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a b s t r a c t

Reciprocal trust is a crucial component of cooperative, mutually beneficial social relationships. Previous
research using tasks that require judging and developing interpersonal trust has suggested that the
insula may be an important brain region underlying these processes (King-Casas et al., 2008). Here, using
a neuropsychological approach, we investigated the role of the insula in reciprocal trust during the Trust
Game (TG), an interpersonal economic exchange. Consistent with previous research, we found that
neurologically normal adults reciprocate trust in kind, i.e., they increase trust in response to increases
from their partners, and decrease trust in response to decreases. In contrast, individuals with damage to
the insula displayed abnormal expressions of trust. Specifically, these individuals behaved benevolently
(expressing misplaced trust) when playing the role of investor, and malevolently (violating their part-
ner's trust) when playing the role of the trustee. Our findings lend further support to the idea that the
insula is important for expressing normal interpersonal trust, perhaps because the insula helps to re-
cognize risk during decision-making and to identify social norm violations.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The ability to form cooperative, mutually beneficial relation-
ships with others is an integral part of human life. Establishing
reciprocal relationships can improve an individual's success in
their career, family, and social life. Moreover, overall quality of life
can be greatly affected by one's ability to work cooperatively with
others. To establish cooperative relationships, individuals engage
in repeated interactions with one another. Through these inter-
actions they develop an understanding of whether their partner is
trustworthy, which informs further interactions. A partner who
reciprocates one's trust can be trusted in the future. However, an
inability to reciprocate appropriately can result in adverse out-
comes. For example, if an individual trusts an untrustworthy
partner, that individual might get exploited. Conversely, if they do
not trust a trustworthy partner, they may jeopardize a potentially
beneficial relationship.

Successfully engaging in these types of interpersonal exchanges
involves many social and emotional processes. During inter-
personal exchanges, individuals often must accept rejection,
celebrate success, judge the trustworthiness of others, and assess
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whether their behaviors violate social norms. A brain region that
has been strongly implicated in these types of processes is the
insular cortex (insula). Insula activity is associated with processes
ranging from risk tracking (Preuschoff et al., 2008) to social
emotions (Singer et al., 2006) to judgments of trustworthiness
(King-Casas et al., 2008; Todorov et al., 2008; Winston et al., 2002).
Here, we aim to elucidate the role of the insula in the process of
interpersonal trust by studying individuals with damage to this
area.

Historically, the insula has been considered an important
structure for negatively-valenced emotional states, including pain
(Ostrowsky et al., 2002), distress (Kross et al., 2007), and disgust
(Phillips et al., 1997). However, the insula is also involved in
emotions and feelings of both positive and negative valence (A.
Damasio et al., 2000). For example, individuals with insula lesions
show reduced arousal in response to both unpleasant and pleasant
visual stimuli, suggesting a role for the insula in affective processes
regardless of valence (Berntson et al., 2011). Additionally, the in-
sula is important for social emotions (for a review see Lamm and
Singer, 2010), including empathy (Singer et al., 2006) and social
rejection (Eisenberger et al., 2003). In line with its involvement in
social emotions, the insula is also important for social evaluations.
For example, increased insula activation is observed in response to
viewing untrustworthy faces (Todorov et al., 2008; Winston et al.,
2002). However, increased insula activation is also observed in
response to faces of individuals who performed cooperatively in a
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partnered game (Singer et al., 2004). These findings may point to a
general role of the insula in interpersonal trust and distrust, re-
gardless of the direction of this value.

An additional way the insula processes emotions is through its
involvement in interoception and perception of feeling states
(Craig, 2002). Conscious experience of interoception can influence
decision-making (Bechara and Damasio, 2005; Damasio, 1996).
Notably, individuals with damage to the insula show abnormal
decision-making under uncertainty and risk (Bar-On et al., 2003;
Clark et al., 2008). These findings support a critical role for the
insula, and the emotional processes it supports, in decision-
making.

Consistent with the idea that emotions influence decision-
making, it is no surprise that insula activity is implicated in many
types of decision-making tasks. Functional neuroimaging research
indicates insula involvement in economic decision-making tasks
including the Prisoner's Dilemma (Singer et al., 2004), the Ulti-
matum Game (Sanfey et al., 2003), the Cups Task (Xue et al., 2010),
and the Iowa Gambling Task (d'Acremont et al., 2009; Krawitz
et al., 2010). The results from these studies suggest that the insula
is involved in risk, risk prediction error (Bossaerts, 2010; Pre-
uschoff et al., 2008), and uncertainty (Critchley et al., 2001). Si-
milarly, in nonhuman primates (Macaca mulatta), the insula en-
codes expectations of rewards (Mizuhiki et al., 2012).

