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Abstract

Considering advice from others is a pervasive element of human social life. We used the judge-
advisor paradigm to investigate the neural correlates of advice evaluation and advice integration by
means of functional magnetic resonance imaging. Our results demonstrate that evaluating advice
recruits the “mentalizing network,” brain regions activated when people think about others’ mental
states. Important activation differences exist, however, depending upon the perceived competence
of the advisor. Consistently, additional analyses demonstrate that /ntegrating others’ advice, i.e.,
how much participants actually adjust their initial estimate, correlates with neural activity in the
centromedial amygdala in the case of a competent and with activity in visual cortex in the case of
an incompetent advisor. Taken together, our findings, therefore, demonstrate that advice evaluation
and integration rely on dissociable neural mechanisms and that significant differences exist
depending upon the advisor’s reputation, which suggests different modes of processing advice
depending upon the perceived competence of the advisor.
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Few things are as central to our everyday lives as judgment and decision-making. Often,
however, we do not make these judgments and decisions alone but receive advice from
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others, sometimes because we actively consult experts, sometimes because others
spontaneously offer advice. While integrating the advice of others into our judgments and
decisions is, thus, an essential process of everyday life, relatively little is known about the
processes that underlie advice-taking. Behaviorally, advice-taking has been investigated
extensively in social psychology using the so called “judge-advisor system” (JAS: Sniezek
& Buckley, 1995). In this paradigm, a person (the “judge”) first makes a decision or
judgment, then receives advice from another person (the “advisor”) and, subsequently, has
the opportunity to revise her initial judgment. Comparing the judge’s final and initial
estimates allows calculating the “weight (assigned to a given piece) of advice” (WOA,;
Yaniv, 2004a).

Research using the JAS has shown that heeding advice is usually beneficial as it leads to
better judgments and decisions (Sniezek, Schrah, & Dalal, 2004; Yaniv, 2004b). It has also
provided us with a good understanding of the situational and personal factors that influence
the degree to which advice is taken into account (for a review, see Bonaccio & Dalal, 2006).
However, little is known about the cognitive processes that are involved in advice-taking.
The only existing models of advice-taking (Jungermann & Fischer, 2005; Soll & Larrick,
2009) are prescriptive in that they are more interested in predicting under which
circumstances and to what degree judges utilize advice, but do not elaborate on the
underlying neural mechanisms. More general theories in judgment and decision-making
research suggest that belief updating includes two consecutive processes, namely
information evaluation and information integration (Anderson, 1991; Hogarth & Einhorn,
1992). Applying this idea to the JAS suggests that advice is first evaluated with regard to its
quality based on different information such as the advisors’ expertise or reputation and then
integrated. This second step, advice integration, can be thought of as the process of
computing a weighted mean of the advice and the initial judgment. Plausibly, the weights
assigned to the advice on one hand and the initial judgment on the other depend on the
perceived quality of advice, derived during advice evaluation, as well as the judge’s
confidence in the initial estimate.

Although advice evaluation and advice integration are conceptually different processes, they
are difficult—if not impossible—to differentiate using a purely behavioral approach. In light
of the important conceptual differences, however, we hypothesize advice evaluation and
advice integration to rely on different neural mechanisms. To test this hypothesis, we
employed event-related functional magnetic resonance imaging (fMRI) to investigate and
differentiate the neural correlates of advice evaluation and advice integration. Furthermore,
we were interested to explore the impact of the advisor’s expertise on the neural mechanisms
of advice-taking, as the advisor’s reputation has been shown to strongly influence advice-
taking in previous research (Harvey & Fischer, 1997; Yaniv & Kleinberger, 2000). Here, an
intriguing possibility is that differences in (perceived) advisor competence lead to
differences in neural activations (cf. Klucharev, Smidts, & Fernandez, 2008) implicating
different modes of processing for competent and less competent advisors.

