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Abstract Interpersonal trust and distrust are important com-
ponents of human social interaction. Although several studies
have shown that brain function is associated with either
trusting or distrusting others, very little is known regarding
brain function during the control of social attitudes, including
trust and distrust. This study was designed to investigate the
neural mechanisms involved when people attempt to control
their attitudes of trust or distrust toward another person. We
used a novel control-of-attitudes fMRI task, which involved
explicit instructions to control attitudes of interpersonal trust
and distrust. Control of trust or distrust was operationally de-
fined as changes in trustworthiness evaluations of neutral
faces before and after the control-of-attitudes fMRI task.
Overall, participants (n = 60) evaluated faces paired with the
distrust instruction as being less trustworthy than faces paired
with the trust instruction following the control-of-distrust task.
Within the brain, both the control-of-trust and control-of-
distrust conditions were associated with increased
temporoparietal junction, precuneus (PrC), inferior frontal gy-
rus (IFG), and medial prefrontal cortex activity. Individual
differences in the control of trust were associated with PrC
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activity, and individual differences in the control of distrust
were associated with IFG activity. Together, these findings
identify a brain network involved in the explicit control of
distrust and trust and indicate that the PrC and IFG may serve
to consolidate interpersonal social attitudes.
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Interpersonal trust is an important component of human social
interaction. Trusting other people is associated with the
strength of social relationships and the way many interperson-
al and economic decisions are made (Delgado, Frank, &
Phelps, 2005; Riedl & Javor, 2012). Within the human popu-
lation, considerable variability exists in the ways and the ex-
tent to which people trust each other (Borum, 2010; Riedl &
Javor, 2012). Interpersonal trust has been operationalized as a
relatively stable trait that varies within the human population
(Fleeson & Leicht, 2006). However, attitudes of interpersonal
trust can dynamically change over time and can be affected by
a variety of factors, including competence or attractiveness
(Chang, Doll, van’t Wout, Frank, & Sanfey, 2010). Although
several studies have investigated the brain basis of trust-
related decision-making, very little is currently known regard-
ing how people can exhibit control over their interpersonal
attitudes of trust and distrust. For example, if one were being
introduced to a person for the first time, and had been told,
immediately prior, “this person is trustworthy, you can really
count on them,” how would this statement influence the sub-
sequent social interaction? Do individual differences exist in
terms of how willing people are to accept that new people (i.e.,
strangers) are trustworthy or untrustworthy, in response to
being instructed to do so? This study was designed to
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investigate the way people exhibit cognitive control over so-
cial attitudes of interpersonal trust and distrust.

Interpersonal trust is operationally defined as the willingness
to put oneself in a vulnerable position dependent on another
person’s actions (Borum, 2010; Lewicki, Tomlinson, & Gilles-
pie, 2006). Many researchers have investigated the tendency to
trust others by using tasks that involve the trustworthiness eval-
uation of faces or through economic games that infer trust via
cooperation (Adolphs, 2002; Dimoka, 2010, 2011; Krueger
et al., 2007; Riedl, Hubert, & Kenning, 2010; Riedl, Mohr, Ken-
ning, Davis, & Heckeren, 2014; Rilling et al., 2002). These
studies have highlighted the role of limbic regions, such as the
amygdala, when faces are judged to be either very trustworthy or
very untrustworthy (Rule, Krendl, Ivcevic, & Ambady, 2013;
Winston, Strange, O’Doherty, & Dolan, 2002). When using par-
adigms such as the prisoner’s dilemma or the trust game, studies
have shown a mixed pattern of results. Economic trust games
indicate that the initial decision to trust is associated with in-
creased activation within the paracingulate cortex and septal area,
whereas decisions to defect are associated with activation within
the ventral tegmental area (Krueger et al., 2007). Other studies of
trust have indicated that the amygdala, insula, and orbitofrontal
cortex are active during the evaluation of trust and distrust
(Adolphs, 2002; Dimoka, 2010, 2011). Other research has
shown that trust (or reciprocity) is associated with greater activity
within dorsomedial prefrontal cortex (dmPFC), precuneus (PrC),
and temporoparietal junction (TPJ; Emonds, Declerck, Boone,
Seurinck, & Achten, 2014; Emonds, Declerck, Boone,
Vandervliet, & Parizel, 2011; Morishima, Schunk, Bruhin, Ruff,
& Fehr, 2012; Rilling & Sanfey, 2011; Watanabe et al., 2014).
Distrust (or unreciprocated trust) is associated with greater activ-
ity within the anterior insula (Rilling & Sanfey, 2011). Interest-
ingly, several of these areas, such as the medial prefrontal cortex
(mPFC) and insula, are also implicated in emotion regulation
research (Goldin, McRae, Ramel, & Gross, 2008; Grecucci,
Giorgetta, van’t Wout, Bonini, & Sanfey, 2013; Ochsner &
Gross, 2005; Ochsner et al., 2004), which is also relevant in
the conscious control/regulation of these interpersonal attitudes.

Trust and distrust are both interpersonal social attitudes;
however, trust and distrust also may represent distinct psycho-
logical constructs (Cho, 2006; Lewicki, McAllister, & Bies,
1998). In terms of emotional valence, trust is a positively
valenced interpersonal attitude, whereas distrust represents a
negatively valenced interpersonal attitude. There is evidence
that social and emotional information is processed differently
according to valence. For example, negative social informa-
tion tends to be prioritized and is more salient when forming
interpersonal impressions than is positive social information
(Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001; Peeters
& Czapinski, 1990). There is also evidence that the brain
detects and processes negative emotional stimuli (such as fear-
ful faces or negative emotional words) differently than posi-
tive emotional stimuli (Baumeister et al., 2001; Rozin &
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Royzman, 2001; Smith, Cacioppo, Larsen, & Chartrand,
2003). Combined, these studies suggest that trust and distrust
may rely on dissociable psychological and neural systems
(Dimoka, 2010), and that distrust may be a more salient social
cue than trust. Therefore, in this study, we predicted that trust
and distrust would be processed differently and that distrust
would be a more salient cue than trust.

