.ion.ucl.ac.uk). For pre-
processing, the functional images were realigned to the first
image of the first session of each time series and again realigned
to the mean image after first realignment. Images were then slice-
time corrected, normalized to the canonical EPI template used
in SPM8 and smoothed with an 8 mm Gaussian kernel. After
normalization images were resampled to a voxel size of 3 x
3 x 3 mm.
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(e) fMRI model

For first-level analysis, one general linear model was designed
for every subject with the factors counterpart (with two levels:
human and computer) and options (also with two levels:
Option 1 and Option 2). For the second-level analysis, a full fac-
torial model was created. In this way, differences in brain activity
in the two environments and for the two options could be ident-
ified. Regions were anatomically identified using the WFU
Pickatlas (Functional MRI Laboratory at the Wake Forest Univer-
sity School of Medicine, NC). For further analysis, subjects were
divided into different groups: (i) male/female, and (ii) BA/NBA

to investigate differences in the brain activity between gender
and participants that showed BA behaviour or not.
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