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People often demand a greater price when selling goods that they
own than they would pay to purchase the same goods—a wellknown economic bias called the endowment effect. The endowment
effect has been found to be muted among experienced traders, but
little is known about how trading experience reduces the endowment effect. We show that when selling, experienced traders exhibit
lower right anterior insula activity, but no differences in nucleus
accumbens or orbitofrontal activation, compared with inexperienced
traders. Furthermore, insula activation mediates the effect of experience on the endowment effect. Similar results are obtained for
inexperienced traders who are incentivized to gain trading experience. This finding indicates that frequent trading likely mitigates the
endowment effect indirectly by modifying negative affective responses in the context of selling.
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he most fundamental assumptions in economics revolve
around individual preferences. The most basic of these is the
independence assumption: that one’s economic valuation does
not depend on current entitlements. In a normative sense, this assumption is used in most theoretical and applied economic models
to assess the operation of markets. In a positive sense, the assumption underlies benefit–cost analysis, estimates of damages in
court, and more generally any interpretation of indifference curves.
However, substantial evidence has mounted that illustrates the
importance of entitlements: people ask greater prices for goods that
they own than they are willing to pay for identical goods that they
do not own, a well-known behavioral anomaly called the endowment effect (1). Importantly, behavioral research demonstrates that
trading experience reduces the gap between buying and selling
prices (2–4). Nevertheless, little is known about the mechanisms
that underlie how experience attenuates the endowment effect.
Understanding the mechanisms at work will critically shape how we
view the observed violations in inexperienced traders: Are such
behavioral patterns errors that violate closely held economic theory,
or do they have basic explanations that permit us to retain the
standard model with necessary adjustments?
We focus on two possible reasons that frequent trading reduces the endowment effect. First, trading may decrease loss
aversion (5), or relatively greater anticipated pain of losing goods
than excitement about gaining goods. For example, experienced
traders may learn to change their mindset so that they do not
view selling an object as a loss (6). Second, owning an object may
enhance the object’s attractiveness (7, 8), but experienced traders may learn to valuate goods more consistently.
Distinct neuroanatomical circuits are activated during product
preference and loss aversion (9). Specifically, the nucleus accumbens (NAcc) and orbitofrontal cortex (OFC) have been related to
product preference and predict buying decisions (10–13). In contrast, right anterior insula activation has been implicated in anticipating and avoiding losses (refs. 14–16, but also see ref. 17). Thus,
activation patterns in these regions can provide insight into how
trading experience modifies the mechanisms operating during trade.
www.pnas.org/cgi/doi/10.1073/pnas.1519853113

We conducted two functional MRI (fMRI) studies to investigate how experience changes neural correlates of the endowment effect. In Study 1, professional and inexperienced
traders indicated the price that they were willing to pay to buy
(WTP) and willing to accept to sell (WTA) each of several different products using a slider bar. We scanned these participants
while they made decisions about buying and selling these items at
different prices (Fig. 1). Importantly, the prices were scaled
according to responses on the slider, allowing us to sample
neural responses to prospective gains and losses during both
tasks. In Study 2, we scanned inexperienced traders on the Study
1 paradigm before and after incentivizing the participants to sell
items on eBay over 2 mo. In both studies, the order of buying and
selling tasks were counterbalanced. In Study 2, we also varied the
set of items presented in each scanning session and counterbalanced the order across participants. To ensure incentive
compatibility, participants were paid according to one of their
decisions during the slider or the scanner task. See Methods for
full details.
Results
Behavioral. We computed the endowment effect for each con-