To these ends, we developed an fMRI-compatible version of the JAS, in which participants
had to estimate distances between pairs of European capitals and were subsequently given
(1) the possibility to reflect upon their own initial judgment and revise it (no advice) or (2)
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were given advice from an allegedly (2a) incompetent or (2b) competent advisor (reputation
of advisor: COM vs. INCOM) and the subsequent possibility to revise their own initial
judgment (Figure 1). In order to investigate the neural correlates of advice evaluation, we
employed a general linear model (GLM)-based subtraction analysis, which allows
contrasting regional brain activation during the evaluation of one’s own initial judgment with
those during the evaluation of advice provided by either a competent or incompetent advisor.
In order to also explore the neural correlates of advice integration, we used a second set of
statistical analyses employing a model-based approach: here, the weight assigned by
participants to a given piece of advice (WOA) was calculated for each trial and used to
construct a parametric regressor to search for brain regions, whose hemodynamic response
profile co-varies with the extent to which participants actually adjust their initial judgment to
the advice.

METHODS

Participants

Twenty-seven right-handed, healthy volunteers (aged 21-50, mean age: 28.26; 16 females)
with no record of neurologic or psychiatric illness participated in this fMRI study. All
volunteers were naive with respect to the experimental task as well as to the purpose of the
study. Handedness was confirmed using the Edinburgh Handedness Questionnaire (Oldfield,
1971). All subjects gave informed written consent to the study protocol, which had been
approved by the local ethics committee of the Medical Faculty of the University of Cologne,
Germany.

Experimental protocol

Before participation, all participants received standardized instructions and were
familiarized with the task on a laptop computer. Participants were instructed that they would
be asked to estimate the distance between pairs of European capitals in kilometres (Figure
1a) and to enter their initial estimate by pressing buttons on an MRI-compatible response
pad (LumiTouch, Burnaby, Canada) to generate a four-digit number (Figure 1b). In order to
ensure that four buttons had to be pressed during each trial, numbers smaller than four-digit
numbers had to be started by pressing the zero-button an adequate number of times. Before
starting the scanning sessions participants were given time to familiarize themselves with the
MRI-compatible response pad. After having provided the initial estimate, participants were
either given the opportunity to re-evaluate their own initial judgment, which was shown to
them on the stimulus screen, or would be given advice also presented on the stimulus screen,
i.e., they would be informed about the estimate of one of two other participants concerning
the given pair of European capitals (Figure 1c). In order to assign two advisors to each
participant before the scanning session, we implemented a computerized mock random
generator, which was said to determine the advisors’ names, whose estimates would later be
shown to the study participant inside the scanner. Unbeknownst to the subjects, the random
generator always assigned two same-sex advisors, who were described as either being the
7th or the 73rd best of an alleged group of 100 participants, who, as the participants of the
fMRI study were told, had taken part in a pilot study leading up to the neuroimaging
experiment. In spite of this suggestion, the advice provided during scanning was, in fact,
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algorithmically varied as a function of the initial judgment provided by the participant and
could deviate by either 20 or 60% from the initial judgment. After being presented with the
advice or the possibility to rethink their own initial judgment, participants were given the
opportunity on each trial to change or confirm their initial judgment by again pressing the
buttons on the response pad (Figure 1d). No feedback about the actual distance between the
two cities was given to the participant on any given trial. The interstimulus interval (ISI) was
jittered between 2 s and 6 s. During the experiment, 60 trials were presented in a fully
randomized order. All visual stimuli were presented during scanning using the software
package Presentation (Version 11.3; Neurobehavioral Systems, Albany, CA, USA) and were
displayed on a custombuilt, shielded TFT screen at the rear end of the scanner room visible
via a mirror mounted to the head coil (~12° x 8° viewing angle, 245 mm distance from the
subject’s eyes).

Behavioral data analysis

The dependent variable was the WOA calculated as the absolute value of the change
between initial and final judgment in relation to the absolute distance between the initial
judgment and the advice given for each trial:

WOA = abs((final judgment — initial judgment) / (advice — initial judgment))

The WOA assumes a value of 0 when final and initial judgments are identical, i.e., when the
judge completely ignores the advice given. In cases where the judge adjusts completely to
the advice given, the WOA value becomes 1, whereas values >1 indicate that the final
judgment has been adjusted so strongly that it surpasses the given advice. The WOA is used
as a measure of advice utilization in almost all previous behavioral studies on advice-taking
(e.g., Gino, 2008; Gino & Moore, 2007; Gino, Shang, & Croson, 2009; Harvey & Fischer,
1997; See, Morrison, Rothman & Soll, 2011; Yaniv, 2004b). The behavioral measurements,
i.e., the initial and final distance judgments, obtained during the fMRI experiment were
analyzed off-line using MATLAB (MathWorks, Natick, MA, USA). The effect of the
experimental factor (reputation of advisor: COM vs. INCOM) on WOA values was
compared by means of a repeated measures analysis of variance (repeated measures
ANOVA).

