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Distinct neural networks support the mere ownership
effect under different motivational contexts
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The “mere ownership effect” refers to individuals’ tendency to evaluate objects they own more favorably than
comparable objects they do not own. There are numerous behavioral demonstrations of the mere ownership effect,
but the neural mechanisms underlying the expression of this self-positivity bias during the evaluation of self-
associated objects have not been identified. The present study aimed to identify the neurobiological expression of
the mere ownership effect and to assess the potential influence of motivational context. During fMRI scanning,
participants made evaluations of objects after ownership had been assigned under the presence or absence of self-
esteem threat. In the absence of threat, the mere ownership effect was associated with brain regions implicated in
processing personal/affective significance and valence (ventromedial prefrontal cortex [VMPFC], ventral anterior
cingulate cortex [VACC], and medial orbitofrontal cortex [mOFC]). In contrast, in the presence of threat, the mere
ownership effect was associated with brain regions implicated in selective/inhibitory cognitive control processes
(inferior frontal gyrus [[FG], middle frontal gyrus [MFG], and lateral orbitofrontal cortex [IOFC]). These findings
indicate that depending on motivational context, different neural mechanisms (and thus likely different psycho-
logical processes) support the behavioral expression of self-positivity bias directed toward objects that are
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associated with the self.
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Be it voluntary or not, parting with possessions can be
painful. For example, it can be distressing to sell a
family home or difficult to throw away old diaries,
and involuntary loss of valued possessions through
theft or casualty can engender grief and mourning
over the loss (Rosenblatt, Walsh, & Jackson, 1976).
Even in the absence of a sentimental value attached to
possessions over time, simply acquiring ownership of
an object enhances its perceived value/desirability
(mere ownership effect [Beggan, 1992], endowment
effect [Kahneman, Knetsch, & Thaler, 1991]). And
even transient, imagined ownership of objects that
are arbitrarily assigned to participants produces
increased preference for (Kim & Johnson, 2012,
2014a), and more positive implicit evaluations of
(Huang, Wang, & Shi, 2009) “self-owned” objects

than the identical or similar objects not owned by
the self. The mere ownership effect extends to the
appraisal of artificial/inconsequential stimuli such as
abstract symbols (Feys, 1991) and intangible, nonma-
terial entities such as argument sets and attitude posi-
tions that are randomly assigned to individuals (De
Dreu & van Knippenberg, 2005).

Acquiring ownership of an object is thought to entail
an association between the object and the self (Belk,
1988; Heider, 1958; James, 1890/1983; Wicklund &
Gollwitzer, 1982). As a consequence of self-object asso-
ciations, evaluation of an owned object is influenced by
cognitive and affective biases analogous to self-
serving biases individuals reveal when evaluating
themselves (Beggan, 1992; Heider, 1958). That is,
individuals’ strong motivation to view themselves in
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a positive manner (i.e., self-enhancement motivation)
extends to evaluations of self-associated objects.
Support that the mere ownership effect is an expres-
sion of self-enhancement motivation comes from find-
ings showing that factors that accentuate (e.g., self-
esteem threat) or reduce (e.g., process accountability,
high self-concept clarity) one’s self-enhancement ten-
dencies increase or decrease, respectively, the magni-
tude of the mere ownership effect (Beggan, 1992; De
Dreu & Knippenberg, 2005).

Previous neuroimaging studies have provided
some insight into the neural substrates supporting
the mere ownership effect. Using a transient, ima-
gined ownership manipulation, studies have consis-
tently identified the medial prefrontal cortex (MPFC,
especially ventral MPFC [vMPFC]), the region most
reliably recruited during self-related processing
(Lieberman, 2010). For example, vVMPFC showed
greater activity when participants were imagining
objects as belonging to them (“mine”) than belong-
ing to another person (“Alex’s”) (Kim & Johnson,
2012). Even during a non-self-referential task (i.e.,
oddball detection), the mere sight of objects that par-
ticipants successfully imagined owning prior to the
task spontaneously activated VMPFC (Kim &
Johnson, 2014a). Importantly, vMPFC activity during
ownership imagination (Kim & Johnson, 2012) and to
the mere sight of owned objects subsequent to own-
ership (Kim & Johnson, 2014a) was positively related
to post-scan measures of the mere ownership effect
(i.e., pre- to post-ownership preference increases for
objects assigned to the self).