sumer good as the difference between WTA and WTP indicated
using the slider, normalized by WTP. As in previous studies (1, 16,
18), participants in Study 1 showed a significant positive endowment
effect on average [51% of WTP; t (29) = 2.83, P < 0.01]. This finding
was particularly pronounced in inexperienced traders [86% of WTP;
t (11) = 2.40, P < 0.05] but not experienced traders [28% of WTP;
t (17) = 1.62, P = 0.12]. In regression analyses, experience trended
toward decreasing the endowment effect, controlling for demographic variables and task order (β = −0.56, P = 0.079; Table S1).
Participants in Study 2 had a significant positive endowment
effect [21% of WTP; t (14) = 2.50, P < 0.05; averaged over both
Significance
Trading experience has been shown to reduce the endowment
effect, a decision-making bias that distorts market prices and
reduces trade. Understanding the mechanisms underlying how
experience changes this bias will provide important insights for
developing interventions to improve market efficiency. Using
functional magnetic resonance imaging, we show that market
experience causes a reduction in right anterior insula activation
during selling, which mediates a decrease in the endowment
effect. These findings suggest that trading mitigates negative
affective responses in the context of selling.
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Fig. 1. Sample stimuli from the scanner paradigm. In each task, participants first made slider valuations for the four different products. Afterward, in the
offer phase, participants saw 4 blocks (1 per item) of 31 prices at which the participants could choose to buy the item (WTP) or sell the item (WTA). These tasks
were counterbalanced between participants and randomized sessions.

sessions]. Additionally, being asked to trade over a 2-mo period
decreased the endowment effect from 30% [t (14) = 2.59, P < 0.05]
to 12% of WTP [t (14) = 1.34, P = 0.20]. This change was significant after controlling for the set of items subjects saw in each
session (β = −0.51, P < 0.01; Table S2), suggesting that selling
experience, and not endogenous characteristics of professional
traders, reduces the endowment effect.
Brain Imaging. A whole-brain mixed ANOVA was conducted with

study (Study 1, Study 2), experience (recruited based on experience in Study 1, pre- vs. post-training in Study 2), task (WTA vs.
WTP), and offer (greater vs. less than slider value) as factors,
using the sandwich variance estimator to account for repeatedmeasures covariance (Methods). The task vs. baseline contrast
revealed frontoparietal, occipital, and mesolimbic activation but
also deactivation in the medial OFC region, bilateral temporal
poles, posterior cingulate cortex, precuneus, left middle frontal
gyrus, and left postcentral gyrus [false-discovery rate (FDR), P <
0.05; Fig. S1 and Table S3]. OFC activation did not vary as a
function of any factor, so we did not investigate this region in
subsequent region of interest (ROI) analyses. A significant main
effect of study was observed, with greater overall activation for
Study 1 in frontal, temporal, and occipital regions (Table S3).
However, the effect of study did not interact with any other factor.
A significant task by offer interaction emerged in bilateral
occipital and parietal clusters, including middle occipital gyrus,
and left inferior parietal extending into left superior parietal.
Additionally, clusters in precentral gyrus and supplementary
motor area extending into dorsal anterior cingulate cortex
(dACC) were observed bilaterally. Other significant clusters included thalamus, precuneus, bilateral anterior insula, left NAcc,
and right putamen (Table S3 and Fig. 2). This effect was driven
by a difference between conditions that were favorable (Table
S4), including high prices during selling (WTA, above slider
value) and low prices during buying (WTP, below slider value),
and the unfavorable conditions, such as low selling prices (WTA,
below slider value) and high buying prices (WTP, above slider
value). No other effects reached significance.
ROI Analysis. Planned analyses were conducted using NAcc and
anterior insula ROIs to test whether positive and negative affective responses (9) mediate the relation between trading experience
and the endowment effect. Given the whole-brain differences
between our studies, 2 (experience) × 2 (task) ANOVAs were
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conducted for each study and ROI, controlling for demographics
and order variables (Fig. 3). For the insula, an experience main
effect was observed in Study 1 [F(1,55) = 4.43, P < 0.05], whereas
a significant task by experience interaction emerged in Study 2
[F(1,54) = 7.08, P = 0.01]. For the NAcc, an experience main
effect was found in Study 2 [F(1,54) = 4.83, P < 0.05]. No other
effects were significant.
We followed up these ANOVAs with regression analyses. In
Study 1, insula activation during the WTA task, but not WTP,
was greater in inexperienced compared with experienced participants (β = −0.045, P < 0.05) and was positively related to the
endowment effect (β = 4.58, P = 0.005; Fig. 4) controlling for
demographics and task order.
Next, we tested whether insula and NAcc activation changed
after participants gained selling experience in Study 2. After controlling for item set order, decreased activation was observed in the
right anterior insula during the WTA condition (β = −0.050, P <
0.05) and NAcc during the WTP condition (β = −0.047, P < 0.01).
Additionally, age was marginally negatively associated with
WTA insula (β = −0.002, P = 0.058) and positively associated
with the WTA insula change score (β = 0.003, P < 0.005), indicating a significant interaction with training. Nevertheless, the
WTA insula change remained significant (β = −0.046, P < 0.05)
after controlling for median-centered age.
Mediation Analysis. Given our a priori hypotheses about loss
aversion and the specific role of the insula, we tested the indirect
effect of experience, through subject-averaged insula activation
during the WTA task, on the subject-averaged endowment effect.
We used the method of Preacher and Hayes (19), which relaxes the
requirement of significant direct effects (20), to estimate a 95%
bias-corrected bootstrap confidence interval (CI) based on 5,000
bootstrap samples for the indirect effect. The indirect effect differed significantly from 0 [point estimate: −0.368; 95% CI: −1.287
to −0.016; Fig. 4], controlling for demographics and task order.
For Study 2, we estimated the endowment effect, insula, and
NAcc change scores controlling for item set order and mediancentered age by taking the residuals and adding the constants.
Then, we used the path-analytic method of Montoya and Hayes*