Functional magnetic resonance imaging

Images were acquired on a Siemens Trio 3T whole-body scanner (Erlangen, Germany) using
blood-oxygen-level-dependent (BOLD) contrast (Gradient-echo planar imaging (EPI) pulse
sequence, TR = 2200 ms, in plane resolution = 3.1 x 3.1 mm, 36 axial slices, 3.1 mm
thickness) covering the whole brain. Image acquisition was preceded by four dummy images
allowing for magnetic field saturation. These were discarded prior to further processing.
Images were analyzed using Statistical Parametric Mapping (SPM8) (www.fil.ion.ucl.ac.uk/
spm). First, the EPI images were corrected for head movements by affine registration using a
two-pass procedure, by which images were initially realigned to the first image and
subsequently to the mean of the realigned images. After realignment, the mean EPI image
for each subject was spatially normalized to the Montreal Neurological Institute (MNI)
single subject template using the “unified segmentation” approach (Ashburner & Friston,

Soc Neurosci. Author manuscript; available in PMC 2021 March 25.


http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schilbach et al.

Page 5

2003). The resulting parameters of a discrete cosine transform, which define the deformation
field necessary to move the subjects’ data into the space of the MNI tissue probability maps,
were then combined with the deformation field transforming between the latter and the MNI
single subject template. The ensuing deformation was subsequently applied to the individual
EPI volumes that were hereby transformed into the MNI single subject space and resampled
at 2 x 2 x 2 mm3 voxel size. The normalized images were spatially smoothed using an 8 mm
full-width half-maximum (FWHM) Gaussian kernel to meet the statistical requirements of
the GLM and to compensate for residual macro-anatomical variations across subjects.

The fMRI data were analyzed using a GLM as implemented in SPM8. Each experimental
condition was modelled using a series of stick-functions denoting the individual events.
These were convolved with a canonical hemodynamic response function (HRF) and its first-
order temporal derivative. Low-frequency signal drifts were filtered using a cut-off period of
128 s. Parameter estimates were subsequently calculated for each voxel using weighted least
squares to provide maximum likelihood estimators based on the temporal autocorrelation of
the data (Kiebel & Holmes, 2003). No global scaling was applied. For each subject, simple
main effects for each experimental condition were computed by applying appropriate
baseline contrasts. These individual first-level contrasts were then fed into a second-level
group-analysis using an ANOVA (factor: condition, blocking factor: subject) employing a
random-effects model. In the modelling of variance components, we allowed for violations
of sphericity by modelling non-independence across images from the same subject and
allowing unequal variances between conditions and subjects using the standard
implementation in SPM8. The resulting SPM(T) maps were interpreted by referring to the
probabilistic behavior of Gaussian random fields (Worsley et al., 1996) and thresholded at p
<.05 (cluster-level corrected for multiple comparisons). The cluster-forming threshold at the
voxel-level was set to g,c < .001.

On the group level, two sets of specific statistical analyses were conducted: the first set of
analyses investigated categorical differences between the experimental conditions in order to
assess the neural signature of advice evaluation. In order to do so, our analysis was tailored
to the event during each trial, in which participants were presented with their own initial
judgment (SELF) or the advice given by either a competent (COM) or incompetent advisor
(INCOM) (Figure 1c). Consequently, the main effect of SELF, COM, and INCOM were
calculated. To assess activation differences between the three conditions appropriate
contrasts were used (SELF > COM, SELF > INCOM; COM > SELF, COM > INCOM,;
INCOM > SELF, INCOM > COM; (INCOM + COM) > SELF; SELF > (INCOM + COM)).
Furthermore, we analyzed the commonality across all three conditions (SELF N INCOM N
COM) by means of a conjunction null analysis thresholded at p < .05 (family-wise error
(FWE) corrected for multiple comparisons).

