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Recent work using an art-viewing paradigm shows that monetary
sponsorship of the experiment by a company (a favor) increases the
valuation of paintings placed next to the sponsoring corporate
logo, an effect that correlateswithmodulation of the ventromedial
prefrontal cortex (VMPFC).Weused the sameart-viewing paradigm
to test a prevailing idea in the domain of conflict-of-interest: that
expertise in a domain insulates against judgment bias even in the
presence of a monetary favor. Using a cohort of art experts, we
show thatmonetary favors do not bias the experts’ valuation of art,
an effect that correlates with a lack of modulation of the VMPFC
across sponsorship conditions. The lack of sponsorship effect in the
VMPFC suggests the hypothesis that their brains remove the behav-
ioral sponsorship effect by censoring sponsorship-dependent mod-
ulation of VMPFC activity.We tested the hypothesis that prefrontal
regions play a regulatory role in mediating the sponsorship effect.
We show that the dorsolateral prefrontal cortex (DLPFC) is recruited
in the expert group. Furthermore, we tested the hypothesis in non-
expert controls by contrasting brain responses in controls who did
not show a sponsorship effect to controls who did. Changes in ef-
fective connectivity between the DLPFC and VMPFCwere greater in
nonexpert controls, with an absence of the sponsorship effect rel-
ative to thosewith a presence of the sponsorship effect. The role of
the DLPFC in cognitive control and emotion regulation suggests
that it removes the influence of a monetary favor by controlling
responses in known valuation regions of the brain including the
the VMPFC.
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Recent behavioral and neuroimaging evidence demonstrates
that decision-making is potentially exposed to bias by top-

down variables in various domains, and furthermore that bias
exerts control over identifiable neural responses (1–7). These top-
down variables include price, brand knowledge, and monetary
favors, to name a few. The nature, neural underpinnings, and
behavioral dynamics of this bias are not well understood. Most
institutions guard against bias by constructing rules that delimit
the kinds of favors allowed and the channels by which such favors
may or may not be received. The “spirit” of these rules is to allow
judgments to be unbiased by external incentives, but a scientific
understanding of the connection between favors and covert biases
in judgment is largely missing, leaving open the possibility for
many pathways to inadvertent bias. One major hypothesis con-
cerning judgment bias is that expertise in a domain tends wholly or
in part to insulate against the biasing influences of favors. In this
article, we build upon previously published work (5) to test this
idea directly.
In a task designed to examine the effects of social gestures on

subjective decision-making (5) we investigated the interaction of
expertise with neural valuation processes. The task used company-
logos, which served to act as sponsor for the participants in the
experiment. In this paradigm, participants passively viewed digital
images of art while undergoing an fMRI scan (Fig. 1). Participants
were paid $300 and the funds were associated with one of two

company logos. Two logos were initially presented and one of
these was introduced as the sponsoring logo. The paintings were
presented such that 50% were paired with a sponsoring company
logo and the other 50% were paired with a nonsponsoring com-
pany logo. The paintings and logos were counterbalanced so that
there were no changes in visual stimulation across participants.
Postscanning, participants completed a second phase of the ex-
periment consisting of behavioral preference ratings of the paint-
ings to assess the influence of sponsorship on preference.
Several neuroimaging findings have established that value

signals are encoded in the reward circuitry that includes the
ventromedial prefrontal cortex (VMPFC) (8–20). Similar results
have been found in monkey electrophysiology experiments (21–
23). Neuroimaging studies have expanded these findings by
demonstrating that value signals in the VMPFC can be modu-
lated by cognitive inputs (1–5). We hypothesized that suscepti-
bility to the sponsorship effect would modulate the response in
the VMPFC in the two conditions (sponsor and nonsponsor), but
that mitigation of the sponsorship effect would not lead to
a modulation of the value signals computed in the VMPFC. We
also speculated that mitigation of the sponsorship effect would
engage the dorsolateral prefrontal cortex (DLPFC), based on
this region’s role in exerting cognitive control and in emotion
regulation (24–26).
To accomplish our experimental aim, we used participants with