Given the involvement of the insula in emotions, social judg-
ments, and economic decision-making, we expect that the insula
will also play a critical role in tasks that integrate these processes,
such as decision-making during a social exchange. The Trust Game
(TG) is an economic decision-making task that incorporates a so-
cial aspect. The TG is an economic exchange between two players:
one player invests their money with another player, and the other
player can choose to reciprocate this investment. The amount of
money earned by one player is partially dependent upon the re-
ciprocation from the other player. Therefore, by deciding how to
reciprocate their investments, players can exhibit trust and/or
distrust in their partners. Mutual trust between the two players
results in successful economic exchanges (increased profits) for
both parties, whereas misplaced trust or distrust results in un-
successful exchanges. The TG involves multiple aspects of deci-
sion-making typically associated with the insula, including
Fig. 1. Lesion overlap map of individuals with insula lesions (orange) and brain-damag
region. The three panels in the bottom right of the image depict peri- and mid-sagitta
convention, with the left hemisphere on the right. The color bars indicate maximum les
yellow for INS; dark blue to light blue for BDC). Maximum overlap (n¼5) in the INS group
in the right occipital cortex.
assessments of risk, uncertainty, and appropriate social behavior.
Insula activity is often found during the TG. Using a multi-

round, multiplayer version of the TG, King-Casas et al. (2008)
observed insula activation when participants both received and
paid small (as opposed to large) investments. They concluded that
the insula responds to violations of social norms, i.e., small in-
vestments, during these interpersonal exchanges. Using a one-shot
version of the TG, van den Bos et al. (2009) found greater insula
activation when players received small investments from their
partners, but chose to reciprocate (as opposed to defect), which
suggests that insula activity represents social norm violations.
Consistent with the involvement of the insula in interoception,
increased insula activation has been observed during TG perfor-
mance when subjects were physically cold, compared to warm
(Kang et al., 2011). However, other neuroimaging studies of TG
behavior have not found insula activation (King-Casas et al., 2005;
Krueger et al., 2007).

In the current study, we sought to investigate the role of the
insula for normal performance on the TG by studying individuals
with lesions to this structure. We used a multi-round, multiplayer
Trust Game (TG) to investigate the performance of individuals
with lesions to the insula, and contrasted their behavior to that of
individuals with lesions outside the insula (brain damaged com-
parison participants) and individuals with no lesions (healthy
comparison participants). We predicted that damage to the insula
would be associated with abnormal behavior, i.e., misplaced trust
and distrust, on the TG.
2. Method

2.1. Participants

Participants were grouped based on lesion location and in-
cluded individuals with damage to the insula (INS; N¼11, 7 left
hemisphere, 4 right hemisphere; 7 men, 4 women; see Fig. 1),
brain-damaged comparison participants with focal brain damage
outside the insula (and also excluding the amygdala and medial
prefrontal cortex, given the potential importance of these struc-
tures for TG performance) (BDC; N¼15, 9 left hemisphere, 5 right
ed comparison participants (blue). Panels a–k depict axial cuts through the insula
l views illustrating the planes of the axial cuts. Images are shown in radiological
ion overlap, with “hotter” colors representing higher numbers of overlap (orange to
is located in the left anterior insula. Max overlap in the BDC group (n¼4) is located



Table 1
There are no significant differences between groups on any demographic variables.
Values are means (SDs). Handedness: R¼right-handed, L¼ left-handed; FSIQ¼Full
Scale Intelligence Quotient. Lesion size is proportion of the entire brain.

Demographics Group

INS (n¼11) BDC (n¼15) NC (n¼31)

Age (years) 61.1 (7.6) 54.9 (16.1) 56.5 (16.8)
Handedness 9 R, 2 L 12 R, 3 L 31 R, 0 L
Sex 4 F, 7 M 10 F, 5 M 14 F, 17 M
Education (years) 14.9 (3.1) 15.1 (2.7) 15.7 (2.4)
FSIQ 104.4 (11.1) 105.6 (13.6) 112.3 (8.9)
Chronicity (years) 13.1 (15.5) 10.0 (6.5) –

Lesion size 0.03 (0.03) 0.02 (0.02) –

Table 2
Participant groups did not differ significantly on any of the neuropsychological
measures. WAIS, Wechsler Adult Intelligence Scale scores (VIQ, Visual IQ; PIQ,
Performance IQ); BDI-II, Beck Depression Inventory-II; BAI, Beck Anxiety Inventory;
AVLT-5, Trial 5 of the Auditory–Verbal Learning Test scores (raw score #/15, an
index of verbal learning); WCST, Wisconsin Card Sorting Test Categories completed
(#/6, an index of reasoning and concept formation); FRT, Benton Facial Dis-
crimination Test (raw score #/54, an index of visual perception); COWA, Controlled
Oral Word Association Test (raw score, an index of verbal fluency); BNT, Boston
Naming Test (raw score #/60, an index of confrontation naming).