In this study, we used a novel experiment to measure the
effortful control of interpersonal trust and distrust, behaviorally
and within the brain. The design is based on the extant empir-
ical neuroimaging and behavioral research on automatic trust-
worthiness evaluations of faces (Bzdok et al., 2011; Bzdok
et al., 2012; Todorov, 2008; Todorov, Baron, & Oosterhof,
2008; Todorov, Mende-Siedlecki, & Dotsch, 2013; Winston
et al., 2002), interpersonal attitude formation (Cunningham,
Raye, & Johnson, 2004, Kuzmanovic et al., 2012), and emo-
tion regulation (Goldin et al., 2008; Ochsner & Gross, 2005;
Ochsner et al., 2004; Ochsner, Silvers, & Buhle, 2012). Partic-
ipants evaluated the trustworthiness of faces before and after a
control-of-trust task. Each trustworthiness evaluation task was
completed outside an fMRI scanner, and the control-of-trust
task was completed while fMRI data were being collected.
This approach allows “control of trust and distrust” to be op-
erationalized as the change in trustworthiness evaluations
(from pre to post scanning). Additionally, the collection of
fMRI data provides insight as to what brain regions are in-
volved when people attempt to control interpersonal attitudes
of trust and distrust. Finally, combined trustworthiness evalu-
ation and fMRI data provide the opportunity to investigate how
individual differences in the control of trust or distrust may be
associated with individual differences in brain activity.

On the basis of existing neuroimaging studies on trust, inter-
personal attitude formation, and emotion regulation (Bzdok
et al., 2011; Bzdok et al., 2012; Cunningham et al., 2004;
Kuzmanovic et al., 2012; Goldin et al., 2008; Ochsner & Gross,
2005; Ochsner et al., 2004; Ochsner et al., 2012; Todorov et al.,
2008; Winston et al., 2002), we predicted that the control of
trust and distrust would be subserved by activity within the
mPFC, TPJ, PrC, insula, and dorsolateral and inferior frontal
cortices. Furthermore, on the basis of prior evidence that nega-
tive social information is more salient than positive social in-
formation (Baumesister et al., 2001; Rozin & Royzman, 2001;
Smith et al., 2003), we predicted that the control-of-distrust
instruction would have a greater impact on changes in trustwor-
thiness evaluations than would the control-of-trust instruction.

Method
Participants

Sixty healthy, right-handed, English-speaking participants (37
female, 23 male; mean age 20.25 + 2.46 years) were recruited
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from the University of Georgia and the surrounding commu-
nity. All participants were screened for neurological and psy-
chiatric illnesses as well as for MRI contraindications. Partic-
ipants provided written informed consent prior to participa-
tion, and the University of Georgia Institutional Review Board
approved all study procedures. One participant was dropped
from the analyses that involved changes in trust evaluations
due to a computer error during collection of the trustworthi-
ness evaluation data (n = 59; 22 male/37 female, mean age =
20.42 £ 2.47). Therefore, all analyses that include “change-of-
trust” scores as a variable of interest are reported on the basis
of n =159, whereas all other analyses are reported on the basis
of n = 60. There was no significant difference between the
numbers of males and females [x*(1) = 3.32, p > .05]. Finally,
age did not differ between the male and female participants
[1(58)=1.879, p > .05].

Procedure

The study consisted of two separate sessions. During the first
session, participants completed two behavioral tasks, an initial
evaluation of trustworthiness and a face name memory task.
The initial evaluation of trustworthiness task provided a base-
line measure of how trustworthy participants believed each
face to be. The face name memory task was used to quantify
each participant’s ability to remember the names of faces (sub-
sequently used as a covariate, nuisance variable in the regres-
sion analysis). During the second session, participants
underwent fMRI while completing the control-of-trust task.
Postscan, participants completed the trustworthiness evalua-
tion task again. Postscan ratings of the same faces provided
the data necessary to calculate change-in-trust scores. The
average duration between the initial evaluation-of-
trustworthiness task and the fMRI data collection was 40 +
30.96 days (range = 8—132).

Initial evaluation of trustworthiness

The design of the task was based on prior behavioral research
on the trustworthiness evaluation of faces (Rule et al., 2013;
Todorov, 2008). Participants were presented with a series of
36 neutral faces and were instructed to evaluate how trustwor-
thy they believed each face to be, on a 7-point Likert scale,
with 1 being untrustworthy and 7 being trustworthy. Faces
were presented until the participant gave a response. There-
fore, the task duration varied among participants. The color
photographs of the faces were selected from a standardized
database (Minear & Park, 2004) and presented on a white
background via a computer monitor using E-Prime soft-
ware (www.pstnet.com/eprime.cfm). The selected faces
comprised 18 males and 18 females (mean age = 26.72
+ 6.9 years). Mean trustworthiness evaluations were
calculated for each participant.

Face name memory task

Participants were presented with a name followed by a face
and were explicitly instructed to remember the name paired
with each face. Twenty neutral Ekman faces (Ekman &
Friesen, 1971) were used and repeated twice in random order.
The names for the faces were randomly generated using a
standardized Web-based name generator (www.
namegenerator.biz). Approximately 10 min following
encoding, each participant was presented with 10 out of the
20 faces and three possible names and was instructed to
choose the correct name that had previously been paired
with the face. Of the three possible names, one was correct,
one was incorrect but had previously been presented during
encoding with a different face, and one name was incorrect
and had not previously been presented during encoding. For
each participant, accuracy was calculated by dividing the total
number of correct responses by the total number of possible
responses. The faces presented in this paradigm were selected
from a different database from those used during the control-
of-trust task in order to reduce habituation and carryover ef-
fects between the two tasks.

The face name memory task, a recognition memory par-
adigm, was included in order to quantify each participant’s
ability to remember words paired with faces. More specif-
ically, an important aspect of this study was to characterize
individual differences in the ability to control the interper-
sonal attitudes of others, on the basis of semantic instruc-
tions (trust or distrust) paired with the images of faces.
Face name memory scores were included as a covariate
in the individual differences analyses to improve the valid-
ity of the change-of-trust or -distrust scores. See the Dis-
cussion section for limitations of the task and this
approach.