cognitive training within a specific knowledge domain to test if
expertise serves to mitigate bias instigated by a sponsoring com-
pany compared with a control group (n = 20). We included a
congruent expert group, namely art-experts (n = 20), to test di-
rectly if art-experts would be influenced by monetary favors dur-
ing the art-viewing paradigm. Participants constituting this group
were carefully selected based on various requirements, such as
a formal education in a visual art-related area and aminimum of 5
years of experience working within a visual art-related area. Our
hypothesis finds support in previous behavioral studies to the
extent that is has been shown that aesthetic expertise modulates
judgment of art (27–29).

Results
Behavioral Effect of Sponsorship. To assess if a monetary favor can
bias subjective painting preference in both controls and art-
experts, we calculated the average preference responses in the two
conditions and in the two groups (Fig. 2). In the experimental set-
up there is no explicit association between the logos and the
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paintings except for the visual presentation, and thus increased
preference for paintings presented next to the sponsoring logo is
considered a sponsorship effect. Controls showed greater average
preference for sponsor compared with nonsponsor paintings
(paired t= 3.02; df= 19; P < 0.006), demonstrating a sponsorship
effect in line with our previous study (5). However, there was no
effect of sponsorship within the expert group (paired t = 0.69;
df= 19; P < 0.49). Familiarity ratings, collected postscanning, did
not reveal significant interactions of sponsorship and familiarity in
the two groups (Fig. S1). Finally, inspection of the distribution of
preference responses within sponsor and nonsponsor conditions
in the two groups did not display significant differences (Fig. S2
and Table S1).

Modulation of VMPFC by Sponsorship. In the neural data we sought
to identify blood-oxygen level-dependent (BOLD) signals during
the passive art-viewing paradigm that correlated with the behav-
ioral sponsorship effect. Based on previous studies showing that
the VMPFC encodes value signals across several sensory modal-
ities (1–6, 8–12, 14–20), we made two predictions about the pat-
tern of neural activity in the VMPFC. First, activity in the VMPFC
should encode subjects’ preference ratings in both groups, re-
gardless of condition-modality and expertise. Second, value sig-
nals in the VMPFC should be modulated by sponsorship in the
control group but not exhibit sensitivity to sponsorship in the
expert group.
To test these predictions we used a parametric regression

analysis. In this analysis we were particularly interested in iden-
tifying regions that correlated linearly with painting preference.
We found that activity in the VMPFC correlated with a linear
response profile when collapsing across conditions (sponsor and

nonsponsor) in controls [Montreal Neurological Institute (MNI)
coordinates−4 48−6; P< 0.05, false-discovery rate (FDR), small-
volume corrections (SVC)] and art-experts (0 48 −6; P < 0.05,
FDR, SVC) (Fig. 3, Upper), supporting the prediction that the
VMPFC encodes common value signals. In accordance with our
a priori hypothesis, we applied SVC (30) to correct for multiple
comparisons in reporting these results in the VMPFC. We iden-
tified the search volume using MNI coordinates (0 48 −16) that
overlap with activity reported in two related studies (2, 5). No
other brain regions correlated with preference across sponsorship
in the two groups in a whole-brain analysis (P < 0.001, un-
corrected). To determine the effects of sponsorship, we con-
structed a region of interest (ROI) in the VMPFC centered
on identical coordinates as applied in the SVC. We extracted
the average β-values from the VMPFC ROI and found that the
sponsor condition displayed increased activity compared with the
nonsponsor condition in the control group (paired t = 2.72; P <
0.01), supporting the second prediction that the VMPFC can be

Fig. 1. Art viewing paradigm. In the scanner participantswere initially presentedwith two logos: a sponsoring and a nonsponsoring logo. One of two company-
logos was associated with the funds ($300) that participants received for study compensation. The sponsorship screen was shown once at the beginning of the
scanning cycle for 8 s. Participants were subsequently presented with 60 paintings that were displayed on different trials with either the sponsoring or the
nonsponsoring logo during a passive scanning run. In a subsequent behavioral run, participants provided preference responses for each painting.