The second set of analyses used a model-based approach to investigate the neural correlates
of advice integration. Here, we used the WOA value calculated for each trial to also
construct a regressor, which investigates the parametric modulation of general advice
processing by WOA and, thus, allows to search for brain regions, whose hemodynamic
response in relation to advice presentation co-varies with the extent to which participants
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actually adjust their initial judgment to that of either the competent (WOA_COM) or
incompetent (WOA_INCOM) advisor.

Functional activations were anatomically localized by using the SPM anatomy toolbox
(Eickhoff et al., 2007) employing a maximum probability map (MPM). This map (Eickhoff,
Heim, Zilles, & Amunts, 2006) denotes the most likely anatomical area at each voxel of the
MNI single subject template based on probabilistic cytoarchitectonic maps derived from the
analysis of cortical areas in a sample of 10 human post-mortem brains, which were
subsequently normalized to the MNI reference space. If no cytoarchitectonic maps were
available, the macro-anatomical labels are provided by the Automated Anatomic Labeling
(AAL) atlas (Tzourio-Mazoyer et al., 2002).

Behavioral data

Mean WOA values calculated from the behavioral data obtained during scanning are shown
in Figure 2. Repeated measures ANOVA of WOA values showed a significant main effect of
the reputation of the advisor (COM vs. INCOM; F(1, 26) = 41.527, p < .001), indicating a
stronger adjustment of the initial judgment towards advice given by the competent advisor.

Neural correlates of advice evaluation

Conjunction analysis—By applying a conjunction analysis across all three experimental
conditions focusing on the event during which either advice was provided or the participant
was shown her own initial judgment on the stimulus screen (SELF N INCOM N COM), i.e.,
the moment of advice evaluation, the conjunction analysis demonstrates involvement of a
neural network including dorso-medial prefrontal, inferior parietal and medial temporal
cortices bilaterally, inferior and middle frontal gyrus bilaterally, and the precuneus (Figure
3a, Table 1).

Competent vs. incompetent advisor—Significant activation differences are also
observed when contrasting advice evaluation in the case of a competent to the case of an
incompetent advisor (COM > INCOM): here, a differential increase of neural activity is
observed in the left inferior parietal lobe (IPL) predominantly in the left hemisphere, in the
supplementary motor area (SMA), and anterior cingulate cortex (ACC). Also, a differential
effect is seen in the substantia nigra (SN), the ventral tegmental area (VTA), and the ventral
striatum (VS) (Figure 3b, Table 1). The inverse contrast (INCOM > COM) demonstrated a
differential increase of neural activity in the left insula and right cuneus (not illustrated,
Table 1).

Advice vs. no advice—Our first set of analyses further explored differences between
being presented with one’s own initial judgment as compared to being presented with advice
(regardless of whether this was provided by a competent or an incompetent advisor): here,
our results demonstrate that being presented with advice ((COM + INCOM) > SELF) leads
to a differential increase in a bilateral fronto-parietal network including right and left middle
frontal gyri and inferior parietal cortex, the ACC, the VTA, and the caudate nucleus
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bilaterally (Figure 3c; see Table 1). Using the inverse contrast, i.e., investigating brain
regions which show a differential increase of neural activity when presented with one’s own
initial jJudgment as compared to being presented with advice (SELF > (COM + INCOM)),
demonstrates involvement of visual and motor cortices, the precuneus and the right temporo-
parietal junction (TPJ) (Figure 3d; see Table 1).

Neural correlates of advice integration—The second set of analyses used a parametric
modulation to investigate the neural correlates of advice integration by taking into
consideration the WOA values that were calculated for each trial, during which advice was
provided to the participant. This model-based analysis demonstrates that adjusting to the
competent advisor’s opinion (WOA_COM) correlates with neural activity in the right
centromedial amygdala (CMA) and the left inferior frontal gyrus (Figure 4a; see Table 2)
while adjustment to the incompetent advisor’s opinion (WOA_INCOM) correlates with
neural activity in primary visual and inferotemporal cortices (Figure 4b; see Table 2).

It should be noted that the localization of neural activity to the centromedial portion of the
amygdala needs to be interpreted with caution given the current resolution of fMRI and the
susceptibility of the medial temporal lobe to imaging artefacts. Nevertheless, the applied
histological atlas allows anatomical allocation in a probabilistic fashion, hereby
accommodating some of the uncertainty in establishment of structure-function relationships
(cf. Amunts et al., 2005; Eickhoff et al., 2005). Moreover, this approach has already been
repeatedly shown to allow the attribution of functional activation to specific parts of the
amygdala (Muller et al., 2011; Mutschler et al., 2010; Roy et al., 2009).