Despite these previous findings demonstrating a
role of vYMPFC in ownership-induced self-object asso-
ciations and its association with subsequent manifes-
tations of the mere ownership effect, neural processes
underlying the “on-line” expression of the mere own-
ership effect (i.e., during actual evaluations of the
objects subsequent to ownership) have not been iden-
tified. Furthermore, it is an open question whether
similar neural processes underlie the mere ownership
effect arising from a “default” mechanism regulating
one’s need to feel good about oneself or from a
“defense” mechanism that serves to remedy one’s
threatened self-esteem (Alicke & Sedikides, 2009).
Evidence has recently reported that motivational
context can affect the neural expression of self-
evaluations: Positive self-evaluations are negatively
associated with activity in medial orbitoprefrontal cor-
tex (OFC) in the absence of self-esteem threat, and
positively associated with activity in OFC in the pre-
sence of self-esteem threat (Beer & Hughes, 2010,
2011; Beer, Lombardo, & Bhanji, 2010; Hughes &
Beer, 2012a, 2013). These findings suggest that
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different neural processes may underlie the mere own-
ership effect depending on whether or not favorable
evaluations of self-associated objects arise as a means
to restore threatened self-esteem.

The current study had two specific goals. First, we
identified brain regions associated with the online
expression of the mere ownership effect during the
post-ownership evaluations of the objects. Second, we
assessed if and how the neural systems supporting a
mere ownership effect are affected when individuals
have a heightened need to protect their positive self-
views (i.e., when self-esteem is at stake). To this end,
we measured participants’ brain activity using func-
tional magnetic resonance imaging (fMRI) while they
made evaluations of objects after ownership had been
assigned under the absence or presence of self-esteem
threat. Self-esteem threat was generated via delivery
of bogus negative performance feedback on an osten-
sibly unrelated task.

Based on previous findings of positive associations
between VMPFC and post-scan measures of the mere
ownership effect (Kim & Johnson, 2012, 2014a), we
hypothesized that under no self-esteem threat, vVMPFC
would be engaged when people exhibit a mere own-
ership effect during evaluations of objects (i.e., greater
activity during favorable vs. unfavorable evaluations
of self-owned objects). Under self-esteem threat, we
anticipated two possible informative patterns of
results: (a) if the mere ownership effect rests on a
single set of underlying neural and psychological pro-
cesses regardless of motivational context, then
increasing the need for self-enhancement through
self-esteem threat should not only increase the size
of the mere ownership effect but also produce greater
engagement of VMPFC associated with this effect
compared to that observed under no self-esteem threat
(i.e., larger difference in VMPFC activity during
favorable vs. unfavorable evaluations of self-owned
objects). (b) Alternatively, if the mere ownership
effect rests on different neural and psychological pro-
cesses depending on motivational context, then pre-
sence of the need to remedy threatened self-esteem
should result in recruitment of other brain regions in
addition to, or in the absence of the engagement of
vMPFC. With regard to the second possibility, if the
mere ownership effect arising from an attempt to
restore threatened self-esteem is supported by similar
neural substrates that underlie positive self-evalua-
tions in response to self-esteem threat (i.e., positive
association between OFC activity and flattering self-
evaluations, Hughes & Beer, 2013), then OFC activity
would contribute to the mere ownership effect under
self-esteem threat. In addition, to the extent that one’s
need to remedy threatened self-esteem shares similar
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neural and psychological mechanisms with the reap-
praisal of threatening experiences and regulation of
negative emotion (e.g., Ochsner, Bunge, Gross, &
Gabrieli, 2002), we expected the mere ownership
effect under self-esteem threat would engage brain
regions involved in successful emotional regulation/
control such as ventrolateral and dorsolateral PFC
(Ochsner & Gross, 2005) along with OFC.

METHODS
Participants and stimuli

Participants were 40 Yale undergraduate students
recruited and paid in compliance with the human
subject regulations of Yale University (25 females,
mean age = 19.57 [SD = 1.45], age range: 18-22).
All were self-reportedly healthy, right-handed, with
normal or corrected-to-normal vision, and within the
normal range of self-esteem (>15 on Rosenberg Self-
Esteem Scale that ranges from 0-30; Rosenberg,
1965). The participants were randomly assigned to
the ‘No-Threat’ (N = 20) or “Threat’ (N = 20) condi-
tions (see Experimental Procedure below). Data from
4 additional participants were excluded from analyses
because they expressed suspicion about the veracity of
the threat manipulation on a post-experimental ques-
tionnaire about the study hypotheses and during the
final debriefing procedure.