*Montoya AK, Hayes AF, Estimating and testing indirect effects in within-subject mediation analysis: A path-analytic framework, Annual Convention of the Association for
Psychological Science, May 20–24, 2015, New York, X-108.
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to estimate the indirect effects of insula and NAcc with a biascorrected bootstrap CI based on 5,000 bootstrap samples. Consistent
with Study 1, change in insula signal mediated the effect of trading
experience on the endowment effect (point estimate: −0.148; 95%
CI: −0.359 to −0.025; Fig. 4). The indirect effect of NAcc change did
not reach significance (point estimate: −0.102; 95% CI: −0.230
to 0.008).
Discussion
How does economic experience affect economic decision biases
that appear to be a characteristic of human decision-making (1,
21)? Previous research (2–4) has suggested that extensive experience in buying and selling goods can reduce the size of these
biases. In the present research, we tested specific hypotheses
regarding the mechanism by which trading experience modifies
consumer decision-making processes.
In two studies, we find convergent evidence that the influence
of trading experience on the endowment effect is mediated in
part by lower sensitivity of the right anterior insula during selling.
This result was robust over both of our studies despite the different populations, procedures, and incentives used, as well as
corresponding differences on behavioral effect size and other
whole-brain effects. Whereas Study 1 mediation results are susceptible to bias because of their cross-sectional nature (22),
Study 2 used experimentally induced trading experience and timeseries variation to estimate mediation. It is worth noting that
current human in vivo techniques do not permit more continuous
measurement or direct manipulation of the insula, which would
be ideal for estimating the insula indirect effect.
Activation of the right anterior insula and dACC during
consideration of unfavorable offers in the whole-brain analysis
coheres with work demonstrating involvement of these regions
in processing salience (23–25) and the role of the insula in
anticipating and rejecting aversive outcomes in particular (13,
15, 26, 27). The decreased insula activity suggests that trading
Tong et al.
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Fig. 2. Regions responsive to prospective gains (high selling prices, low
buying prices) vs. prospective losses (low selling prices, high buying prices)
were tested using the task by offer interaction contrast. Differential activation was observed in the right anterior insula (depicted on the sagittal
slice; peak z = 4.07; 33, 23, 6) and dACC (depicted on the coronal slice; peak
z = 4.13; 0, 17, 55), key nodes of the salience network (22–24), and the left
NAcc (depicted on the coronal and axial slices; peak z = −3.88; −12, 8, −12).
Salience network activation was greater during losses (warm colors),
whereas left NAcc activation was greater during gains (cold colors). Coordinates are in MNI space. Active clusters are FDR-corrected at P < 0.05.