Control-of-trust task

During a separate session, each participant underwent fMRI
while completing the control-of-trust/distrust task. Prior to
entering the scanner, each participant was read the following
instructions:

In the following experiment, we are interested in your
ability to control how much you either Trust or Distrust
someone. When you see the instruction “Trust” (or the
letter “T”) your job will be to do your best to imagine
trusting that this person has your best interests in mind.
When you see the instruction “Distrust” (or the letter
“D”), your job will be to do your best to imagine that
this person is motivated to take advantage of you. This
type of trust or distrust could be related to friendship,
financial issues or academic or professional advice.
Lastly, when you see the instruction “Age” (or the letter
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“A”), your job will be to do your best to determine the
age of the person depicted in the photograph.

Each participant then completed a brief practice version of
the task before entering the scanner, to ensure that participants
understood the directions and the procedure of the task. Once
in the scanner, and immediately prior to fMRI data collection,
the participants were once again presented the written instruc-
tions. During the control-of-trust task, each participant was
presented with a cue indicating the condition (control of trust,
control of distrust, or age evaluation), followed by a photo-
graph of a face (Supplementary Fig. 1). Participants were
instructed to imagine trusting, distrusting, or evaluate the
age of each face. No behavioral responses were collected dur-
ing the fMRI task.

The faces included in the control-of-trust task were identi-
cal to the faces included in the evaluation-of-trustworthiness
task. However, the 36 face stimuli were divided into three
categories: 12 of the faces were paired with a “control-of-
trust” instruction, 12 were paired with a “control-of-distrust”
instruction, and 12 were paired with an “evaluation-of-age”
instruction. The faces paired with the “control-of-trust” and
“control-of-distrust” conditions were counterbalanced across
participants, and participants were randomly assigned to one
of the two versions. Changes in the trustworthiness evalua-
tions were not different according the version of the task [#58)
=-0.841, p = .404]. We selected age evaluation as the control
condition, on the basis of prior trustworthiness face-
processing research (Winston et al., 2002). The age evaluation
condition involves the same perceptional characteristics and is
also “evaluative,” however age is not specifically an interper-
sonal attitude, while trust and distrust are specifically interper-
sonal attitudes. For each condition (trust, distrust, and age),
equal proportions of male and female faces were presented,
and there were no significant differences between conditions
in the ages of the people presented in the photographs [F(2,
35)=0.05, p = .95].

After the initial set of instructions, participants were pre-
sented with a fixation cross for 15 s in order to stabilize and
calibrate collection of the MRI data. These scans (five TRs)
were not modeled and were not included in any of the statis-
tical analyses. This was followed by the presentation of seven
blocks for each condition, resulting in a total of 21 blocks.
These blocks varied in the numbers of faces presented (three
or four faces per block). For each condition, there were four
blocks with three faces per block and three blocks with
four faces per block. The blocks varied in number of trials
in order to reduce the tendency of participants to antici-
pate the timing parameters within the task and to increase
each participant’s attentiveness to each trial. Each face
image was presented for a total of 5 s (with a 1-s cue
prior to presentation). All stimuli were presented twice
throughout the experiment. Thus, each participant was
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presented with a total of 72 stimuli (36 x 2). The number
of stimuli was selected so as to preserve the balance be-
tween reliably measuring the psychological construct of
interest (control of interpersonal social attitudes) and at-
tention throughout the task. The duration of the task was
7 min 30 s. An additional fixation of 15 s was presented
at the end of the task.

Postscan evaluation of trustworthiness

Immediately following the fMRI scanning (about 10 min after
completing the control-of-trust task), each participant com-
pleted a postscan evaluation-of-trustworthiness task. The
postscan evaluation task was identical to the initial
evaluation-of-trustworthiness task (i.e., the same 36 faces).
Participants were seated in front of a computer screen and
asked to evaluate how trustworthy they believed the face pre-
sented appeared to be, using a 7-point Likert scale, with 1
being untrustworthy and 7 being trustworthy.

Control of trust: Behavioral measure

To operationalize each participant’s ability to control attitudes
of trust and distrust, the initial evaluation-of-trustworthiness
scores were subtracted from the postscan scores, for the faces
paired with the “control-of-trust” or “control-of-distrust” in-
structions during fMRI scanning. Thus, a positive change in
the trustworthiness evaluations represent sucessfully modify-
ing attitudes of trust toward faces following the control-of-
trust condition, and negative values represent sucessfully
modifying attitudes of distrust toward faces following the
control-of-distrust condition.

fMRI data acquisition

Whole-brain imaging data were acquired on a GE-Signa 3-T
scanner (General Electric, Milwaukee, WI) at the University
of Georgia Bio-Imaging Research Center (birc.uga.edu). A
total of 195 functional images were acquired using a gradient
echo T2*-weighted echoplanar imaging scan and were obtain-
ed using a flip angle of 90°, repetition time = 2.0 s, echo time =
25 ms, 40 slices, and field of view = 220 x 64 mm matrix. For
the structural whole-brain images, a three-dimensional high-
resolution spoiled gradient scan was conducted (repetition
time, 24 ms; echo time, 4.5 ms; flip angle, 20°; matrix size,
256 x 256, field of view, 25.6 cm; slice thickness, 1.0 mm;
164 contiguous slices).

fMRI data processing
The fMRI data were preprocessed and statistically analyzed

using SPM8 (Wellcome Department of Imaging Neurosci-
ence, London, UK) and implemented through MATLAB



Cogn Affect Behav Neurosci (2016) 16:325-338

329

R2012a (www.mathworks.com). The images were temporally
realigned to the middle slice, spatially realigned to the first in
the time series. The images were then co-registered and
spatially normalized into a standard stereotactic space (MNI
template) and spatially smoothed with an 8-mm full-width-at-
half-maximum isotropic Gaussian filter. Three dummy scans
were discarded prior to the analysis (http://fil.ion.ucl.ac.uk/
spm/doc/manual.pdf).

fMRI data statistical analysis

A series of planned contrasts between conditions were
performed to identify task-specific changes in brain activity.
Each contrast was performed on whole-brain data, using a
family-wise error (FWE) corrected threshold of p < .05, ten-
voxel extent. In order to identify regions involved during the
explicit control of social interpersonal attitudes, BOLD
responses during the control of attitude conditions were
compared to the age evaluation condition (trust + distrust >
age, trust > age, and distrust > age). Next, BOLD responses
during the control-of-trust condition were compared to BOLD
responses during the control-of-distrust condition (i.e., trust >
distrust and distrust > trust). For each main contrast, we also
report the results of a region-of-interest (ROI) based analysis
within the mPFC, TPJ, PrC, insula, and dorsolateral and infe-
rior frontal cortices, using an FWE-corrected statistical
threshold.