The stimuli were 120 photographs (250 x 250
pixels) of items available for purchase in a large
offline/online market (e.g., clothing, stationary). The
stimuli were divided into 2 sets of 60 objects that
were matched for mean preference level, estimated
cost, masculinity/femininity level, and ease of iden-
tification based on data from a separate pilot study.
The assignment of stimulus sets to the Mine and
Other conditions (see Experimental Procedure) was
counterbalanced across participants.

Experimental procedure

The experiment used a factorial design with the owner
(Mine or Other) as a within-subjects factor and the
presence of self-esteem threat (No-Threat or Threat)
as a between-subjects factor.

The participants were told that the purpose of the
study was to examine how people’s ownership of, and
preferences for, objects influence neural mechanisms
involved in object representations. Participants were
also told that they would be participating in a separate
pilot study when they got inside the scanner in which
we were testing a procedure for a future fMRI study.

Participants first completed the Rosenberg Self-
Esteem Scale (RSES; Rosenberg, 1965), a 10-item
measure of explicit global trait self-esteem. Then,
participants completed a letter evaluation task, a mea-
sure of implicit self-esteem (Nuttin, 1985), in which
the degree to which individuals show a preference for
their own initials is interpreted as an index of implicit
self-esteem. Participants were presented with a sheet
of a paper containing a list of all upper-case alphabet
letters arranged in a random order. They were told that
this measure was concerned with people’s aesthetic
judgments of simple stimuli, that is, letters of the
alphabet. It was further explained that participants
might not be accustomed to evaluating letters, but
that previous research had shown that the study of
these kinds of judgments can lead to a better under-
standing of how individual differences in preference
arise. Participants were asked to evaluate each letter
on a 9-point scale (1 = not at all beautiful, 9 = extre-
mely beautiful) relying on their first, immediate reac-
tions toward the letters.

Immediately following the letter evaluation task,
participants performed a series of computerized tasks
consisting of the following 6 phases: pre-ownership
preference rating, imagined ownership task, “pilot”
tasks (i.e., threat manipulation phase), post-ownership
preference rating during scanning, source memory
test, and imagined ownership rating (see Figure 1).
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Figure 1. A schematic illustration of the experimental procedure.



Pre-ownership preference rating

On each trial, a picture of an object was presented
in the center of a computer screen. Participants’ task
was to indicate how much they liked each object on a
1 (lowest preference) to 5 (highest preference) scale.
Each picture was presented for 4 sec, separated by
400-msec fixation period. Participants were asked to
make their responses while the picture was on the
screen. A total of 120 objects were rated.

Imagined ownership task

On each 6-sec trial, participants were presented with
a picture of an object and two baskets labeled “Mine”
and “Alex”, respectively. Participants’ task was to place
each item into the appropriate basket according to the
color of a dot appearing on or near the object picture
1 sec after the onset of the object picture. The dot color
matched the label color of one of the baskets. As soon
as participants pressed the button, the object began
moving down into the basket to which they assigned
it. Importantly, participants were asked to imagine that
they are going to own the items assigned to the “Mine”
basket but not those assigned to the “Alex” basket. The
objects consisted of the 120 objects from the pre-own-
ership preference rating task (i.e., 60 Mine and 60
Other [“Alex”] trials). Trials were separated by 1-sec
fixation period.

“Pilot” tasks

Participants were told that we were testing a pro-
cedure for a future fMRI study aimed at evaluating the
relationship between intelligence and attention and
that this initial pilot testing would enable us to pick
the optimal experimental parameters, such as the tim-
ing of the displays. For the participants in the Threat
condition only, we additionally provided the follow-
ing instruction verbally:

“When people know in advance that they are just
participating in a pilot study, their motivation levels
tend to be lower than when they participate in an
actual study. And this is one of the major problems
that we, researchers, face when gathering pilot data.

In an attempt to raise your motivation level to an
adequate degree, we are going to provide you some
information about the tasks themselves. A set of tasks
that you will be soon performing has been shown to be
a valid and reliable measure of general intelligence and
is increasingly used by schools and businesses to pre-
dict future success. Research has demonstrated that
people who perform well on this task tend to have
higher GPAs and are more successfil in the job mar-
ket, which in turn results in higher earnings.
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Also, we’re going to provide you feedback on your
performance inside the scanner based on the accuracy
of your responses as well as the response timing. This
feedback will tell you how you compare to all the
other Yale students who previously participated in
this pilot testing. That is, we will let you know
about your percentile score out of 100 where 50th
percentile represents the average performance of all
the students.”