experience causes agents to experience less loss aversion during
selling. This finding is consistent with the observation that most
inexperienced traders have substantial buying but not selling
experience and dovetails with the intuition that routine exchanges are likely to be evaluated in aggregate (i.e., as a profitable
operation overall) instead of independent gains and losses
(28).
Because our interpretation of the insula results rely on reverse
inference, we queried Neurosynth [version 0.3.4 (29)] using the
insula voxels that were most sensitive to variation in experience in
our studies (Study 1: 48, 11, −1; Study 2: 36, 14, −1). Neurosynth is
a meta-analytic database with a corpus of 11,406 neuroimaging
studies, which provides estimates of posterior probabilities that a
term will appear in a study, conditional on that study reporting
activation in a given voxel, and z scores associated with that voxel
in the posterior probability map. For each of the two peak voxels,
terms related to pain had the largest reverse inference z scores and
posterior probabilities. The peak voxel in Study 1 had a z score of
7.07 for “pain,” and posterior probability P(painjactivation) = 0.75
(the next two nonanatomy terms were “preparation”: z = 4.53,
P(preparationjactivation) = 0.75, and “noxious”: z = 4.52, P(noxiousjactivation) = 0.79). Similarly, in Study 2, the first three
nonanatomy terms were pain: z = 7.98, P(painjactivation) = 0.75,
noxious: z = 7.77, P(noxiousjactivation) = 0.84, and “heat”: z =
7.45, P(heatjactivation) = 0.85. Of course, as evidenced by the
large z score and posterior probability for preparation for the
Study 1 peak insula voxel, this result is not completely conclusive.
However, it is unclear how preparation, which clusters with task
switching and response inhibition in Neurosynth (30), might generate variability in the endowment effect in our study. Indeed,
experience was not associated with performance on a working
memory task [operation span (31)] in Study 1 [t (26) = 0.41;
not significant].
In contrast, NAcc activation in the task by offer interaction
appeared to be driven by greater activation for high selling offers
and low buying offers, consistent with previous results demonstrating increased NAcc signal during anticipation of gain (32).
The decreased NAcc signal when buying, together with the decreased insula signal when selling in Study 2, might suggest lower
preferences overall posttraining. However, only insula signal
significantly mediated the change in endowment effect.
The effect we observe in Study 2 is particularly striking given
the briefness of our intervention, suggesting that novice traders
may reach criterion levels on the endowment effect quite quickly.
These results do not appear to be an artifact of repeating the
scanner task, because our results were robust across people with
diverse professional trading backgrounds who did not undergo
repeated scanning in Study 1. Moreover, other work indicates
that whereas fMRI signal in the amygdala habituates over repeated scans in emotion processing tasks, the anterior insula has
good test–retest reliability (33, 34). The Study 2 data suggest that
the reduction in insula signal and the endowment effect scales in
part with the number of items sold as well as items listed (SI
Text). The signs of the coefficients indicate that actual selling
experience, and not just effort, is required for the results we
observe. Nevertheless, more extensive efforts are needed to determine the specific aspects of experience that most effectively
reduce decision biases.
The sign of the moderating influence of age on the relation
between training and insula activation in Study 2 suggests less
treatment-induced reduction in insula signal in older adults. This
finding may be explained by lower anterior insula responsiveness
to loss anticipation in older adults (15, 34, 35). Indeed, a marginal negative relation was observed between age and insula
activation. Thus, market experience may not be as efficacious for
older adults to overcome decision biases because of insensitivity
of the insula.
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Fig. 3. Right anterior insula and NAcc activation across selling (WTA) and buying (WTP) tasks in the experience groups in Study 1, and the insula and NAcc
activation change scores in Study 2. (A) The insula ROI was the Talairach labeled right insula, anterior to y = 0 (16). (B) Selling experience significantly lowered
insula signal for WTA in Study 2. The same pattern was observed in Study 1 in a regression analysis, although in the ANOVA, only the main effect of experience emerged (P < 0.05; Results) without interacting with task. (C) The NAcc ROI was defined as 8-mm spheres centered on MNI coordinates ±12, 10, −2
(42). (D) NAcc did not differ with experience in Study 1 but decreased for WTP in Study 2 (P < 0.01; Results). Percentage signal change values were adjusted for
demographics and task order in Study 1. Δ Percentage signal change values in Study 2 are computed as Session 1 subtracted from Session 2, adjusted for age
and item set. *P < 0.05 (two-tailed).