DISCUSSION

We have used fMRI in conjunction with the well-established judge-advisor paradigm to
investigate the neural correlates of advice-taking. Specifically, we aimed at differentiating
the neural substrate of advice evaluation, i.e., assessing the quality of advice, from the neural
substrate of advice integration, i.e., combining advice and the initial judgment into a final
judgment, and at investigating differences in advice evaluation and integration depending
upon the perceived competence of the advisor. While the evaluation of advice—irrespective
of the advisor’s reputation—recruits dorso-medial prefrontal and temporo-parietal cortices,
evaluation of advice coming from an allegedly competent as compared to an incompetent
advisor leads to recruitment of IPL, nigrostriatal areas, SMA, and the anterior insula.
Similarly, differences in the underlying neural correlates also exist for advice integration:
here, our results demonstrate that adjustment of one’s own initial judgment correlates with
activity change in the right CMA in the case of a competent advisor and with activity change
in visual and inferotemporal cortex in the case of an incompetent advisor.

Neural correlates of advice evaluation

As the neural correlate of advice evaluation our study implicates the involvement of a neural
network, which bears strong resemblance with what has been described as the “mentalizing
network,” a set of brain regions known to become active when people think about other
people’s mental states (e.g., Frith & Frith, 2008; Spreng & Grady, 2010; Van Overwalle,
2009). Indeed, the evaluation of the quality of advice given to us might be closely linked to
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our assessment of the advisor’s putative mental states, most notably her reasoning behind the
advice (Yaniv, 2004a) or her intentions, i.e., whether she might be inclined to offer helpful
rather than misleading pieces of information (van Swol, 2009). Consistent with previous
research suggesting that similar processes may underlie thinking about oneself and others
(e.g., Benoit, Gilbert, Volle, & Burgess, 2010), the neural network observed to underlie
advice evaluation (regardless of the nature of the advisor) is also (at least in part) recruited
during situations when participants are presented with their own initial judgment as
evidenced by the triple conjunction analysis (e.g., Lombardo et al., 2010; Spreng, Mar, &
Kim, 2009).

When contrasting whether evaluation was concerned with advice provided by others as
compared to those situations when participants were faced with their own initial judgment,
our analysis shows a differential recruitment of a fronto-parietal network commonly
described as the neural correlate of top—down control of attention in the former case (e.g.,
Corbetta, Patel, & Shulman, 2008), suggesting that assessment of advice coming from others
might be an attentionally more demanding exercise. The fronto-parietal network, however,
has also been implicated in a wide range of other tasks (e.g., mental calculation, control of
eye-movements, action monitoring, working memory) and has been described as the “task-
positive” or “extrinsic” network to denote its recruitment during goal-directed tasks, which
require processing of externally presented rather than endogenously generated stimuli (e.g.,
Boly et al., 2007; Fox et al., 2005).

Furthermore, the contrast comparing advice evaluation to the contemplation of one’s own
initial estimate demonstrates involvement of the caudate nuclei, which have previously been
implicated in reward-based learning (e.g., Delgado, Frank, & Phelps, 2005; Ding & Gold,
2010; Sharot, Shiner, & Dolan, 2010) and the acquisition and control of goal-directed
actions (Brovelli, Nazarian, Meunier, & Boussaoud, 2011). Interestingly, the caudate nuclei
have also recently been shown to be relevant for learning and decision-making in a social
context, namely when people learn from other’s experience: in an fMRI study by Canessa,
Motterlini, Alemanno, Perani, and Cappa (2011) it was shown that the caudate nucleus
tracked the outcomes of previously made decisions both in the case of observing others
making such decisions or making them oneself. Consistent with this, findings from a recent
study by Cooper, Dunne, Furey, and O’Doherty (2012) suggest a dissociation between the
involvement of the dorsal and ventral striatum during reward-based decision-making
depending upon the role of the participant, i.e., being an observer or an active participant of
the decision-making process.