Participants were familiarized with the tasks with
practice trials in a separate behavioral testing room
before they went into the scanner. The tasks consisted
of modified versions of a working memory capacity
test (“color change detection task™), a visual search
task (“search for the letter task™), and an iconic mem-
ory test (“perceptual memory test”).

In the “color change detection task,” participants
were briefly presented with a display containing a
number of colored squares, followed by a probe that
was exactly the same as the initial display or had the
color of one of the squares changed. Participants’ task
was to indicate whether there was a color change or
not by pressing one of two buttons. In the “search for
the letter task,” participants had to locate a specific
target letter in a display containing many other letters
and symbols and press a button as soon as they found
the letter. In the “perceptual memory test,” partici-
pants saw a display containing a number of alphabet
letters, followed immediately by a probe letter.
Participants’ task was to indicate whether the probe
letter had been presented in the initial display or not
by pressing one of two buttons.

Upon completion of the last “pilot” task, the parti-
cipants in the Threat condition were given bogus
feedback on their performance via a screen display.
The feedback screen first displayed a normative bell-
shape graph. Then, a red arrow appeared at the left
end of the graph (i.e., 0 percentile) and slowly
moved toward the right end of the graph (i.e., 100th
percentile) until it stopped at the 29th percentile.
Immediately following this movement, the text
“Below Average” appeared on the top of the screen
along with a short paragraph “Based on the accuracy/
response time of your performance, you ranked 29th
percentile of all the other Yale students who pre-
viously participated.” The participants in the No-
Threat condition were just thanked.

Post-ownership preference rating (during fMRI scan)

On each trial, a picture of an object was presented
for 4 sec, preceded by a 400-msec fixation dot.
Participants were asked to indicate how much they
liked each object based on their current feelings
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toward the object using the same 1-5 scale as in the
pre-ownership preference rating. The trials were sepa-
rated by jittered intertrial intervals (11.6-13.6 sec).
There were 30 trials (15 Mine and 15 Other) in each
of the 4 functional runs, and the trials within each run
were randomly ordered.

Source memory test

Each trial consisted of a 400-msec fixation dot,
followed by a 4-sec presentation of an object picture.
For each object, participants were asked to indicate to
whom (i.e., self or Alex) it was assigned during the
imagined ownership task. All the Mine and Other
items were presented in a random order. Previous
studies have shown the impact of self-esteem threat
at encoding (e.g., sub-optimal, shallow encoding of
self-threatening information, Sedikides & Green,
2004) and at retrieval (e.g., selective retrieval of self-
enhancing memories following self-esteem threat,
Crocker, 1993) of item memory. However, no pre-
vious studies investigated the impact of self-esteem
threat on source memory (for examples of differential
effects of emotion on item and source memory, see,
e.g., Johnson, Nolde, & De Leonardis, 1996; Mather
et al., 2006). In the present study, we did not find a
difference in source memory between the No-Threat
and Threat groups (see Behavioral Results section
below). Given that the participants in the Threat
group had an opportunity to remedy threatened self
before the memory test by exhibiting exaggerated
positive evaluations of self-owned objects during the
post-ownership preference rating task, our finding of
no difference in source memory between the No-
Threat and Threat groups is in line with recent evi-
dence that an opportunity to restore threatened self
(i.e., affirmation of the threatened aspects of the self)
eliminates motivated forgetting of threat-related item
information (Dalton & Huang, 2014). However, this
interpretation requires more direct evidence (e.g., an
effect of self-esteem threat on source memory in the
absence of post-ownership preference ratings as an
opportunity to remedy threatened self) and, hence,
the source memory data are reported below but not
discussed in detail.

Imagined ownership rating

In this phase, only the 60 Mine items were pre-
sented one at a time. Participants rated how well
(easily, vividly, or successfully) they could imagine
each object as belonging to themselves during the
imagined ownership task on a 1 (not very well) to 4
(very well) scale. The trials were self-paced. This

phase was included to measure relative strength of
the association between the self and each of the to-
be-owned objects.

At the end of the experimental session, participants
completed the State Self-Esteem Scale (SSES;
Heatherton & Polivy, 1991), a measure sensitive to
manipulations designed to temporarily alter self-
esteem, and the Positive and Negative Affect
Schedule (PANAS; Watson, Clark, & Tellegen, 1988),
a measure of mood, as self-esteem threat manipulation
checks. Participants were instructed to complete these
measures based on what they thought or felt after they
completed the pilot tasks but before they began the
main post-ownership preference rating task.