Fig. 2. Average preference responses across groups collected postscanning.
Global average preference responses grouped into sponsoring (blue bars)
and nonsponsoring (red bars) conditions presented separate for each of the
two groups (controls and art-experts). The rating scale was a Likert-type
scale (+3 to −3). Statistical analysis showed a significant difference between
sponsor and nonsponsor conditions for controls (n = 20), which is denoted
with an asterisk, but not for experts (n = 20). Error bars represent SE.

Fig. 3. Neural activity in the VMPFC encoding value signals and sponsorship
bias. (Upper) The VMPFC display linear increase with preference responses
collapsed across conditions (sponsor and nonsponsor) in controls and experts
(P < 0.005, uncorrected). SVC (10-mm sphere; MNI: 0 48 −16) was applied to
correct for multiple comparisons. Significant VMPFC voxels are displayed for
controls, in yellow (−4 48 −6; 27 voxels; z = 2.64; P < 0.05, FDR, SVC) and for
art-experts, in red (0 48 −6; 20 voxels; z = 2.49; P < 0.05, FDR, SVC). Over-
lapping voxels are displayed in orange. (Lower) ROI in the VMPFC. Average
β-values extracted for each group in the defined ROI (10-mmmask; MNI: 0 48
−16) display higher β-values for sponsor (blue bars) than nonsponsor (red
bars) conditions in controls (paired t = 2.72; P < 0.01), which is denoted with
an asterisk. The VMPFC activity in art-experts was not modulated by stimuli
modality. Error bars indicate SE.
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modulated by sponsorship (Fig. 3, Lower). In contrast, average
β-estimates in the VMPFC ROI were not significantly modulated
by sponsorship within the art-expert group.

DLPFC Involvement in Mitigating Judgment Bias. We next inves-
tigated which neural regions were responsible for censoring
sponsorship-dependent modulation of the VMPFC activity in the
expert group. We hypothesized that regulating individual suscep-
tibility to the sponsorship effect involves modulation by the
DLPFC of the preference signals computed in the VMPFC. This
hypothesis was based on the role of the DLPFC in executive
control and emotion regulation (24–26), and the implication of the
DLPFC in top-down modulation of valuation regions (3, 14, 16).
Specifically, we predicted that the DLPFC should be more active
for the sponsor condition in the binary comparison between the
two groups: art-experts > controls. Note that there was no be-
havioral difference in average preference in sponsor trials across
the two groups (two-sample t = 0.4; df = 38; P < 0.6). Thus,
preference cannot account as a confounding factor in this contrast.
To test this hypothesis, we built a regressor using each partic-

ipant’s preference response for each painting in the sponsor
condition and subtracted the control group from the expert group.
Based on our prediction, we used SVC constraining our analysis
to our a priori bilateral DLPFC region. Using this approach, ac-
tivity reaching corrected significance was observed in the right
DLPFC (z = 3.51; 36 29 27; P < 0.005, FDR, SVC) for the con-
trast, art-experts > controls. No other regions reached signifi-
cance at the whole-brain level (P < 0.001, uncorrected). This
result suggests that the expert group is engaging the right DLPFC
to continuously regulate bias susceptibility (Fig. 4 A and B).
To capture the hypothesized regulatory role of the DLPFC in

mediating the effects of sponsorship in greater resolution, we
subsequently extracted the β-value in the right DLPFC region
identified above. We estimated a linear regression of the impact of
right DLPFC activity against a behavioral measure of each indi-