The mPFC, insula, and dorsolateral and inferior frontal
cortical ROIs were selected from a standardized atlas used
for functional neuroimaging (Maldjian, Laurienti, Kraft, &
Burdette, 2003). The TPJ ROI was specified as a sphere (16-
mm radius) surrounding the coordinates (MNI: 54, —55, 26
and —54, —55, 26) reported in Mars et al. (2012), and the PrC
ROI was specified as a sphere (20-mm radius) surrounding the
coordinates (MNI: —12, —56, 32 and 12, —56, 32) reported by
Kuzmanovic et al. (2012).

Next, exploratory analyses were performed designed to
investigate individual differences in the ability to control
attitudes of trust and distrust (e.g., changes in the
trustworthiness evaluations). We also investigated the
association between individual differences in “change of
trust” and “change of distrust” scores and functional
connectivity within the brain. Because there was
considerable variability and a large range in the numbers of
days between pre and post, all analyses that involved “change
scores” were also performed with “number of days between”
as a covariate. Additionally, each individual-difference
analysis was performed with face name memory scores
entered as a covariate. Change-in-trustworthiness scores were
not correlated with the number of days between sessions
[#(57)=-.089, p = .497].

For the individual-differences analyses, each participant’s
change-in-trustworthiness scores were entered as the

independent variable, and contrast images (trust > age
evaluation and distrust > age evaluation) were entered as the
dependent variable. For functional connectivity analyses, seed
regions were specified on the basis of whole-brain regression
analysis, with change-of-trust (or change-of-distrust) scores
predicting BOLD signal change between the control of trust
versus age evaluation condition, and the control of distrust
versus age evaluation condition, respectively. On the basis of
prior research on trust and interpersonal attitude formation
(Bzdok et al., 2011; Bzdok et al., 2012; Cunningham et al.,
2004; Kuzmanovic et al., 2012; Todorov et al., 2008; Winston
et al., 2002), we performed ROI analyses within the mPFC,
TPJ, PrC, insula, and dorsolateral and inferior frontal cortices.
For the exploratory statistical analysis within a-priori-
specified ROIs, a statistical threshold of p < .001, 20-voxel
extent was used. This combination is sufficient to preserve the
balance between sensitivity and false-positive rates
(Lieberman & Cunningham, 2009; Woo et al., 2014).

Results
Behavioral results

This section is divided into two subsections. First, we report
on the initial evaluations of faces and the face name task,
followed by the effect of the control-of-trust task on changes
in the trustworthiness evaluations.

The mean rating for all faces was 4.36 (SD = 0.92, range =
2.28-6.47, variance = 0.850). We observed no associations
between mean trustworthiness evaluations and the sex [#(58)
= 0.250, p = .803] or age [#(58) = .059, p = .655] of the
participants. There were no significant differences between
the mean ratings of faces that were subsequently paired with
a “trust” or “distrust” instruction during the imaging task
[#(58) = 0.897, p = .374]. Finally, female faces were rated as
more trustworthy than male faces (male mean = 4.06 + 0.949,
female mean = 4.67 + 0.972) [#(58) = 8.744, p < .01].

The mean face name memory score across participants was
8.31 £ 1.51. All participants scored at or above chance, with a
minimum score of 5 and a maximum score of 10. We found no
significant differences between the sexes [/(58) = .250, p =
.803], and scores were also not associated with the ages of
participants [#(58) = —.110, p = .406], trust evaluation scores
[7(58)=.062, p = .642], change-in-trust scores [(58)=.145, p
= .274], or change-in-distrust scores [#(58) =.003, p = .980].

Following the control-of-trust task, the faces paired with
the distrust instruction were evaluated as being less trustwor-
thy than at the initial evaluation (pre: M = 4.34, SD = 0.96;
post: M =3.62, SD = 0.71) [paired ¢ test: #(1, 57) =4.74, p <
.001] (Fig. 1). The change scores for “distrust faces” (from pre
to post) remained statistically significant when face name
memory scores and the number of days between sessions were
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Fig. 1 Bar graph showing the mean ratings of trustworthiness for each
condition (trust, distrust, age) between the pre and post scans. Error bars
represent standard deviations. n.s., not significant

entered as covariates [F(1, 56) = 13.14, p = .004]. No
significant change in trustworthiness was observed for faces
paired with the trust instruction (pre: M = 4.39, SD = 0.93;
post: M = 4.37, SD = 0.56) [paired ¢ test: #(1, 57) = 0.21,
p = .83]. Finally, for the faces paired with the “evaluation-
of-age” instruction, no significant change was observed in
the trustworthiness evaluations (pre: M = 4.36, SD = 0.95;
post: M = 4.24, SD = 0.58) [paired ¢ test: #(1, 57) = 0.96,
p = .34]. Combined, these findings indicate that the distrust
instruction served to reduce trustworthiness evaluations across
participants, whereas the trust and age instructions did not
consistently affect trustworthiness evaluations across
participants. This finding may suggest that some participants
became more trusting of the faces following the control-of-
trust task, whereas other participants did not.