Although our results are consistent with the hypothesis that
trading experience reduces loss aversion in the context of selling,
other alternatives are possible. For one, trading experience may
reduce uncertainty about costs or risks associated with selling
activities (36). Because anxiety about selling may elicit insula activation, we might observe the same results without any decrease
in loss aversion. The selling task in our experiment was designed to
be free of possible sources of friction such as risk, transaction
costs, and human trading partners. Still, we cannot definitively rule
out this explanation without measuring perceived costs.
Another possibility is that trading experience causes agents to
reappraise selling activities (6, 37). Specifically, expert traders
may learn to frame selling goods as opportunities for monetary
gain vs. nongain, rather than from the reference point of loss of
ownership vs. nonloss. A related possibility is that experience
may induce a wider framing, such that prospects are evaluated in
the context of an overall portfolio. According to these explanations, experience facilitates strategies for circumventing loss
aversion, rather than reducing sensitivity to loss. Our study did
not include measures of how framing changed with experience to
test these alternatives, but the fact that only one decision
counted suggests against the portfolio strategy. Inductions such
as taking the perspective of a trader (38) may be used in future
research to directly explore the strategies that experienced
traders bring to bear on selling and how these strategies interact
4 of 6 | www.pnas.org/cgi/doi/10.1073/pnas.1519853113

with variability on loss aversion to modulate the strength of the
endowment effect in inexperienced and experienced traders.
The endowment effect contradicts standard economic theory
and distorts market transactions (21). When WTA is generally
greater than WTP, buyers and sellers are less likely to agree on
a price, resulting in undertrading in real markets (39, 40). Our
results suggest that even a modest amount of trading experience
may help eliminate such inefficiencies in part through reducing
the influence of loss aversion.
Methods
Study 1.
Participants. Thirty-nine adult participants were recruited from two different
populations; 22 were experienced eBay traders with high seller feedback
ratings and other business professionals with financial and selling experience
in the Chicago area. Experienced participants were recruited through eBay’s
messaging interface, email, phone calls, paper mailings, or in-person using a
script. The remaining 17 participants were recruited from among staff
members at a Midwestern university with little trading experience. Inexperienced participants were recruited through flyers around campus, as
well as participant recruitment mailing lists.
Prospective participants were screened for mood-altering medication
and a history of severe head trauma before enrollment. Of the participants
who were invited to take part, three (one experienced, two inexperienced)
did not complete the scan because of technical difficulties, and six (three
experienced, three inexperienced) were excluded for using a “buy-low-sellhigh” strategy in the scanner task (SI Text). Because our question is specifically about modeling how experience modifies neural mechanisms
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Fig. 4. Insula activation during selling mediated the effect of recruited
experience (point estimate: −0.368; 95% CI: −1.287 to −0.016) (A) and experimentally manipulated experience (point estimate: −0.148; 95% CI:
−0.359 to −0.025) (B) on the endowment effect. The numbers in parentheses
indicate the regression coefficient without the mediating variable. All Study
1 regressions included sex, income, and task order as covariates; coefficients
and significance levels differ slightly from those presented in Results because
of averaging over measurements within each subject. Study 2 regressions
included median centered age and item set order as covariates. Full results
are presented in Tables S1 and S2. †P < 0.1; *P < 0.05; **P < 0.01 (two-tailed).