Neuropsychology Group

INS BDC

WAIS-PIQ (SD) 104.6 (14.7) 104.8 (9.7)
WAIS-VIQ (SD) 105.3 (15.8) 106.5 (19.3)
BDI-II (SD) 6.1 (3.0) 4.3 (3.1)
BAI (SD) 3.8 (3.2) 3.7 (2.9)
AVLT-5 (SD) 13.1 (2.3) 14.3 (0.8)
WCST (SD) 5.2 (1.9) 5.4 (1.2)
Facial Disc. (SD) 46.4 (4.5) 47.6 (3.8)
COWA (SD) 33.8 (11.0) 40.4 (14.4)
BNT (SD) 52.3 (9.6) 55.7 (3.4)
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hemisphere, 1 bilateral; 5 men, 10 women; see Fig. 1), and neu-
rologically normal comparison participants (NC; N¼31, 17 men, 14
women). Brain-damaged participants were recruited from the
Patient Registry of the Division of Behavioral Neurology and Cog-
nitive Neuroscience of the Department of Neurology at the Uni-
versity of Iowa. NCs were recruited through local advertisements.
Participants were screened to ensure that none had general in-
tellectual impairment (as determined by Wechsler Adult In-
telligence Scale; Wechsler, 2008). Full-scale IQ (FSIQ) in the NC
group was estimated using the Wechsler Test of Adult Reading
(Wechsler, 2001). Although the NC group has a modestly higher
FSIQ numerically, there were no significant differences between
groups on demographic attributes, including age [F(2, 54)¼0.47,
p¼0.62], education [F(2, 54)¼0.54, p¼0.58], and FSIQ [F(2, 43)¼
2.42, p¼0.10] (Table 1).

Brain-damaged participants have been extensively character-
ized both neuroanatomically and neuropsychologically under the
standard protocols of the Benton Neuropsychology Laboratory and
the Laboratory of Brain Imaging and Cognitive Neuroscience
(Tranel, 2007). As noted, individuals with damage to the amygdala
were excluded, as damage to this region may affect performance
on the trust game (Koscik and Tranel, 2011). Additionally, in-
dividuals were excluded if they scored above cutoff levels for mild
depression using the Beck Depression Inventory-II (13). Lesion
etiologies differed slightly between groups. For the INS group, all
individuals had lesions due to stroke. For the BDC group, the
etiologies were: stroke (n¼12), benign tumor (meningioma) re-
section (n¼2), and resection for medically-intractable epilepsy
(n¼1). The INS and BDC groups did not significantly differ in le-
sion chronicity, [t(12.60)¼0.62, p¼0.54], or on most neu-
ropsychological variables, including Performance IQ [t(23)¼�
0.45, p¼0.96], Verbal IQ [t(22)¼�0.16, p¼0.87], Beck Anxiety
Inventory [t(14)¼0.05, p¼0.96], Beck Depression Inventory-II [t
(24)¼1.49, p¼0.14], Rey Auditory–Verbal Learning Test 30-min
recognition [t(10.62)¼�1.83, p¼0.13], Wisconsin Card Sorting
Task number of categories completed [t(21)¼�0.30, p¼0.76],
Facial Discrimination Test [t(22)¼�0.63, p¼0.50], Controlled Oral
Word Association Test [t(23)¼�1.25, p¼0.22], and Boston Nam-
ing Test [t(12.05)¼�1.20, p¼0.29] (Table 2). All participants
provided informed consent before participating in the experiment,
following the protocol of the University of Iowa Institutional Re-
view Board.

2.2. Lesion analysis

Neuroanatomical analysis was based on MR or CT images ob-
tained in the chronic epoch of recovery. Each lesion was re-
constructed using Brainvox (Frank et al., 1997) and manually
warped to a normal template brain using the MAP-3 technique
(Damasio et al., 2004; Fiez et al., 2000). After manual transfer to
the normal template space, the template brain was warped to the
MNI152 standard 1 mm T1-weighted atlas (Collins et al., 1994;
Evans et al., 1991; Mazziotta et al., 2001) using BRAINSDe-
monWarp (Johnson and Zhao, 2009). This transform, from the
lesion template to the MNI152 template, was then applied to each
of the lesion maps. Lesion maps were then used to create overlap
maps, calculated by the sum of n lesions overlapping at any single
voxel. In addition to manual selection of participants with focal
insula damage from the Iowa Patient Registry, we included only
those participants with at least 5% of this structure damaged in our
insula-damaged group. This criterion reduces the likelihood that
participants have lesions that only peripherally include the insula
while ensuring that even small but focal insular lesions are in-
cluded, given the nature of naturally occurring lesions that do not
respect functional or neuroanatomical boundaries (see Gaznick
et al., 2014; Koscik and Tranel, 2012, 2013).