Neuroimaging results

Control of interpersonal social attitudes BOLD responses
when participants were asked to control interpersonal social
attitudes (both trust and distrust combined) were compared to
results from the age evaluation condition. Whole-brain results
(unmasked) are listed in Table 1 and are presented in Fig. 2A.
Within ROIs, we found that the control of attitudes was
associated with greater activity within bilateral TPJ
[#(57) = 10.17, p < .001, 2,225 voxels, and #(57) = 6.54,
p <.001, 442 voxels], left anterior cingulate cortex (ACC)/
mPFC (¢ = 8.30, p < .001, 3,664 voxels), bilateral IFG
[¢(57) = 8.08, p < .001, 1,215 voxels, and #(57) = 7.36,
p <.001, 78 voxels], and left PrC [#(57) = 5.36, p < .001, 43
voxels]. All results remained statistically significant when
face name memory scores and the number of days between
the initial evaluation and fMRI scanning were entered as
covariates (p <.001).
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Table 1 Regions of increased activation in the control of social
attitudes
MNI
Anatomical Region LR x y z t k
Attitude > Age
ACC/mPFC L -10 40 48 830 3,004
TPJ L 46 -64 26 10.17 2225
R 56 —68 12 654 442
IFG L 48 26 2 8.08 1215
R 54 30 -2 736 78
Cerebellum—(Crus-I) R 26 82 -34 727 216
MCC R -2 -14 40 645 117
PrC L -6 -52 34 536 43
Superior temporal sulcus R 52 -6 -—-16 552 34
Middle temporal gyrus/pole R 42 12 -36 585 13
Thalamus L -12 -8 16 470 12
Trust > Age
ACC/mPFC L -2 36 2 844 3236
TPJ L 50 -72 38 878 1,145
R 60 -58 24 601 91
IFG L 46 28 -4 571 277
R 54 30 -2 59 33
Middle temporal gyrus L -52 -4 30 583 162
Cerebellum—(Crus-I) R 26 82 -34 657 091
PrC L -6 -52 32 516 40
MCC L -2 -14 40 558 31
Distrust > Age
TPJ L 44 -62 26 1004 2859
R 66 44 26 654 514
ACC/mPFC L -8 52 42 860 2297
Middle temporal gyrus L 48 -2 36 849 1427
Cerebellum—(Crus-I) R 24 76 36 7.07 242
IFG extending to insula R 54 30 -2 708 66
L 42 -10 54 531 26
PCC L -2 -14 40 575 65
Precentral gyrus R 5 -6 52 586 50
Superior temporal gyrus R 56 -4 -16 529 26
Temporal pole R 52 10 -20 509 19

Results of the whole-brain analysis for each attitude contrast (attitude >
age, trust > age, distrust > age), FWE-corrected p = .05, 10-voxel extent.
ACC, anterior cingulate cortex; mPFC, medial prefrontal cortex; TPJ,
temporoparietal junction; IFG, inferior frontal gyrus; MCC, medial cin-
gulate cortex; PrC, precuneus; PCC, posterior cingulate cortex; L, left
hemisphere; R, right hemisphere

Control of trust BOLD signals were compared during the
control-of-trust condition and the age evaluation condition.
Whole-brain (unmasked) results are listed in Table 1 and
shown in Fig. 2B. Within ROISs, the control-of-trust condition
was associated with greater activity within bilateral TPJ [#59)
= 8.78, p < .001, 1,145 voxels, and ¢ = 6.01, p < .001, 74
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Control of attitudes versus evaluation of age

a Control of attitude > age

b control of trust > age

y=-55 z2=8

y=-58

y=40

t-value

0 7

Fig. 2 (A) Whole-brain analysis showing changes in brain activity
during the control of social attitudes (control of trust and distrust
combined) versus the evaluation-of-age condition. (B) Whole-brain
analysis showing changes in brain activity during the control of trust
versus the evaluation-of-age condition. (C) Whole-brain analysis
showing changes in brain activity during the control of distrust versus

voxels], bilateral IFG [#(59) = 5.71, p <.001, 277 voxels, and
#59)=15.90, p <.001, 33 voxels], left ACC/ventromedial PFC
(vimPFC) [/(59) = 8.44, p < .001, 3,236 voxels], and left PrC
[#(59) = 5.16, p < .001, 40 voxels]. All results remained sta-
tistically significant when face name memory scores and the
number of days between sessions were entered as covariates
(p <.001).

Control of distrust Whole-brain (unmasked) results for the
control-of-distrust condition versus the age evaluation condi-
tion are listed in Table 1 and shown in Fig. 2C. Within ROIs,
the control-of-distrust condition was associated with greater
activity within bilateral TPJ [#59) = 10.04, p < .001, 2,859
voxels, and #59) = 6.54, p < .001, 514 voxels], left ACC/
mPFC [#(59) = 8.60, p < .001, 2,297 voxels], and bilateral
IFG extending to insula [#(59) = 7.08, p < .001, 66 voxels,
and #59) = 5.31, p <.001, 26 voxels]. All results remained
statistically significant when face name memory scores and
the number of days between sessions were entered as covari-
ates (p <.001).

Control of trust versus control of distrust Whole-brain
(unmasked) results are listed in Table 2 and shown in
Fig. 2D. When the conditions were directly compared, the
control-of-trust condition was associated with greater

the evaluation-of-age condition. (D) Direct comparison between the
control-of-trust and control-of-distrust conditions. Areas of significant
changes of BOLD signal are overlaid on a standardized template of the
brain. PrC, precuneus; ACC, anterior cingulate cortex; TPJ,
temporoparietal junction; IFG, inferior frontal gyrus; mPFC, medial
prefrontal cortex; MCC, medial cingulate cortex; Ins, insula

vmPFC/ACC [#(59)=6.51, p <.001, 269 voxels] activity than
was the control-of-distrust condition. The control-of-distrust
condition was not associated with increased activation. This
result remained statistically significant when face name mem-
ory scores and the number of days between sessions were
entered as covariates (p < .001).

Individual differences in control of trust Whole-brain
(unmasked) analysis revealed that greater change in trustwor-
thiness evaluations was associated with greater PrC activity
[4(57) = 3.67, p < .001, 41 voxels] (Table 3 and Fig. 3A).

Table 2  Differences in the control of trust versus distrust

MNI

Anatomical Region
Trust > Distrust
ACC/mPFC/vmPFC R 0 44 0
Distrust > Trust
No significant clusters

L/R X y z t k

6.51 269

Results of the whole-brain analysis for the control of trust versus distrust
(trust > distrust, distrust > trust), FWE-corrected p = .05, 10-voxel extent.
ACC, anterior cingulate cortex; mPFC, medial prefrontal cortex; vimPFC,
ventromedial prefrontal cortex; R, right hemisphere
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Individuals who tended to evaluate faces as more trustworthy
following the control-of-trust task exhibited greater PrC activ-
ity during the control-of-trust task than did individuals who
did not tend to evaluate faces as more trustworthy following
that task [#(57) = .430, p = .001]. The association between
change in trust and PrC activity remained statically significant
when face name memory scores and days between sessions
were entered as covariates [#(57) =3.61, p <.001, 26 voxels].