As is typical after false feedback procedures (e.g.,
Hughes & Beer, 2013), a debriefing using a post-
experimental questionnaire was conducted at the end
of study to probe participants’ suspicion about the
veracity of the threat manipulation. There was an
open-ended question about participants’ general
impressions of the purpose of the experiment (“Can
you guess the purpose/hypothesis of this study? If yes,
please tell us what you think as specifically as possi-
ble.”). If a participant’s answer included any mention
of the feedback procedure, the experimenter further
probed for any suspicion about the threat manipula-
tion with follow-up questions (e.g., “What kind of
feedback did you receive?”, “Did you have any reac-
tions to the feedback you received?”). Three of the
four excluded participants claimed that they had a
“hunch” that the purpose of the pilot tasks was to
experimentally manipulate their mood and thus did
not believe the feedback they received. The remaining
excluded participant mentioned that the experiment
was about how people evaluate objects differently
from before and after receiving positive vs. negative
feedback. When asked about her reactions to the feed-
back, she further explained that she was suspicious
about the veracity of the negative feedback as she
thought she performed very well in the pilot tasks.
Finally, participants were fully debriefed as to the
purpose of the study, in particular, about the bogus
nature of the pilot tasks and feedback procedure.

Image acquisition and preprocessing

Data were acquired using a 3T Siemens TimTrio
scanner with a 12-channel head coil. A total of 258
functional image volumes for each run of the post-
ownership preference rating task were acquired using
an echo planar pulse sequence (TR = 2000 msec,
TE = 25 msec, flip angle a = 90°, FOV = 240 mm,
matrix = 642, slice thickness = 3.5 mm, 34 slices).



Two sets of structural images were acquired for regis-
tration: coplanar images, using T1 Flash sequence
(TR = 300 msec, TE = 2.47 msec, a = 60°, FOV =
240 mm, matrix = 2562, slice thickness = 3.5 mm,
34 slices); and high-resolution images, using 3D
MP-RAGE sequence (TR = 2530 msec, TE = 3.34
msec, a = 7°; FOV = 256 mm, matrix = 2567, slice
thickness = 1 mm, 160 slices).

Image preprocessing was performed using the
FMRIB software library (FSL, http://www.fmrib.ox.
ac.uk/fsl). The first 4 volumes (8 sec) of each func-
tional dataset were discarded to allow for MR equili-
bration. Preprocessing included skull-stripping, slice-
timing correction, motion correction, spatial smooth-
ing (Gaussian, FWHM 5 mm), and high-pass tem-
poral filtering (cut off = 50 sec). Registration was
conducted through a 3-step procedure: functional
images were registered to coplanar images, which
were then registered to high-resolution images, and
normalized to the Montreal Neurological Institute’s
MNI152 template.

fMRI data analysis

Whole-brain voxel-wise regression analyses were
performed using FSL’s FEAT tool. First-level general
linear model analyses were performed using a sepa-
rate explanatory variable (EV) for each trial type:
trials were conditionalized as a function of owner
(Mine or Other based on the experimental assign-
ment to these conditions) and post-ownership prefer-
ence change (higher, lower, or no-change), resulting
in 6 EVs consisting Mine Higher, Mine Lower, Mine
No-Change, Other Higher, Other Lower, and Other
No-Change.! Each trial type was modeled for the
entire 4-sec trial duration with a boxcar function
convolved with a single-gamma hemodynamic
response function. Subject-level analyses combining
multiple runs were conducted using a fixed effects
model. Contrasts comparing parameter estimates
obtained from the regression analyses were defined
at the subject level to identify brain regions showing
trial-type specific effects. The contrast of particular
interest was the 2-way interaction between the owner
(Mine or Other) and post-ownership preference
change (higher or lower).