The inverse contrast, which targets a differential increase of neural activity related to
thinking about one’s own initial judgment as compared to thinking about advice (regardless
of whether this comes from a competent or incompetent advisor), resulted in activations of
visual cortex, the precuneus and right TPJ. Consistent with our findings, the latter regions
have, indeed, been highlighted as contributing to self-referential processing and the
differentiation between self and other (e.g., Bahnemann, Dziobek, Prehn, Wolf, & Heekeren,
2010; Brass, Ruby, & Spengler, 2009; Giardina, Caltagirone, & Oliveri, 2011,
Lenggenhager, Smith, & Blanke, 2006; Schilbach, Eickhoff, Rotarska-Jagiela, Fink, &
\Vogeley, 2008).
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Furthermore, our analysis of advice evaluation focused on differences between evaluating
advice coming from an allegedly competent as compared to an incompetent advisor (and
vice versa): here, our results, indeed, show striking activation differences for the perception
of a piece of advice coming from a competent or an incompetent advisor. Given that visual
stimulation was identical in both conditions, these differences are likely to be the result of a
top—down modulation. Our findings provide evidence for a differential increase of neural
activity in IPL during the perception of competent as compared to incompetent advice,
predominantly in the left hemisphere. In the context of decision-making, this area is known
to play an important role in integrating prior with current sensory information (e.g.,
Preuschhof, Schubert, Villringer, & Heekeren, 2010). As IPL is known to act as a crucial
interface between action observation and preparation (Kockler et al., 2010; Tunik, Rice,
Hamilton, & Grafton, 2007), even during the performance of an unrelated task (Sinke,
Sorger, Goebel, & de Gelder, 2010), it is tempting to interpret this finding in terms of a
higher computational load being put on regions relevant for the integration and usage of
sensory information for action control and preparation in the presence of advice from a
competent rather than an incompetent person.

Additionally, a differential effect for advice evaluation in the case of a competent as
compared to an incompetent advisor was found in the nigrostriatal system. More specifically
we observed a differential increase of neural activity in the midbrain (SN & VTA) and the
ventral striatum, areas, which are thought be relevant for reinforcement learning by
computing a reward prediction error (e.g., Murray et al., 2008; Schultz, Dayan, & Montague,
1997). Consistent with this suggestion, striatal-midbrain connectivity has actually been
shown to predict how reinforcements are used to guide decisions (e.g., Kahnt et al., 2009).
Interestingly, a recent study by Biele and colleagues (2011) invokes the notion that
evaluations of the outcomes from recommended options will be more positive than non-
recommended options and that the underlying neural correlate of this “outcome-bonus”
consists in activity change in the nigrostriatal system. What this indicates is that advice
provided by others may provide an additional (possibly “intrinsic”) reward (cf. Campbell-
Meiklejohn, Bach, Roepstorff, Dolan, & Frith, 2010; Schilbach et al., 2010), which can
influence decision-making processes. Other research demonstrates that the opinions of
others can lead to social conformity—adjusting our judgments in line with group opinion—
which might also be based on mechanisms of reinforcement learning and engagement of the
VS (Burke, Tobler, Schultz, & Baddeley, 2010; Klucharev, Hytonen, Rijpkema, Smidts, &
Fernandez, 2009). On a more abstract level, these findings are consistent with a proposition
made by Behrens and colleagues (2008), who argue and empirically demonstrate that social
information is acquired using the same associative processes, which are assumed to underlie
reward-based learning.

Our findings add to this most interesting body of evidence by demonstrating that the relevant
midbrainstriatal system is more strongly activated in the presence of an allegedly competent
as compared to an incompetent advisor. This finding is in line with evidence, which suggests
that social reputation has a powerful impact on humans’ behavior and was shown to activate
reward-related neurocircuitry, particularly when participants are asked to act in front of
socially reputable observers (Izuma, Saito, & Sadato, 2008, 2010).
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Neural correlates of advice integration