Individual differences in control of distrust Whole-brain
(unmasked) analysis revealed that greater change in trustwor-
thiness evaluations was associated with greater activation
within the left IFG [¢(57) = 4.58, p < .001, 221 voxels] and
left inferior temporal gyrus [#(57) = 3.74, p <.001, 21 voxels]
(Table 3 and Fig. 3B). Individuals who tended to evaluate
faces as less trustworthy following the control-of-distrust task
exhibited greater IFG activity during that task than did indi-
viduals who did not tend to evaluate faces as less trustworthy
following the task (» = —.518, p < .001). These results
remained significant when we included face name memory
and the number of days between sessions as covariates
[((55) =4.45, p <.001, 221 voxels].

Exploratory functional connectivity analysis

A psychophysiological interaction (PPI) analysis (Friston
et al., 1997) was performed to identify the functionally con-
nected neural networks associated with the control of trust or
distrust. This analysis focused on brain regions where BOLD
signal was found to be associated with individual differences
in control-of-trust and control-of-distrust scores. Therefore,
the PrC was specified as the seed region for the control-of-
trust condition, and the left IFG was specified as the seed
region for the control-of-distrust condition. For the PrC, we
extracted signals by performing a conjunction analysis (based
on the group analysis) using the trust > age evaluation contrast
(across all participants), and a regression analysis with

Table 3 Individual differences in the control of interpersonal social
attitudes
MNI

Anatomical Region LR x y z t k
Trust

PrC/PCC L -12 42 32 3.67 41
Distrust

IFG L =50 26 16 458 221

Inferior temporal gyrus L -38 6 -36 374 21

Results of the whole-brain analysis for individual differences in the con-
trol of social attitudes. Significance threshold: p = .001, 20-voxel extent.
PrC, precuneus; PCC, posterior cingulate cortex; IFG, inferior frontal
gyrus; L, left hemisphere
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change-in-trust scores predicting control-of-trust activity
(MNI: —10, —44, 32) [¢(57) = 3.28, p < .001, 54 voxels]. For
the distrust PPI analysis, BOLD signal changes from the left
IFG were extracted by performing a conjunction analysis
(based on the group analysis) using the distrust > age evalua-
tion contrast (across all participants) (MNI: —50, 24, 16), [#(57)
= 4.55, p <.001, 153 voxels]. For each conjunction group
analysis, the peak cluster was selected using a p = .01 statis-
tical threshold for each analysis, resulting in a per-voxel sta-
tistical threshold of p = .0001. For each participant, the signal
was extracted from the entire PrC cluster (MNI: —10, —44, 32;
54 voxels) and the entire IFG cluster (MNI: =50, 24, 16; 153
voxels). Next, we performed a regression analysis with
change-of-trust or change-of-distrust scores as the indepen-
dent variable, and either PrC or IFG connectivity entered as
the dependent variable. This approach served to elucidate the
patterns of brain connectivity associated with individual dif-
ferences in change-of-trust or change-of-distrust scores,
respectively.

The results of a whole-brain (unmasked) analysis are listed
in Table 4 and presented in Supplementary Fig. 2. Individual
differences in the change-of-trust scores were associated with
increased PrC connectivity within a large distributed network,
including the left mPFC, bilateral dorsolateral PFC (dIPFC),
left inferior parietal lobe (IPL), left ACC, and right superior
frontal gyrus. This finding indicates that the PrC is more
connected with these brain regions in individuals who
tended to evaluate faces as more trustworthy than in
individuals who did not tend to evaluate faces as more
trustworthy. No brain regions were less connected with the
PrC.

For the control-of-distrust condition, individual differences
in the change-of-distrust scores were associated with in-
creased IFG negative connectivity with two brain regions:
the right dmPFC and right temporopolar area. It is important
to note that this pattern of “negative connectivity” refers to the
IFG exhibiting a negative association with activity in other
brain regions during the control-of-distrust condition, which
may represent regulatory function. No brain regions were pos-
itively connected with the IFG.

Discussion

This study was designed to investigate the ways that people
exhibit control over the interpersonal social attitudes of trust
and distrust. Both the control-of-trust and control-of-distrust
conditions were associated with greater TPJ, mPFC, insula,
and inferior and lateral frontal cortical activity than was the
evaluation-of-age condition. The control-of-trust condition
was associated with greater vimPFC activity compared to the
control-of-distrust condition. Additionally, we found that
individual differences in change-of-trust scores were
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Fig. 3 (A) Individual differences a
in change-of-trust scores

Individual differences in the control of trust and precuneus activity

associated with precuneus (PrC)
activity during the control-of-trust
condition as compared to the age
evaluation condition. The image
depicts the cluster within the PrC.
Change-in-trustworthiness values
are plotted on the x-axis in the
right panel, and PrC contrast
estimates are plotted on the y-axis.
(B) Individual differences in
change-of-distrust scores
associated with inferior frontal
gyrus (IFG) activity during the

y =0.0749x + 0.0335
R*=0.185

control-of-distrust condition as b
compared to the age evaluation

condition. The image depicts the
cluster within the left IFG.
Change-in-distrust scores are
plotted on the x-axis in the right
panel, and left IFG contrast
estimates are plotted on the y-axis

Signal

Scores ®

y =-0.129x - 0.066
08 R?=0.2679

associated with greater PrC activity, whereas individual differ-
ences in change-of-distrust scores were associated with

Table 4  Functional connectivity analysis

MNI
Anatomical Region L/ R x
y z t k
Precuneus Connectivity—Positive
ACC/mPFC L -2 32 32 360 147
dIPFC L 40 28 24 376 143
R 40 32 36 372 137
IPL L -56 —46 46 3.61 56
Superior frontal gyrus—medial R 8 60 26 3.69 56

segment
Superior frontal gyrus

=
oo
(%)
(=3
[
)