vidual’s susceptibility to the sponsorship effect. We performed the
correlation separately for experts and controls. This analysis
showed that the DLPFC correlated negatively with bias suscepti-
bility in experts (regression coefficient = −0.63; P < 0.001) (Fig.
4C). This result provides credence to the hypothesis that the
DLPFC mediates the influence of a monetary favor in domain
expertise. In contrast, the correlation for the control group was
nonsignificant (regression coefficient = −0.29; P < 0.1) (Fig. 4D),
although the trend in the DLPFC seen in this group suggests that
the DLPFC was elevated in those control participants who did not
display a significant sponsorship bias. We further examined the
possibility of a more general regulatory mechanism that insulates
from biasing effects of a monetary favor in subsequent analyses.

Functional Connectivity Between the VMPFC and DLPFC. If a modu-
lation of VMPFC by monetary favors were mediated by the
DLPFC we would expect that VMPFC activity during sponsor
trials should display a stronger coupling with DLPFC relative to
nonsponsor trials. To test whether differential effects of sponsor-
ship in the two groups were influenced by neural activity in DLPFC,
we performed an effective connectivity analysis implemented as
psychophysiological interactions (PPI) (30) using VMPFC as the
seed region. Specifically, we assessed if the physiological coupling
between the VMPFC and DLPFC changed relative to a modula-
tion in the psychological parameter: sponsor > nonsponsor. This
analysis exhibited increased connectivity with several regions (P <
0.05, FDR) (Table S2), including the right DLPFC in the expert
group when using SVC in the a priori DLPFC region (z= 3.79; 44
36 24; P < 0.05, FDR, SVC) (Fig. 5A). Additionally, a post hoc
analysis based on the average β-value in the right DLPFC showed
that there was stronger connectivity between the VMPFC and
right DLPFC in the expert group than in the control group (two-
sample t = 2.2; df = 38; P < 0.03) (Fig. 5B).
To investigate whether the DLPFC was anatomically consis-

tent across analyses, we carried out a conjunction analysis be-

Fig. 4. Modulation of DLPFC activity relative to sponsorship bias. (A) Binary group-specific comparison restricted to sponsor trials (art-experts > controls)
displayed significant activity in the right DLPFC (z = 3.51; 36 29 27; P < 0.005, FDR, SVC). (B) Average β-estimates from the right DLPFC ROI are shown for
controls and art-experts in sponsor (blue) and nonsponsor (red) conditions. Linear regression showing a relationship between a behavioral measure of in-
dividual susceptibility to the sponsorship effect in (C) experts and (D) nonexperts and activity in the right DLPFC. Each datapoint represents a participant. The
right DLPFC β-value represents individual peak voxels from the main effect (art-experts > controls) displayed in A. All error bars denote SE.
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tween the right DLPFC identified in the binary contrast (art-
experts > controls) (Fig. 4A) and the region of DLPFC identified
in the PPI analysis (Fig. 5A). The conjunction formally confirmed
that the same region of the DLPFC was activated in both anal-
yses (P < 0.0052, uncorrected) (Fig. S3).
These results demonstrate a coupling between the right

DLPFC and VMPFC. This coupling was strongest in sponsor
compared with nonsponsor conditions, providing further weight
to the hypothesis that the DLPFC is implicated in regulating the
influence of sponsorship on preference in the expert group.
We further wanted to establish whether the DLPFC play a

general regulatory role in mediating sponsorship bias indepen-
dent of expertise. To test this theory we carried out a second PPI
analysis using identical parameters as in the first PPI: that is,
seeding from the VMPFC to assess the physiological coupling
between the VMPFC and DLPFC relative to a modulation in the
psychological parameter: sponsor > nonsponsor. In this second
PPI we excluded the expert group and included only control
participants by amalgamating data from our previous study (SI
Text). Participants were separated into those who displayed a
significant sponsorship effect and those controls that did not
display such an effect. We hypothesized that participants without
judgment bias should display stronger coupling between the
VMPFC seed region and the DLPFC relative to those partic-
ipants who displayed a sponsorship influence.
The results showed increased connectivity with the rightDLPFC