underlying the endowment effect, we excluded one inexperienced participant who showed a consistent and idiosyncratic response bias (WTP
greater than WTA) for all four items. One inexperienced participant’s responses differed from the mean by more than 2 SDs for a well-defined
subset of trials, so those trials were excluded for that participant. The final
sample comprised 12 inexperienced and 18 experienced participants, aged
24–58 y, right-handed, native English speakers, with normal or correctedto-normal vision, and normal hearing. Participants received $100 and additional cash or a consumer good, based on one of their decisions in the
scanner task.
As expected, members of the experienced group were more likely to have
experience selling to customers (experienced: 83.3%; inexperienced: 0%; P <
0.001), businesses (experienced: 33.3%; inexperienced: 0%; P = 0.01), and in
online settings (experienced: 72%; inexperienced: 0%; P < 0.001). Because of
the recruitment procedure, the experienced and inexperienced groups had
qualitatively different professions. The two groups did not differ on any
other demographic variable (Table S5).
Procedure. Upon arrival at the laboratory, participants reviewed and completed a consent form and MRI screening. Before scanning, participants
completed a task measuring working memory capacity [i.e., the operation
span task (31)] for which they received $50 for buying products in the
scanner task. Next, participants completed the endowment effect task in the
scanner. Stimulus presentation and response collection were programmed in
MATLAB (MathWorks) using PsychToolBox (41) and presented in the scanner
with a back-projection system. Participants completed a buying task and
a selling task (Fig. 1., order counterbalanced across participants) while
undergoing fMRI.
At the beginning of the buying task, participants saw each of four products
(4-gigabyte thumb drive, comfort lap desk, electric toothbrush, or headphones) and indicated the highest price they were willing to pay in exchange
for each product using a slider bar with $0.50 increments, ranging from $0 to
$50. After the slider phase, participants saw four blocks of trials. In each block,
1 of the 4 products was randomly selected without replacement, and participants saw 15 prices above, 15 prices below, and 1 price equal to their slider
value for that product presented in random order (ranging from 25% to
175% of the slider value). Participants accepted or rejected the offer to buy
the product at the displayed price. Each trial was 2.5 s, and fixation crosses
were presented during intertrial intervals of variable duration determined
using optseq2 (42). The selling (WTA) task was symmetric to the WTP task,
except that participants were “endowed” with the items in the beginning of
the task. Participants held four wooden blocks in their left hand and were
asked to imagine holding and using the four products in question (43).
Participants were informed that one of their decisions [either one of the
sliders using the method of Becker, DeGroot, and Marschak (44) or one of
the offer trials] would be randomly selected to count and were encouraged
to treat every trial as real.

Tong et al.

Study 2.
Participants. Twenty-four inexperienced participants were recruited from
vintage and antique markets in the Chicago area, in-person using a script.
Potential participants were asked to complete a brief prescreening survey to
assess their eligibility. Visitors who were MRI-eligible and reported minimal
professional and personal selling experience (zero items sold in a typical
month) were invited to take part in a two-session fMRI study. Participants
signed an affidavit promising to take part in an fMRI scan in December and
in February.
Of the 24 participants, 1 did not complete the study because of the
discovery of an anatomical abnormality, 7 were excluded for using an
explicit buy-low-sell-high strategy in at least one of the scanning sessions (SI
Text), and 1 was excluded because the individual’s responses differed from
the mean of the sample by more than 5 SDs. Additionally, one participant
did not complete the WTP portion of the second scan because of technical
difficulties. The final sample comprised 15 participants, aged 20–51 y,
right-handed, native English speakers, with normal or corrected-to-normal
vision, and normal hearing. This sample did not differ from the inexperienced group in Study 1 on selling experience or any demographic
variable except for marginally more income [t (25) = −1.97, P = 0.06;
Table S5].
Procedure. Participants took part in two scanning sessions, held 2 mo apart in
December 2014 and February 2015, in which they completed the task detailed
in Study 1. Each time participants arrived at the laboratory, they completed
both a consent form and a MRI screening form. In one session, participants
saw the same four items in Study 1, and in another session, participants saw a
new set of items. The order of these item sets was counterbalanced across
participants. At the end of each session, participants were paid according to
one of their decisions in the task. To ensure retention, participants received a
$200 show-up fee at the end of the second session.
Between the two sessions, participants were given incentives to gain
selling experience by selling items on eBay. At the end of the first session, we
gave participants a gift bag containing consumer goods valued at $100 total,
with individual items valued at $10–20 each and asked them to make an eBay
account. Participants were provided instructions for selling on eBay and
were told that they would receive a lottery ticket for each item listed or sold
before the second session, up to two tickets per item. The lottery was conducted at the end of all subjects’ participation and awarded four cash prizes
of $1,000. In January, a month after the first session, we mailed participants
a second gift bag containing consumer goods valued at $100, along with a
reminder to sell items on eBay. All procedures were approved by the University of Chicago Institutional Review Board.
A total of 73.3% of participants listed at least one item (average 9.91
conditional on listing) on eBay during the study, and 60% of participants sold
at least one item (average 5.22 conditional on selling). No demographic
differences were observed between participants who were more or less likely
to list or sell items (Table S6). To avoid confounding our results with omitted
variables such as selling ability, we use intention-to-treat as a measure
of experience in our main results (see SI Text and Table S7 for analyses on
individual selling experience).
FMRI acquisition. MRI was performed using a 3T Philips Achieva Quasar scanner.
Whole-brain fMRI data were acquired with a T2*-weighted echoplanar imaging sequence [repetition time: 2.5 s; echo time: 30 ms; field of view (FOV):
192 × 192 mm2; flip angle: 81°; matrix size: 64 × 64; in-plane resolution: 3 ×
3 mm2; slice thickness: 3 mm; slice gap: 0.5 mm; 32 slices]. A volume-selective
z-shim method was used to reduce susceptibility artifacts in the orbitofrontal
region. Four additional slices covering the OFC were acquired in each volume
with a compensation gradient applied along the z axis. The final image of
the four OFC slices was computed by taking the root sum of squares of the
original and z-shimmed slices. High-resolution anatomical images were acquired in the sagittal plane using a Philips T1-weighted SENSE-Ref sequence
(171 slices; voxel size: 1 × 1 × 1 mm3; reconstruction matrix size: 240 × 240;
FOV: 228 × 240 × 171 mm3).