397 52
R 10 26 68 4.09 45

IFG Connectivity—Negative

dmPFC R 32 0 22 421 118

Temporopolar area R 36 14 26 3.58 30

Results of the whole-brain analysis for the functional connectivity of
individual differences in control of trust and distrust. Significance thresh-
old: p = .001, 20-voxel extent. ACC, anterior cingulate cortex; mPFC,
medial prefrontal cortex; dIPFC, dorsolateral prefrontal cortex; IPL, infe-
rior parietal lobule; dmPFC, dorsomedial prefrontal cortex; L, left hemi-
sphere; R, right hemisphere

greater IFG activity. Combined, these findings provide new
information about the brain mechanisms engaged when peo-
ple make efforts to change their social attitudes.
Behaviorally, faces paired with the distrust instruction were
subsequently evaluated as less trustworthy. This finding is
consistent with evidence that negative social cues are more
salient than positive social cues (Baumeister et al., 2001;
Pecters & Czapinski, 1990). Recent behavioral research on
the processing of ambiguous facial expressions supports the
initial-negativity hypothesis, which suggests that ambiguous
emotional stimuli are initially categorized as negative, and that
positive category decisions are made by “overriding” this de-
fault impulse (Neta, Davis, & Whalen, 2011; Neta & Whalen,
2010; Tottenham, Phuong, Flannery, Gabard-Durnam, & Goff,
2013). Thus, positive evaluations add an extra layer of regula-
tory influence. Overall, the initial-negativity hypothesis de-
scribes that negative evaluations of ambiguous emotional
stimuli may reflect the engagement of automatic, reflexive
processes, whereas positive evaluations of ambiguous
emotional stimuli may reflect the engagement of regula-
tory control processes. These observations and interpreta-
tion are consistent with evolutionary models of human
social cognition describing the prioritization of negative
social information over positive social information
(Baumeister et al., 2001). Combined, the present findings
suggest that distrust may be a more salient negative social
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cue. It may therefore be processed more automatically,
quickly, and strongly than cues to trust.

Within the brain, increased TPJ, mPFC, IFG, PrC, and
insula activity was observed during the control of trust and
distrust than during the evaluation of age. These brain regions
encompass the mentalizing system, which is thought to facil-
itate the way that the mental states of others are read and
interpreted, such as during theory of mind and perspective
taking (Frith & Frith, 2006; Van Overwalle & Baetens,
2009). The TPJ is involved in theory of mind (Apperly, Sam-
son, Chiavarino, & Humphreys, 2004; Delgado et al., 2005;
Fletcher et al., 1995; Rilling, Sanfey, Aronson, Nystrom, &
Cohen, 2004; van Veluw & Chance, 2014)—that is, in think-
ing about the mental states of others. The present findings
strengthen existing models associating the TPJ with the inter-
pretation of mental states. When participants were asked to
think about intentions (either positive or negative), they ex-
hibited greater TPJ activity than when they were evaluating
the age of people in photographs.

Extant data have demonstrated that the mPFC/vmPFC is
involved in mentalizing, and in particular in determining
boundaries between the self and others (Amodio & Frith,
2006). The vmPFC was more active during the control-of-
trust condition than during the control-of-distrust condition.
Recent evidence has linked the vmPFC with the way that
trust-based decisions are made. For example, individuals with
damage to the vimPFC show increased risk-taking during the
trust task and decreased reciprocity, as measured by lower
back-transfers during the trust game (Moretto, Sellitto, & di
Pellegrino, 2013), and we have recently shown that vmPFC
gray matter volume is associated with individual differences
in the tendency to trust others (Haas, Ishak, Anderson, &
Filkowski, 2015). The mPFC has also been implicated in emo-
tion regulation (Goldin et al., 2008; Ochsner & Gross, 2005;
Ochsner et al., 2004). Together, these findings support the role
of the vmPFC in social evaluation, trust-based decision-mak-
ing, and emotion regulation, and suggests that the vimPFC
may be more involved in efforts to control trust than in efforts
to control distrust.

Increased insula activity during the control-of-distrust con-
dition was found, relative to the age evaluation condition. This
finding is consistent with several studies associating insula
activity with the processing of negative social and emotional
information, such as pain and anxiety (Simmons, Matthews,
Stein, & Paulus, 2004; Wiech et al., 2010). The insula is
broadly involved in the subjective experience of emotions
(Craig, 2011; Gu, Hof, Friston, & Fan, 2013) and has often
been shown to be active during the processing of negative
emotions (Duerden, Arsalidou, Lee, & Taylor, 2013). The
insula is also involved in interoceptive processing (Craig,
2003), emotional forms of empathy (Gu et al., 2012), and
emotion regulation (Goldin et al., 2008; Ochsner & Gross,
2005; Ochsner et al., 2004). In relation to trust, there is
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evidence that the insula is involved in modifying trust-based
decisions (Adolphs, 2002; Castle et al., 2012; Dimoka, 2010),
and some recent studies have shown that the insula plays roles
in both trust (Killgore et al., 2013) and distrust (Winston et al.,
2002). Together, these findings indicate that the insula may
facilitate negative emotion attribution and heightened arousal
when forming negative interpersonal social attitudes about
others.

We did not observe greater amygdala activity during the
control-of-distrust condition, where previous trust studies
have shown increased amygdala activation in response to
faces evaluated as both trustworthy and untrustworthy (Rule
etal.,2013; Winston et al., 2002). It is currently unknown how
task instructions to control the attitude of distrust may affect
the way that the amygdala functions, and this remains an open
question for future research. Previous research has shown that
explicit cognitive tasks that involve the appraisal and/or reap-
praisal of faces may modulate amygdala activity (Chen et al.,
2006; Habel et al., 2007; Hariri, Mattay, Tessitore, Fera, &
Weinberger, 2003; Lange et al., 2003). Therefore, in this task,
which involves the explicit evaluation and control of interper-
sonal social attitudes, we did not predict that the amygdala
would be differentially activated between conditions.