The trials with no pre- to post-ownership preference change
(i.e., No-Change trial types) were included in the model as a trial
type of no interest so that they would not contaminate the estimation
of the BOLD signal for trial types of interest (i.e., trials associated
with pre- to post-ownership preference increases or decreases).
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Group-level analyses were performed on the
parameter estimates obtained for each contrast cal-
culated at the subject level using a mixed effects
model, with the random effects component of var-
iance estimated using FSL’s FLAME 1 + 2 proce-
dure. First, in order to probe brain regions showing
sensitivity to ownership-induced preference changes
in each group, the 2 (owner: Mine or Other) x
2 (post-ownership preference change: higher or
lower) interaction effects defined at the subject
level were analyzed at a group-level for No-Threat
and Threat groups separately, treating participants as
a random factor. Then, as a confirmatory analysis
for the results obtained from the 2 (owner) x
2 (post-ownership preference change) interaction
analyses performed separately for No-Threat and
Threat groups, we conducted a whole-brain
2 (group: No-Threat or Threat) X 2 (owner: Mine
or Other) x 2 (post-ownership preference change:
higher or lower) interaction effects analysis, treating
group as a fixed factor and participants as a random
factor. For significance testing, voxels were first
thresholded at an entry level of Z > 2.1, and the
significance of the resulting cluster was then eval-
uated at a corrected p < .05 using a Gaussian
random field theory approach, unless otherwise
mentioned.

To interpret interaction effects and to further illus-
trate different patterns of activation across the No-
Threat and Threat groups in each of the activated
regions identified with the group-level interaction ana-
lyses, percent signal changes were extracted from
each activated region using FSL’s Featquery. Each of
the activated clusters obtained from the whole-brain
interaction analyses were first confined along approx-
imate anatomical boundaries of the respective brain
regions by conjunction with the Harvard-Oxford
Structural Cortical Atlas (fMRIB, Oxford, UK) so
that only the active voxels that resided within the
anatomical boundary of a given region contributed
to estimates of percent signal changes.

Of the regions showing significant activation, we
focus our interpretation/discussion on regions that
previously have been found to be associated with self-
related processing including self-object associations,
self-referential processing bias, positive self-evalua-
tions/self-perception, and threat regulation/emotional
control (e.g., Beer & Hughes, 2010; D’Argembeau
et al., 2012; Hughes & Beer, 2013; Kim & Johnson,
2012; Moran, Macrae, Heatherton, Wyland, & Kelley,
2006; Ochsner & Gross, 2005; Sharot, Riccardi, Raio,
& Phelps, 2007): MPFC, OFC, anterior cingulate
cortex (ACC), posterior cingulate cortex (PCC), ven-
tro- and dorso-lateral PFC, and insula.
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RESULTS

Pre-experimental measures of self-
esteem

RSES (Rosenberg, 1965)

A one-way analysis of variance (ANOVA) with
group (No-Threat or Threat) as a factor showed that
groups did not significantly differ (M = 23.65
[SD = 4.48] and M = 24.25 [SD = 3.85] for the
No-Threat and Threat groups, respectively) in their
explicit self-esteem levels prior to the self-esteem
threat manipulation, p > .65.

Letter evaluation task (Nuttin, 1985)

Initials-preference scores were calculated by sub-
tracting the normative rating of each participant’s
first and last initials (averaged across participants
whose names did not contain that letter) from each
participant’s rating of his/her own initials. A one-way
ANOVA with group (No-Threat or Threat) as a factor
showed that groups did not significantly differ
(M =0.88 [SD = 1.19] and M = 1.14 [SD = 2.04]
for the No-Threat and Threat groups, respectively) in
their implicit self-esteem levels prior to the self-
esteem threat manipulation, p > .63. In both groups,
the average scores were significantly greater than
zero, suggesting that participants’ implicit self-esteem
was generally positive, s > 2.49, ps < .05, cohen’s
ds > 1.14.

Manipulation check of the self-esteem
threat manipulation

SSES (Heatherton & Polivy, 1991)

A one-way ANOVA with group (No-Threat or
Threat) as a factor showed that the Threat group
(M = 69.80 [SD = 12.77]) exhibited significantly
lower overall state self-esteem than the No-Threat
group (M = 82.35 [SD = 10.54]), F, 38y = 11.49,
p <.005, npz = .23. Examination of the sub-factors of
the state self-esteem revealed that the Threat group
showed significantly lower performance (M = 24.45
[SD = 5.06]), F, 38y = 9.96, p < .005, np2 = 21,
and social (M = 24.50 [SD = 6.12]) state self-esteem,
Fa. 38 = 1045, p < .005, n,> = .22, than the No-
Threat group (M = 28.80 [SD = 3.52] and M = 29.90
[SD = 4.29] for performance and social self-esteem,
respectively). The appearance self-esteem did not

significantly differ between groups (M = 23.65
[SD = 3.88] and M = 21.85 [SD = 2.93] for the No-
Threat and Threat groups, respectively), p > .10.