2.3. Procedure

Participants completed a multi-round, multiplayer version of
the Trust Game (TG; King-Casas et al., 2005; Koscik and Tranel,
2011). In the TG, one player is the “Investor” and another player is
the “Trustee.” At the beginning of each round, the Investor is given
$20. The Investor decides how much of that $20 to keep and how
much to give to the Trustee, in whole dollar amounts. The amount
the Investor gives to the Trustee is then tripled. The Trustee is then
given the same choice. They decide how much of the received
money to keep and how much to return to the Investor. The In-
vestor is informed of the Trustee's decision and a new round be-
gins by the Investor receiving another $20 to divide.

Participants first played the role of Trustee for 20 rounds and
then played the role of the Investor for 20 rounds. Between roles,
the participants were told that they would “switch roles with the
other player.” All participants played against a computer-simu-
lated opponent. During the instructions and the game, the oppo-
nent was always referred to as the “other player.” If the participant
inquired about the other player's identity they were told that they
would be informed of their identity once the task was completed.
All participants played against the same simulated opponent – this
opponent responded dynamically in a “Tit-for-Tat” manner to the
behavior of the participant (for more details on how this simulated
opponent responds, see Koscik and Tranel, 2011).

In the first version, when the participant was the Trustee, the
participant saw a text description of how much the Investor had
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given to them and how much it became after it tripled. The par-
ticipant also saw how much money was retained by the investor.
Then, the participant decided how much to return to the Investor.
Participants selected how much to return to the Investor by sliding
a horizontal scroll bar from left to right. The default position at the
far left signified keeping all of the money; the further the parti-
cipant scrolled the bar to the right, the more money they gave to
the investor. On the screen at all times was a running tally for both
the total amounts earned by the Investor and Trustee, and the
amount of the previous investment and previous return.

In the second version, when the participant was the Investor,
the participant was first given $20 and asked to decide how much
to give to the Trustee. This decision was made using a horizontal
slider similar to the one used in the role of Trustee. The participant
received feedback on how much they gave and the amount when
it was tripled, and then waited for the Trustee to decide how much
to return (�6 s). The participant was then informed howmuch the
Trustee returned to them and the next round began. The TG was
implemented in MATLAB (r2007b, The Mathworks) and displayed
on a 17 in. LCD monitor. All responses were made via mouse using
the participant's preferred hand.

Following completion of both versions of the TG, participants
answered a short questionnaire to assess their opinions and per-
ceptions of the other player. Participants responded to six queries
using a visual analog scale. The scales were each presented as a
continuum with one anchor on each side. There were a total of six
scales, consisting of the following ratings: greedy vs. generous,
scrooge-like vs. saint-like, human-like vs. computer-like, trusting
vs. distrusting, fair vs. unfair, and quick vs. slow. Values were
calculated as the proportion of the length of the line where the
participant indicated their marker. For example, a rating falling at
the center between human-like and computer-like would be
scored as 0.5.

2.4. Measures

Based on previous literature (Koscik and Tranel, 2011) we are
using two dependent variables of interest: Investor Reciprocity
and Trustee Reciprocity. These measures capture the amount of
change in one player's response in response to the amount of
change in the other player's response. “Investor Reciprocity” is the
amount of money the investor changed their investment based on
the change in the amount the trustee returned to them. “Trustee
Reciprocity” is the change in the Trustee's return in response to
the amount the investor changed their investment. As in previous
literature (Koscik and Tranel, 2011), we classify reciprocity stra-
tegies into four groups: (1) Tit-for-tat reciprocity is when the par-
ticipant's change in money sent to the other player mirrors the
changes in the amount sent from the other player. (2) Benevolent
reciprocity is when the participant increases the amount of money
sent in response to a decrease or no change in the amount sent
from the other player. (3) Ambivalent reciprocity is when the par-
ticipant does not change the amount of money sent despite
changes in the amount sent from the other player. (4) Malevolent
reciprocity is when the participant decreases the amount of money
sent in response to an increase or no change in the amount sent
from the other player.

A tit-for-tat strategy is the most common reciprocity strategy
used by normal, healthy adults (King-Casas et al., 2005; Koscik and
Tranel, 2011). This strategy exemplifies mutual trust or distrust.
That is, when a player increases the amount they send and the
other player increases the amount they return (mutual trust), or
when a player decreases the amount they send and the other
player decreases the amount they return (mutual distrust), they
are exhibiting a tit-for-tat strategy. The other strategies (bene-
volent, ambivalent, and malevolent) exemplify inappropriate trust.
A benevolent strategy signifies inappropriately high trusting of the
other player, while a malevolent strategy signifies inappropriately
high distrust of the other player.