In this study we also explored the association between in-
dividual differences in change-of-trust scores and brain activ-
ity. PrC activity was associated with individual differences in
change-of-trust scores during the control-of-trust condition.
That is, individuals who evaluated faces as more trustworthy
following the control-of-trust task exhibited increased PrC
activity relative to individuals who tended not to change their
trustworthiness evaluations. The function of the PrC is cur-
rently unclear; however, several current theoretical models
associate the PrC with mentalizing, social evaluation, and
self-awareness (Immordino-Yang, 2011; Uddin, Tacoboni,
Lange, & Keenan, 2007). Recent empirical evidence has dem-
onstrated the PrC to be active during the subjective evaluation
of social stimuli (Kuzmanovic et al., 2012). Kuzmanovic and
colleagues showed that “verbal influence” was associated
with greater PrC activity during impression formation. These
findings indicate that the PrC may be particularly important to
translate cognitive—semantic information to the formation of
complex social attitudes, such as whether to trust another per-
son or not.

Individual differences in change-of-distrust scores were as-
sociated with left IFG activity. This may indicate increased
engagement of cognitive control in individuals who tend to
change their distrust evaluations. A broad array of functions
are associated with the IFG, including the processing of social
context (Norris, Chen, Zhu, Small, & Cacioppo, 2004), judg-
ments of trustworthiness and attractiveness (Bzdok et al.,
2012), emotion regulation (Goldin et al., 2008), and trait attri-
bution (Mitchell et al., 2005). Lateralization to the left IFG
may be due to the region’s involvement in inner speech, as a
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part of Broca’s area. Specifically, individuals may be engaging
in inner speech while they actively think about distrusting the
individual depicted. In terms of connectivity, there is evidence
that the IFG is functionally connected with the TPJ during
theory-of-mind tasks (McCleery, Surtees, Graham, Richards,
& Apperly, 2011). The results from this study support the role
of the IFG in the cognitive control and the valuation of atti-
tudes of trust and distrust. However, our findings suggest that
the left IFG may be particularly important when controlling
negatively valenced social attributes (e.g., distrust).

Exploratory functional connectivity analyses designed to
identify connected neural networks that are associated with
individual differences in the tendency to change trustworthi-
ness evaluations have demonstrated that individuals who
changed trustworthiness evaluations tended to show increased
PrC connectivity with the mPFC, dIPFC, IPL, ACC, and su-
perior frontal gyrus. The engagement of this broad neural
network may represent the way that the PrC functions to con-
solidate social attitudes. Additionally, it is likely that people
varied in the types of strategies used to mentalize about
trusting each person depicted in the photograph. Although this
was not explicitly explored, future studies should investigate
the specific strategies used in this task.

Several important limitations of this study warrant consid-
eration. First, throughout this study, trust and distrust were
characterized differently. During the pre- and postscan evalu-
ation tasks, trust and distrust were operationalized along a
single continuum, whereas during the fMRI control-of-trust
task, trust and distrust were treated as dissociable constructs.
It is currently unclear whether trust and distrust can be con-
sidered unidimensional or independent from one another. This
study provides a basis to investigate the psychological factors
that differentially affect evaluations of trust and distrust. Ad-
ditionally, in using the 7-point Likert scale to obtain a behav-
ioral metric to measure trust, there is a limit on the amount of
change that can be achieved from the pre to post trust scores,
depending on the initial rating. For example, if a participant
initially rated an individual as highly trustworthy (e.g., a rating
of 7), an effect of the instruction to trust would no longer be
possible, since the participant had already reached the ceiling
of trustworthiness.

The study included both men and women. Behaviorally,
we found no significant differences in the pre or the post trust
evaluation ratings between male and female participants.
However, differences in the ratings based on the sex of the
stimuli were observed, in that female faces were rated as more
trustworthy than male faces. Previous studies have shown
differences between the sexes during trust-related tasks (Riedl
et al., 2010), and thus it is important to consider the associa-
tion between the sexes of the rater and target for future studies.
Differences within the brain have also been reported between
the sexes (Riedl et al., 2010). Although it is not within the
scope of the present study, it will be important for future

studies to investigate potential neural differences associated
with the sex of raters and the sex of the targets using the
present paradigm. This study was limited to the evaluation
of faces. Additional behavioral measures that involve social
interaction may further elucidate the relationship between
brain function and control of interpersonal trust. Trustworthi-
ness evaluations were measured via self-report. Future models
of trust behavior will be improved by the inclusion of trust
tasks that involve conditions in which participants are asked to
trust others implicitly and behaviorally (e.g., reaction time
judgments).

The face name memory task was used to quantify each
participant’s ability to remember semantic information paired
with images of faces. This task is in accordance with several
other studies designed to measure how people remember the
names of faces (Chua, Schacter, Rand-Giovannetti, &
Sperling, 2007; Miller et al., 2008; Rentz et al., 2011). Given
that there was a 1/3 chance of correctly guessing the name, it
would be advantageous to quantify memory using other
procedures, such as with implicit subconscious methods or
with free recall in future studies. The face name memory
task may not be ideal to capture all memory processes
specific to this task. For example, another approach would
be to explicitly ask each participant whether he or she
remembered what instruction was paired with each face.
Additionally, it may have been advantageous to incorporate
trustworthiness judgements of the faces used within the face
name memory task within the individual differences analyses
in this study. Finally, the control-of-trust task did not involve
any behavioral response, and participants were not asked
about the strategies they had used during the task. This leaves
open the possibility that the strategies that were used to control
trust were highly variable. From one perspective, this provid-
ed additional support to investigate individual differences;
however, it is also considerably challenging to clearly under-
stand mental processes without behavioral metrics during the
task.

It is also currently unknown how the results may have been
affected if the instruction to trust or distrust came from a dif-
ferent individual. For example, the instruction to trust or dis-
trust may be more salient if it is expressed by a close relative
or friend rather than by a stranger or lesser-known acquain-
tance. Future research is needed to understand how the source
of the instructions may affect the control of interpersonal so-
cial attitudes.

In conclusion, this study provides evidence that the way in
which interpersonal attitudes of trust and distrust are changed
relies on brain regions within the mentalizing system, includ-
ing the TPJ, mPFC, insula, and inferior and lateral frontal
cortices. Additionally, individual differences in changing atti-
tudes of trust are associated with PrC activity, and individual
differences in changing attitudes of distrust are associated with
IFG activity. These findings strengthen existing social—
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cognitive brain models and provide a basis for future research
on the neuroscience of interpersonal social attitudes.
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