in the controls without sponsorship bias, which reached corrected
significance when applying SVC in this region (z = 3.23; 36 32 32;
P < 0.05, FDR, SVC) (Fig. S4 and Table S3). Average β-values in
the right DLPFC showed stronger connectivity between the
VMPFCand right DLPFC in the controls without sponsorship bias
than in controls that displayed a sponsorship bias in a direct com-
parison (two-sample t = 2.8; df = 47; P < 0.007) (Fig. S4).

This analysis validates and expands the results from the first PPI
by demonstrating that individual differences in the connectivity
parameters between the VMPFC and DLPFC drives the funda-
mental difference in the ability to being able to reduce the in-
fluence of a monetary favor. This finding sets forth the notion that
the DLPFC is engaged in a regulatory mechanism that seems
independent of expertise.

Discussion
In this study, we demonstrate that domain expertise mitigates the
influence of a monetary favor on behavioral preference during an
art-viewing paradigm. In contrast, controls show on average that
a monetary favor increases the valuation of paintings placed next
to the sponsoring corporate logo. The neural data demonstrates
that the behavioral sponsorship effect correlates with a modula-
tion of the VMPFC in controls, but not in experts. In contrast,
the VMPFC is modulated by the DLPFC in experts. More spe-
cifically, the DLPFC correlates with individual susceptibility to
the sponsorship effect, in the direction of being more engaged in
those participants that lack the sponsorship bias. We demonstrate
an increased coupling between the VMPFC and DLPFC in
experts, and expand this group specific analysis by amalgamating
data from our previous study (5), showing that the subset of
controls that do not display a sponsorship effect have greater
coupling between the VMPFC and DLPFC. These results dem-
onstrate that increases in self-censuring can modulate neural
valuation mechanisms including the VMPFC.
We show that the VMPFC computes value signals for experts

and controls in accordance with the theory that the VMPFC is
part of a general valuation mechanism (1–6, 15). However, the
VMPFC ismodulated by sponsorship in the control group, but not
in the expert group. This finding is in line with several recent
neuroimaging studies demonstrating that external parameters,
including sponsorship, can modulate responses in the VMPFC,
even when controlling for visual stimulation across conditions
(1–6). The VMPFC exhibited stronger connectivity with the
DLPFC in experts relative to controls. A recent study of the
neurobiology of self-control (14) found that the VMPFC is mod-
ulated by areas of the DLPFC, which is in accordance with the
present result and suggests that the DLPFC sends input to the
VMPFC that is integrated to compute common value signals in
the VMPFC. Taken together, these results shows that external
parameters can modulate value signals encoded in the VMPFC,
and furthermore that people with specific domain expertise, such
as art-experts, mitigate the influence of value signals on the
VMPFC by recruiting the DLPFC. These results are enlightening
in the context of the established role of the DLPFC in top-down
modulation during tasks requiring executive control (25) and
emotion regulation (26).
Our findings have implications for an ongoing debate that

individual decision-making is subject to bias across multiple
domains. Although our control group substantiates the notion
that decisions can be significantly biased by social gestures, the
present study shows that expertise within a domain insulates
a person against biasing maneuvers through modulation of ac-
tivity in the prefrontal cortex. The standard maneuver for in-
sulating someone from biased judgments is to publicly expose
their financial obligations and connections. Although such public
exposure does act to bring more explicit external scrutiny, the
degree to which public exposure actually increases effective self-
censuring remains an important and open question. The findings
in this study do suggest that domain expertise is one route by
which a person’s judgment bias from external incentives may be
reduced or even eliminated. It seems plausible that experts may
not be able to “turn off” regions of the brain that insulate them
from bias, making their valuation processes more selective than
the general population.