Participants typically do not use the same reciprocity strategy
for every trial. Instead, the type of strategy used varies throughout
the task. For example, an individual may behave benevolently on
one trial and tit-for-tat on a subsequent trial. We computed the
frequency of use for each strategy, expressed as a percentage of the
total number of trials when the participant was both an investor
and a trustee.

In addition to our main variables of interest, we calculated the
total amount earned by the participant and by their computer
player for both trustee and investor roles. We calculated the
growth rate of trust over the course of the game as the average
change in investment amount between adjacent trials. However,
we would not necessarily anticipate group differences in total
earnings, as the computer was programmed to minimize differ-
ences in earnings between the participants and the simulated
computer player, to reduce the impact of this as a driving force in
participants’ decision-making.

2.5. Statistical analyses

Demographic variables were compared between all groups
using one-way ANOVAs. Neuropsychological variables were com-
pared between the INS and BDC groups using independent sam-
ples t-tests, Bonferroni-corrected for multiple comparisons. Re-
ciprocity strategy was analyzed using two separate three-by-four
mixed-ANOVAs with reciprocity strategy as a within-subjects
variable and group membership as a between-subjects variable.
Separate ANOVAs were performed for Investor Reciprocity and
Trustee Reciprocity.
3. Results

In response to our manipulation check, there were no group
differences in terms of how greedy/generous [F(2, 35)¼0.76,
p¼0.47], scrooge-like/saint-like [F(2, 33)¼0.21, p¼0.80], human-
like/computer-like [F(2, 32)¼1.11, p¼0.34], trusting/distrusting [F
(2, 33)¼0.60, p¼0.55], fair/unfair [F(2, 34)¼0.32, p¼0.72], or
quick/slow [F(2, 33)¼0.07, p¼0.92] the other player was. Partici-
pants tended to rate the other player as falling near the center of
the continuum ranging between the two anchors (all group means
between 0.40 and 0.61).

There were no differences between groups in the total earnings
for themselves in the trustee [F(2, 54)¼1.28, p¼0.28] or investor
role [F(2, 54)¼1.53, p¼0.22]. There were also no group differences
in total earnings for the computer during the trustee [F(2, 54)¼
1.01, p¼0.36] or the investor role [F(2, 54)¼2.69, p¼0.07], al-
though there was a trend-level effect for the BDC group’s com-
puter partner to have greater earnings than the NC and INS groups.
In addition, there were no group differences in growth rate of trust
in the role of trustee [F(2, 54)¼0.32, p¼0.72] or investor [F(2,
54)¼1.61, p¼0.20].

For Investor Reciprocity, a 3�4 mixed ANOVA with Reciprocity
Strategy as a within-subjects variable and Group as a between-
subjects variable revealed a significant group by reciprocity
strategy interaction, [F(6,162)¼2.19, p¼0.04, ηp2¼0.07] (Fig. 2). To
follow-up on this interaction, we conducted post-hoc tests of
simple main effects to investigate pairwise comparisons between
the three groups. The INS group reciprocated benevolently a sig-
nificantly greater proportion of trials (M¼0.32, 95% CI: [0.27,
0.38]) than the NC group (M¼0.22, 95% CI: [0.19, 0.25]), p¼0.004.
There was no significant difference between the INS group and the
BDC group (M¼0.26, 95% CI: [0.21, 0.31]), p¼0.12. The NC group



Fig. 2. Proportion of turns spent in each reciprocity strategy for investor re-
ciprocity. The INS group used significantly more benevolent and less tit-for-tat than
the NC group. Error bars are 95% confidence intervals.

Table 3
Correlations between amount of insula damage and reciprocity strategies.

Investor Trustee

r-Value p-Value r-Value p-Value

Tit-for-tat �0.233 0.15 �0.23 0.14
Benevolent �0.13 0.48 0.12 0.46
Ambivalent 0.06 0.70 �0.08 0.59
Malevolent �0.03 0.81 0.38 0.01
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performed significantly more in a tit-for-tat reciprocity strategy
(M¼0.36, 95% CI: [0.31, 0.40]) than the INS group (M¼0.23, 95%
CI: [0.14, 0.31], p¼0.01). Although the NC group did not perform
significantly different than the BDC group, there was a trend to-
wards the NC group performing more frequently in a tit-for-tat
manner than the BDC group (M¼0.28, 95% CI: [0.21, 0.35]),
p¼0.07. There were no other significant differences between
groups for reciprocity strategies.