PANAS (Watson et al., 1988)

A one-way ANOVA with group (No-Threat or
Threat) as a factor showed that the Threat group
experienced significantly more negative affect after
the pilot tasks (M = 15.95 [SD = 5.30]) than the No-
Threat group (M = 12.35 [SD = 2.01]), F,, 33) = 8.08,
p <.01, np2 =.18. There was no significant difference
between the groups for the amount of positive affect
experienced (M = 26.05 [SD = 4.96] and M = 23.50
[SD = 5.83] for the No-Threat and Threat groups,
respectively), p > .14.

Behavioral results
Source memory

Source memory accuracy was calculated by divid-
ing the number of correct source assignments to each
owner by the total number of items for that owner
type. A mixed-design ANOVA with owner (Mine
or Other) as a within-subjects factor and group
(No-Threat or Threat) as a between-subjects factor
showed only a significant main effect of owner,
Fa. 3z = 8.18, p < .01, n,°> = .18, with a non-
significant main effect of group, p > .29, and a
non-significant 2-way interaction between group
and owner, p > .18. Participants were more success-
ful at remembering an object’s source for items
from the Mine condition (M = 76.39% [SD =
12.76]) compared with items from the Other condi-
tion (M = 71.44% [SD = 14.75]).

Preference ratings

A 2 (group: No-Threat or Threat) X 2 (owner: Mine
or Other) x 2 (time of rating: pre-ownership or post-
ownership) mixed-design ANOVA revealed a signifi-
cant main effect of owner, F(;, 33y = 10.45, p < .005,
np2 = .22, and 2-way interaction between owner and
time of rating, F;, 35y = 36.74, p < .001, n,> = .49.
Importantly, these effects were qualified by a signifi-
cant 3-way interaction among group, owner, and time
of rating, F(; 35 = 14.40, p < .005, n,> = .28. As
shown in Figure 2, simple effects analyses indicated
that in the No-Threat group, Mine objects were given
higher preference post-ownership (M = 3.09
[SD = 0.34]) than pre-ownership (M = 3.02
[SD = 0.33]), Fu. 10) = 5.82, p < .05, n,> = .23,
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whereas there was no significant difference in prefer-
ence ratings between pre- (M = 2.98 [SD = 0.38]) and
post-ownership (M = 2.96 [SD = 0.30]) for the Other
objects, p > .65. In comparison, in the Threat group,
whereas Mine objects were given higher preference
post-ownership (M = 3.02 [SD = 0.37]) than pre-own-
ership (M = 2.82 [SD = 0.38]), F(1, 19y = 17.99, p <
.001, npz = .49, Other objects were given lower pre-
ference post-ownership (M = 2.68 [SD = 0.36]) than
pre-ownership (M = 2.86 [SD = 0.40]), F, 19) =
15.82, p < .005, npz = .46. Subsequent one-way
ANOVAs with group (No-Threat or Threat) as a factor
performed on the post-ownership preference changes
(post-ownership preference ratings minus pre-owner-
ship preference ratings) revealed a greater pre- to post-
ownership preference increase for Mine items in the
Threat group (M = 0.20 [SD = 0.21]) than in the No-
Threat group (M = 0.07 [SD = 0.13]), F(1, 33=5.39, p
< .05, np2 = .12, and a greater pre- to post-ownership
preference decrease for Other items in the Threat
group (M = —0.17 [SD = 0.20]) than in the No-
Threat group (M = —0.02 [SD = 0.15]), F(, 33y =
8.37, p < .01, np2 = .18. Confirming that pre-owner-
ship ratings did not significantly differ between owner
across the groups, a 2 (group) % 2 (owner) mixed-
design ANOVA performed on pre-ownership ratings
showed neither a main effect of owner, p > .96, nor a
2-way interaction, p > .24.

Of the 60 Mine and 60 Other objects, the average
number (and range) of objects that were associated
with increased (i.e., Higher) vs. decreased (i.e.,
Lower) pre- to post-ownership preference ratings in
each group were as follows: In the No-Threat group,
there were 29.95 (23-36) Mine Higher, 21.95 (19-26)
Mine Lower, 22.15 (20-28) Other Higher, and 24.95
(21-27) Other Lower objects. In the Threat group,

there were 31.1 (28-36) Mine Higher, 21.25 (20-24)
Mine Lower, 20.9 (19-27) Other Higher, and 27.85
(22-34) Other Lower objects.