Fig. 5. Condition and group-specific changes in effective connectivity. (A) PPI
displaying increased coupling between the VMPFC seed region and the right
DLPFC in art-experts (z = 3.79; 44 36 24; P < 0.05, FDR, SVC). VMPFC activity in
the control group did not exhibit significant connectivity with the DLPFC. (B)
Average β-estimates from the right DLPFC measuring the correlation between
BOLD activity in VMPFC and DLPFC in both groups. Statistical significance is
denoted by an asterisk. Error bars are SE.
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Methods
Subjects. Forty subjects participated in the study. The art-expert group
consisted of 20 subjects (11 females/9 males; average age 38.8 y; age range
23–56; average level of experience: 9 y, std = 4.2). A separate age- and sex-
matched control group (n = 20) was recruited who did not have a formal art-
education (13 females/7 males; average age 36.2; age range 18–59). Social
economic status did not differ between groups [controls: 51.2 (11.0); art-
experts: 50.2 (7.6)]. All participants had normal or corrected-to-normal vi-
sion, and none had a history of neurological or psychiatric disorders. All
procedures were conducted in accordance with the Institutional Review
Board of the Baylor College of Medicine.

fMRI Task. Before scanning, participants were told they would be sponsored
by one of two companies. In the scanner subjects were initially presentedwith
two company logos, followed by a screen indicating which of the two
companies would be sponsoring them, as well as their amount of compen-
sation ($300). Two groups (20 art-experts; 20 controls) participated in the
task and were paid $300. On each trial a painting was presented centrally
and the logos were positioned in the upper left and right corner of the
screen. Each painting was paired with either the sponsor logo or another,
nonsponsor logo. The procedure was presented in a pseudorandom fashion
and counterbalanced across subjects. Likewise, the pairing of logo and
sponsorship was counterbalanced across subjects. During the scanning ses-
sion, subjects were instructed to passively view each painting. Postscanning,
subjects were asked to complete a behavioral run of the paintings and to
make a subjective preference rating of each image using a Likert-scale (+3 to
−3). The exact participant instructions are given in SI Text. In the behavioral
task, the paintings were displayed in a randomized order compared with the
scanning session, but the painting-logo pairings were kept consistent across
both phases. This two-phase set-up was selected to bifurcate action and
planning associated with making a choice from the passive valuation of each
painting in the scanner (31). The participants were not informed about the

second phase (behavioral rating) of the experiment until after the first phase
(scanning run). In a previous study (5) we were able to demonstrate that
neural value signals were computed even during a passive viewing of
paintings, demonstrating that value signals are generated independently of
actual choice. Hence, we were confident about applying this two-phase set-
up. Visual chromatic reproductions of original paintings served as stimuli. In
total, 60 paintings (30 abstract and 30 representational) were selected from
graduate work with permission from the Slade School of Art, University
College London. Noncanonical, contemporary art made by art students was
selected to serve as stimulus material to ensure that all paintings were un-
familiar to the participants. Familiarity ratings of paintings were collected
postscanning using identical parameters as those applied to collect prefer-
ence behavior (Fig. S1). The logos were unfamiliar to the participants in that
logos were prefabricated by the experimenters without reference to existing
brands. The experimental protocol consisted of an event-related design. On
each trial, a stimulus appeared for 5 s followed by a jittered intertrial in-
terval of 4 to 14 s (Fig. 1). The stimuli were presented at a screen resolution
of 1,024 × 768 pixels and centered in a 500 × 500-pixel resolution sur-
rounded by a black background. Stimuli were presented and responses
collected using NEMO (Human Neuroimaging Laboratory, Baylor College of
Medicine). The stimuli were back-projected via an LCD projector onto
a transparent screen positioned over the subjects’ head and viewed through
a tilted mirror fixed to the head coil.

fMRI Data Acquisition and fMRI Data Analysis. See SI Text for specifics.
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