For trustee reciprocity, a 3�4 mixed ANOVA with reciprocity
strategy as a within-subjects variable and group as a between-
subjects variable revealed no significant group by reciprocity
strategy interaction, F(6,168)¼1.12, p¼0.33, ηp2¼0.04 (Fig. 3). Al-
though there was not a significant interaction at the group-level,
we conducted post hoc tests to investigate any differences be-
tween groups. Post-hoc tests of simple main effects revealed at the
trend level that the INS group tended to perform more malevo-
lently (M¼0.27, 95% CI: [0.20, 0.33]) than the BDC group (M¼0.19,
95% CI: [0.14, 0.24]), p¼0.06. There were no other significant or
trend-level differences between groups for trustee reciprocity.

To further investigate the relationship between damage to the
insula and performance on the TG, we ran correlations between
the proportion of insula damage and all reciprocity strategies for
both trustee and investor reciprocity. Amount of insula damage
was positively correlated with malevolent reciprocity style during
the role of trustee (r¼0.38, p¼0.01). Table 3 displays correlations
between amount of insula damage and all reciprocity strategies.

Additionally, we were interested in examining the effects of sex
on performance strategies. First, we divided the participants into
two groups based on sex (irrespective of brain injury status). We
then performed two 2�4 mixed ANOVAs with reciprocity strategy
as a within-subjects variable and sex as a between-subjects vari-
able. There was no significant interaction between sex and
Fig. 3. Proportion of turns spent in each reciprocity strategy for trustee reciprocity.
The INS group was significantly more benevolent and less tit-for-tat than the NC
group. Error bars are 95% confidence intervals.
reciprocity strategy for investor reciprocity [F(3, 165)¼2.40,
p¼0.06, ηp2¼0.04]. Post-hoc tests of simple main effects revealed
that women performed significantly more malevolently (M¼0.25,
95% CI:[0.21, 0.28]) than men (M¼0.19, 95% CI: [0.15, 0.22],
p¼0.04). To follow up on this analysis, we performed a 2�2�4
mixed ANOVA including reciprocity strategy as a within-subjects
variable and lesion group membership and sex as between-sub-
jects variables. There was no significant interaction between lesion
group, sex, and reciprocity strategy [F(6, 153)¼0.60, p¼0.72,
ηp2¼0.01]. There was no significant interaction between sex and
reciprocity strategy for trustee reciprocity [F(3, 165)¼0.79,
p¼0.49, ηp2¼0.02]. We then performed these same analyses
looking at brain lesion laterality, by dividing the groups into those
with left hemisphere lesions and those with right hemisphere
lesions. There was no significant interaction between lesion side
and reciprocity strategy for investor reciprocity [F(6, 69)¼0.82,
p¼0.55], ηp2¼0.06. There was also no significant interaction be-
tween lesion side and reciprocity strategy for trustee reciprocity [F
(6, 69)¼1.60, p¼0.16, ηp2¼0.12].

In light of these results, it was of interest to determine whether
there were real-world correlates of impaired social decision-
making in the INS group. Our patients have been well character-
ized on various neuropsychological measures, and from this da-
taset we identified a measure that captures changes in real-world
behaviors after brain injury. The Iowa Scales of Personality Change
(ISPC; Barrash et al., 2011) assesses personality changes that occur
after brain injury. One scale included in the ISPC is “Social In-
appropriateness,” which measures the extent to which the in-
dividual “might not act properly in social settings.” Impaired
judgments of social norms might be associated with abnormal
behavior on the trust game, making this scale particularly relevant
to the current investigation. We found that individuals in the INS
group (M¼3.75, SD¼2.4) were rated as significantly higher on this
dimension than individuals in the BDC group (M¼1.14, SD¼0.37),
t(7.38)¼2.98, p¼0.01. Anecdotally, one patient’s spouse reported
“increased anger, road rage” and “decreased personal grooming,”
following brain injury, which may indicate impaired assessments
of and compliance with social norms. Another patient's spouse
reported that the patient had “become clingy, always wants [them]
around, and has become dependent,” possibly reflecting abnormal
trust.
4. Discussion

Our results support a role for the insula in the process of
complex social decision-making. There are several aspects of de-
cision-making during the TG that make contact with functions of
the insula. Performance in the trust game depends on accurate
evaluations of a partner's trustworthiness, cooperation between
partners, and evaluations of risk during economic decisions. Suc-
cessful interactions during the TG are dependent on the ability to
accurately assess trustworthiness and create mutually beneficial
social interactions.

Consistent with previous studies (King-Casas et al., 2005;
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Koscik and Tranel, 2011), we report here that neurologically nor-
mal adults use a tit-for-tat reciprocity strategy in the TG. Normal,
healthy adults respond in kind to their partners–betrayals are re-
ciprocated with punishment, while expressions of trust are re-
ciprocated in kind.

Conversely, we found that individuals with damage to the in-
sula did not respond in a tit-for-tat manner. Instead, these parti-
cipants tended to differ from this normative reciprocity style. As
investors, individuals with insula damage tended to respond in a
benevolent manner, expressing trust in their partner even when
their partner had betrayed their trust. As trustee, individuals with
insula damage tended to respond in a malevolent manner, be-
traying their partners even when their partners had expressed
trust.