In a second set of analyses, we took a model-based approach using the WOA value for each
trial, in which advice was given, to construct a parametric regressor, which allows searching
for brain regions, whose hemodynamic responses scale with the magnitude of the WOA
values. This analysis demonstrates that adjusting to the competent advisor’s opinion
correlates with neural activity in the right CMA and left inferior frontal gyrus (Figure 3c).
While the amygdaloid complex is known to play a crucial role in social cognition, emation,
value representation, and decision-making (e.g., Bzdok et al., 2011; Gospic et al., 2011;
Pessoa, 2010; Seymour & Dolan, 2008), the CMA, in particular, plays a crucial role in
modulating various other brain regions relevant for the occurrence of behavioral responses:
e.g., the CMA projects to the midbrain periaqueductal gray (PAG), the hypothalamus and the
brainstem, which are known to coordinate various defensive responses and autonomic
arousal (Misslin, 2003; Mosher, Zimmerman, & Gothard, 2010). Unfortunately, we did not
have any psychophysiological measures (such as skin conductance or heart rate) available
during our study to investigate this further. Also, projections from the CMA exist to the
basal forebrain and, here, provide an important modulatory input to fronto-striatal
dopaminergic neurotransmission relevant for reward-based decision-making (Fudge &
Haber, 2000). Via this mechanism the amygdala has been suggested to directly influence
behavioral responding with the centromedial complex possibly being more relevant for
avoidance-related behaviors and learning (Fudge & Haber, 2000; Gozzi et al., 2010; Prevost,
McCabe, Jessup, Bossaerts, & O’Doherty, 2011). Also, classical conditioning-like learning
processes, which have been closely related to amygdala function, could thereby guide more
sophisticated action-selection processes that underlie judgment and decision-making
processes (Seymour & Dolan, 2008).

In line with the suggestion of an influence of CMA on fronto-striatal circuitry relevant for
decision-making, our analysis demonstrates that activity change in CMA correlates with the
extent to which participants actually adjusted to the competent advisor’s opinion. This
finding is also largely consistent with findings by Biele et al. (2011): in their study it was
found that the amygdala also implemented the “outcome-bonus” observed in the
nigrostriatal system, i.e., a response pattern specific to the added “social” value a decision
might produce. Both results indicate that the amygdala—and in particular its centromedial
complex—is involved in realizing the influence a given advice may have on decision-
making.

Future investigations using the judge-advisor paradigm could include changes of the design
to allow for the investigation of the effective connectivity between CMA and the
nigrostriatal system. In light of the known modulatory effects of oxytocin (OXC) on the
amygdala (e.g., Gamer & Blichel, 2012; Viviani et al., 2011) and a possible relationship of
amygdala activity and the perception of trustworthiness in an advisor (Bzdok et al., 2011),
future studies could also explore OXC’s impact on advice-taking. Similarly, the known
effects of testosterone on amygdalar function (e.g., van Wingen, Ossewaarde, Backstrom,
Hermans, & Fernandez, 2011) could be taken to suggest that single-shot testosterone
administration might be effective in influencing advice-taking, possibly by increasing
egocentric biases (e.g., Wright et al., 2012).
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Concerning the neural correlate of advice integration in the inferior frontal gyrus, it appears
relevant that numerous studies have demonstrated recruitment of inferior frontal cortex
during task switching, response inhibition and cognitive control (Christakou et al., 2009;
Derrfuss, Brass, Neumann, & von Cramon, 2005; Goghari & MacDonald, 2009; Jakobs et
al., 2009; Sridharan, Levitin, & Menon, 2008; Swick, Ashley, & Turken, 2008). More
specifically, evidence suggests that the inferior frontal gyrus can be differentially engaged
when cognitive and motivational signals interact during inhibitory control (Padmala &
Pessoa, 2010; Savine & Braver, 2010; Schulz et al., 2009).

When using the WOA values from trials in which an incompetent advisor’s opinion was
presented to the participants, to perform a parametric analysis, we observe a correlation with
neural activity in visual and inferotemporal cortices. It is noteworthy that activations in these
areas are also found for self-referential processing. This, one might argue, could be taken to
suggest that adjustment to an incompetent person’s advice may rely in part on similar
mechanisms as contemplating one’s own initial judgment. Apart from this speculation,
activity change in visual and inferotemporal cortices has been related to visual imagery (e.g.,
Cichy, Heinzle, & Haynes, 2012) and the acquisition of perceptual expertise (e.g., DeGutis
& D’Esposito, 2007; Suzuki & Tanaka, 2011).