PNAS Early Edition | 5 of 6

ECONOMIC
SCIENCES

The WTA (selling) and WTP (buying) tasks each comprised two functional
scans, with a short break in between. Each scan included two blocks, such that
all four items were presented both in the WTP task and in the WTA task. The
WTA scans were separated from the WTP scans by a break during which
participants saw images of national parks and the anatomical scan took place.
Thus, the endowment effect task was an event-related design, with trials
grouped by item and task to avoid cognitive load. After scanning, participants
completed demographics, market experience, and product rating surveys.
All procedures were approved by the University of Chicago Institutional
Review Board.

FMRI analysis. fMRI data were analyzed using Statistical Parametric Mapping 8
(SPM8) (Wellcome Department of Imaging Neuroscience) and the Sandwich
Estimator toolbox (SwE) (45). Raw functional volumes were slice-timing–
corrected, followed by the z-shim combination procedure. The resulting
volumes were realigned using a six-parameter affine transformation and
resliced. The structural image was coregistered to the mean functional image and segmented into gray matter, white matter, and cerebrospinal fluid.
The segmentation step produces normalization parameters, which were
used to normalize the functional volumes to the Montreal Neurological Institute (MNI) template. Fixed-effects general linear model parameters were
estimated using the Variational Bayes algorithm implemented in SPM8 to
model the hemodynamic response for each participant, which adaptively
smooths the functional volumes (46). Trials of each of four conditions (WTA
task, offers above slider; WTA task, offers below slider; WTP task, offers
above slider; WTP task, offers below slider) were modeled as 2.5-s boxcars
convolved with the canonical hemodynamic response function. Motion parameters were included in the first-level model as regressors of no interest.
First-level contrasts for each of the four conditions were smoothed with a
4-mm Gaussian kernel and entered into a second-level model using SwE
to implement the sandwich variance estimator, which is robust to the
covariance structure present in our repeated-measures data.
To maximize power, we pooled data from the two experiments in a fourway mixed-effects ANOVA with study (Study 1, Study 2), experience
(recruited based on experience in Study 1, pre- vs. post-training in Study 2),
task (WTA, WTP), and offer (above slider value, below slider value) as

factors. Effects surviving FDR correction at P < 0.05 were examined with
pairwise t contrasts.
β values from the four stimulus conditions were extracted for use in ROI
analyses. Following previous work (15), an anatomical right anterior insula
ROI was defined using the voxels in the Talairach-labeled right insula anterior to y = 0 using WFU Pickatlas (47). A bilateral NAcc ROI was created by
taking 8mm spheres centered on MNI coordinates ±12, 10, −2 (48). For each
participant, percentage signal change in the right anterior insula and NAcc
ROIs were calculated with the MarsBaR toolbox† and entered into a series of
multiple regressions to probe the role of the insula and the NAcc in the
relation between market experience and the endowment effect. All reported regressions use SEs clustered by subject.
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