Participants with brain damage excluding the insula, amygdala,
and medial prefrontal cortex (BDCs) displayed a slightly different
manner of behavior than both participants with insula damage
and normal, healthy adults. The behavior of these participants also
differed based on the role they were playing. As investor, these
participants tended to behave in a tit-for-tat manner less fre-
quently than the NC group but more frequently than the INS
group. As trustee, these participants tended to perform in a tit-for-
tat manner similar to normal healthy adults. Further studies could
look for systematic brain-behavior relationships amongst patients
with lesions to other structures.

Our results support a critical role of the insula for interpersonal
economic decision-making. Previous studies using various eco-
nomic decision-making games have found involvement of the in-
sula during risky or uncertain decisions. A recent meta-analysis
found that activity in the anterior insula reflects both anticipation
of risk and risky decisions (Mohr et al., 2010). The TG contains an
element of risk (van den Bos et al., 2009). For example, if the in-
vestor invests a large amount of their money, they are taking a risk
that the trustee may not reciprocate. In this way, benevolence as
the investor may be seen as a risky choice. Here, we found that
individuals with insula damage tended to act benevolently when
playing the role of the investor. This means that participants with
insula damage consistently made investments that were higher
than the reciprocation they received from the trustee. Therefore,
by being benevolent as the investor, the individuals with insula
damage consistently took risky choices that were not being
rewarded.

Insula activity has been found in response to trials when par-
ticipants made risky decisions that were not rewarded (Paulus
et al., 2003). When participants took a risky investment and sub-
sequently lost, they showed increased insula activation. Ad-
ditionally, the greater the insula activation in response to these
losses, the more likely the participant was to choose the safe bet
on the next turn. Therefore, activity in the insula may signal a risky
choice – if the risky choice results in a loss, increased activity in
the insula may then be interpreted by the participant as an in-
dicator to not make this risky choice again. In individuals with
insula damage, this mechanism may be impaired, and they may
not able to understand that they are making a risky choice. So,
when their partner responds with a decrease in their return, they
do not similarly decrease their investment, but instead act bene-
volently. Our findings are consistent with previous lesion research
that has shown that individuals with insula damage show reduced
risk adjustment, i.e., do not place lower bets on riskier outcomes
(Clark et al., 2008). Additionally, individuals with insula damage
have shown higher levels of bankruptcies in economic decision-
making games (Clark et al., 2008). Our data are therefore con-
sistent with the idea that insula activity reflects risky decisions,
and that damage to the insula impairs judgments of risk. In the
case of the TG, individuals with insula damage acted benevolently
as the investor, a decision that places them at risk of being
exploited.
While individuals with insula damage tended to act benevo-

lently when in the role of investor, they tended to act malevolently
when in the role of trustee. This may reflect differences in the two
roles: what constitutes a risky choice in the role of trustee may be
different from what constitutes a risky choice in the role of in-
vestor. Seemingly, malevolence is a ‘safe’ decision: an individual
keeps the money for themselves. However, this type of behavior
ignores the social aspect of the trust game, and the necessity of
building trust with one's partner in order to facilitate advanta-
geous future transactions. Neurologically normal adults perform in
a tit-for-tat manner – when their partners increase their invest-
ments, the trustees also increase their investments. This facilitates
trust between the partners and builds a relationship to enhance
future interactions. The trustee is reliant on the investor to receive
money, so if they do not reciprocate in kind, the investor may not
invest with them again in the future. Thus, being malevolent as the
trustee is a risky decision, because it does not facilitate the for-
mation of a positive relationship and jeopardizes future economic
gain. This is different from when in the role of the investor, be-
cause the trustee is solely reliant on the investor for his income.
Individuals with insula damage may behave malevolently because
they do not recognize the risk involved.

Aside from economic-based explanations, it is important to
take into account the social aspect of the TG and the role of the
insula in social behavior. Previous functional imaging research has
shown insula activity in response to social norm violations during
the TG (King-Casas et al., 2008; van den Bos et al., 2009). King-
Casas et al. (2008) found that insula activity was negatively asso-
ciated with investment level, so that higher insula activity was
associated with lower investments. They suggest that insula ac-
tivity when making and receiving low offers signals violations of
social norms, i.e., low offers. Thus, although malevolence may be
monetarily beneficial for the trustee, it is a violation of social
norms. Here, we found that individuals with insula damage dis-
played malevolent reciprocity when in the role of the trustee.
These individuals may not appropriately recognize a norm viola-
tion and continue to repeatedly behave in a way that violates so-
cial norms. While malevolent behavior as the trustee is a violation
of social norms, benevolence may be socially beneficial. In fact,
King-Casas et al. (2008) describe benevolence as “coaxing;” when
normal, healthy adults receive a low offer, they often return a
higher amount in order to “coax” their partner back into a more
reciprocal relationship. Therefore, instead of behaving in a socially
appropriate way, here we see individuals with insula damage
violating the trust of their partners and behaving malevolently.