Clearly, our study has limitations: in our task the revealing of the advisor and the revealing
of the advice amount takes place at the same time, which makes it difficult to make strong
claims about the processes that underlie the evaluation of the advisor as compared to the
evaluation of advice per seto be dissociable. While it is debatable whether in everyday life
situations source and content of advice are commonly dissociated, future research could help
to provide evidence in this respect. Another aspect that may be seen to complicate the
interpretation of the fMRI data is uncertainty about when exactly participants compute their
second estimate. It is conceivable that participants computed this already at the time point
when they received the advice not at the second entry screen, thereby requiring the second
estimate to be kept in working memory. However, a similar argument could also be made for
the initial estimate. As we do not have any evidence suggesting that first and second estimate
differ systematically, we treat both estimation periods similarly. Future research could help
to investigate this matter further and could also include assessments of participants’
subjective confidence in their initial estimates in order to investigate its neural basis.

CONCLUSIONS

Taken together, our study provides empirical evidence for the involvement of different neural
networks during advice evaluation and advice integration. Furthermore, our findings suggest
differences depending upon the perceived competence of the advisor: evaluation of advice
coming from an allegedly competent as compared to an allegedly incompetent advisor
differentially engages brain regions that have previously been related to reinforcement
learning and action control. Similarly, significant differences exist in the neural correlates of
advice integration depending upon the advisor’s reputation: in the case of an incompetent
advisor, the neural correlate hints towards a relation to visual imagery suggesting that
participants may resort to perceptually based strategies similar to when they re-assess their
own initial judgments. By contrast, a more pronounced behavioral adjustment towards the
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advice given by a competent advisor correlates with activity changes in the amygdala, a
brain region crucially important for emotional (and reinforcement-based) learning processes.
Overall, our study, thus, highlights how inherently social aspects of the environment, such as
the reputation of conspecifics, provide important constraints for judgment and decision-
making processes reflected on the neural level.
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Jittered pause (3-6 s)
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estimate: 0000

Jittered pause (3-6 s)
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Sarah's estimate was:
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Figurel.
Individual trial structure. (a) Presentation of pair of capital cities. (b) Input screen.

Judgments were made via button press. (¢) Evaluation screen. (d) Input screen allowing
participants to confirm or change their initial judgment via button press.

Soc Neurosci. Author manuscript; available in PMC 2021 March 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Schilbach et al.

1.00 -

.90 1

.80 -

.70 4

.60 4

.90 -

40 -

.30 4

.20 4

10 -

.00 -

Page 18

@ COM

O INCOM

Figure 2.

Mean WOA values for experimental conditions, in which advice was provided. Error bars
depict standard deviations. COM: competent advisor, INCOM: incompetent advisor.
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Figure 3.
Neural correlates of advice evaluation. (a) Results of conjunction analysis (SELF N COM N

INCOM). (b) Differential effects of the evaluation of competent vs. incompetent advice
(COM > INCOM). (c) Neural correlates of being presented with advice irrespective of the
advisor’s reputation as compared to re-assessing one’s own initial judgment (COM +
INCOM) > SELF and (d) neural correlates of being presented with one’s own initial
judgment as compared to being given advice (SELF > (COM + INCOM)).
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Figure 4.
Neural correlates of advice integration. (a) Parametric effect of integrating competent advice

(WOA_COM). (b) Parametric effect of integrating incompetent advice (WOA_INCOM).
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TABLE 2

Neural correlates of parametric modulation at p < .05 cluster-level corr. for multiple comparisons; MNI
coordinates of principally activated voxels for each cluster are given

Brain region X y z k T

WOA_COM (Figure 4a)
Left superior frontal gyrus -26 -2 66 337 476
Left cuneus -12  -63 28 189  4.29

Right centromedial amygdala (CMA) 24 -14 -9 174 5‘411

Left superior parietal lobule -28 -75 46 173 435
Left inferior frontal gyrus (p. orbitalis) -36 24 -14 172 4.60
WOA_INCOM (Figure 4b)

Right cuneus 8 -75 32 999 ggof

Left calcarine gyrus -20 -52 4 214 g3t

Left calcarine gyrus -4 =76 9 225 4.97

Left lingual gyrus -12 -70 -4 151 4.90
Note:

1 A
also significant at p < .05 FWE voxel-level corr.
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