When in the role of investor, individuals with damage to the
insula displayed a benevolent reciprocity strategy, in contrast with
their malevolent strategy use in the role of trustee. However,
displaying benevolence as an investor is also a form of social norm
violation. Acting benevolently puts the investor in a position
which may let their partner take advantage of them. When one
repeatedly behaves benevolently, they risk being exploited by
their partner. As the investor, an appropriate social norm would be
to protect oneself from others until an accurate judgment could be
made about how they will reciprocate. When individuals with
insula damage repeatedly invest benevolently, they do not realize
that they are being taken advantage of, i.e., they do not recognize
this violation of normal social behavior. In this way, benevolence
as the investor both violates normative behavior during the TG
and has a component of risk – both processes supported by the
insula. Consistent with the idea of the insula as a critical region for
identifying social norm violations, we found that individuals with
damage to the insula display greater levels of inappropriate social
behavior in real-world situations.

Additionally, the insula has been implicated as an important



A.M. Belfi et al. / Neuropsychologia 71 (2015) 165–172 171
neural structure underlying betrayal aversion. For example, insula
activity is increased in betrayal-averse individuals when they
make a trusting decision (Aimone et al., 2014). When trusting a
partner, a person opens him or herself to a potential betrayal of
that trust. The insula may be important for signaling a potential
betrayal and influencing a person's decision not to trust. Damage
to the insula may remove this inhibition of trust and lead to in-
creased benevolence as an investor. Similarly, if the insula signals
one's own betrayals as well, removal of this would increase mal-
evolence, as seen in our current data.

At the completion of the experiment, participants were asked
to describe any particular strategy they used during the task. An-
ecdotally, participants in the NC and BDC group tended to respond
that their strategy was to perform in a tit-for-tat manner, giving
responses such as “if they gave more money I would give more
back,” and “when the other person gave me a very small amount I
would give less.” Individuals in the INS group did not as frequently
express a tit-for-tat strategy, instead suggesting that they “tried to
keep the investor happy” and “attempted to be ‘nice’ to the other
player,” although one INS group member reported that they would
“give more if the balance was out of whack,” suggesting that they
were attempting to maintain a fair balance. These anecdotal data
support our account that individuals with damage to the insula
display abnormal strategies during interpersonal decision-making.

While these findings are consistent with a role of the insula in
social decision-making, there are several issues inherent in
studying patients with brain damage that may present limitations
to these conclusions. First of all, patients with focal, circumscribed
insula lesions are rare, as evidenced by our current sample. While
these lesions all include insula damage, they tend to cover other
areas of cortex, including regions outside of the insula. While our
maximum region of overlap is located in the insula region, this
additional lesion involvement may limit the specificity of our
conclusions. We have aimed to address this concern by including a
BDC group of individuals with brain damage outside the insula.
The BDC group provides a control for general effects of brain da-
mage. Including a BDC group helps address the possibility that
brain damage to any region could cause the behavioral effects seen
here – this does not appear to be the case, based on our findings.

However, including this BDC group introduces an additional
source of variability between brain-damaged groups. As described
above, participants in the BDC group have lesions due to a variety
of etiologies. To address this concern, we grouped patients to-
gether by etiology (stroke vs. resection) and conducted in-
dependent-samples t-tests to investigate differences in our de-
pendent variables. We found no significant differences between
etiology groups. An additional limitation of this study may stem
from the variability in our participants due to individual difference
variables (e.g., education, socioeconomic status, age). These vari-
ables may play an important role in decision-making during the
TG. However, we found no statistical differences between groups
on demographic or neuropsychological variables. Another limita-
tion of the current approach is the fact that the caudate is also
frequently damaged in individuals with insula damage, as seen in
our present group. This issue is hard to approach definitively, gi-
ven the small size of the structure and its frequent collateral da-
mage with the insula.

In conclusion, our findings support the role of the insula in
complex social decision-making, including judgments of risk and
social norm violations. In the TG, risky decisions can differ based
on the role the participant plays. Here, we found that individuals
with insula damage performed benevolently as the investor and
malevolently as the trustee, reflecting impaired decision-making
in this task. Additionally, these findings support the role of the
insula as responsive to both positive and negative affective states
(e.g., benevolence and malevolence). Insula damage may result in
impaired social decision-making due to an inability to evaluate
both the risk as well as the normative social behavior that occurs
during a reciprocal exchange.
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