Imagined ownership rating

A one-way ANOVA with group (No-Threat or
Threat) as a factor showed that groups did not sig-
nificantly differ (M = 2.76 [SD = 0.28] and M = 2.73
[SD = 0.29] for the No-Threat and Threat groups,
respectively) in their ratings of how successfully
they could imagine owning the Mine items, p > .66.
In both groups, the average ratings were significantly
higher than the midpoint “2.5” on a 4-point likert
scale, s > 3.49, ps < .01, cohen’s ds > 1.60.

fMRI results

Brain regions showing interaction between
owner and post-ownership preference change
in the No-Threat group

The whole-brain 2 (owner: Mine or Other) x 2
(post-ownership preference change: higher or lower)
interaction analysis performed in the No-Threat group
identified significant activation in vMPFC, ventral
ACC (VACC), medial OFC (mOFC), PCC, and right
insula, along with other regions (see Table 1 and
Figure 3A [insula not shown]). As shown in
Figure 3B, simple effects analyses revealed that in
the No-Threat group whereas there was greater activ-
ity for Mine Higher than for Mine Lower objects in
these regions, Fs(, 19y > 7.38, ps < .05, an s > .28,
activity levels did not differ between Other Higher
and Other Lower objects, ps > .34. In the Threat
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TABLE 1
Peak coordinates showing an interaction between owner and post-ownership preference change in the
No-Threat Group

MNI coordinates (mm)

Brain region (Right/Lefi) BA X y z Z-score
Ventromedial prefrontal cortex (R) 10 2 56 =12 2.77
Ventral anterior cingulate cortex (L) 24 -8 32 -8 3.24
Medial orbitofrontal cortex (R) 11 4 30 -14 2.84
Posterior cingulate cortex (R) 30/23 4 —46 22 341
Insula (R) 13 36 -20 8 3.40
Caudate (L) -12 0 12 3.23
Thalamus (R) 18 -16 8 3.57
Thalamus (L) -14 -18 10 3.67

Note: BA = Brodmann’s area.

group, activity levels in these regions did not differ
between Mine Higher and Mine Lower objects,
ps > .09, or between Other Higher and Other Lower
objects, ps > .28 (Figure 3C).

Brain regions showing interaction between owner
and post-ownership preference change in the
Threat group

The whole-brain 2 (owner: Mine or Other) x 2
(post-ownership preference change: higher or lower)
interaction analysis performed in the Threat group
identified significant activation in right inferior frontal
gyrus (IFG), right middle frontal gyrus (MFG), right
lateral OFC (IOFC), and right insula, along with other
regions (see Table 2 and Figure 4A). As shown in
Figure 4C, simple effects analyses revealed that in the
Threat group whereas there was greater activity for
Mine Higher than for Mine Lower objects in these
regions, Fs1, 19y > 5.65, ps < .05, np2 s > .23, activity
levels did not differ between Other Higher and Other
Lower objects, ps > .31. In the No-Threat group,
activity levels in these regions did not differ between
Mine Higher and Mine Lower objects, ps > .08, or
between Other Higher and Other Lower objects,
ps > .21 (Figure 4B).

Brain regions showing interaction among group,
owner, and post-ownership preference change

The analyses in the previous two sections identified
brain regions in each of the No-Threat and Threat
groups that showed differential activity associated
with the mere ownership effect. As noted above and
shown in Figures 3 and 4, these regions were largely
non-overlapping. To confirm this pattern and poten-
tially identify other regions that differentiated between
No-Threat and Threat groups with respect to the mere

ownership effect, we also conducted a whole-brain
2 (group: No-Threat or Threat) x 2 (owner: Mine or
Other) x 2 (post-ownership preference change:
higher or lower) interaction analysis. This analysis
identified significant 3-way interactions in right
IFG, right MFG, right IOFC, and right insula,
along with other regions (see Table 3). As can be
seen from comparing the list of brain regions in the
Tables 2 and 3, these regions overlapped with those
showing a 2 (owner) X 2 (post-ownership prefer-
ence change) interaction in the Threat group, sug-
gesting differential activity in these regions in the
Threat group drove the 3-way interaction. As
expected, simple effects analyses performed on
IFG, MFG, 10FC, and Insula revealed that in the
Threat group, these regions showed greater
activity for Mine Higher than for Mine Lower
objects, Fs(, 19y > 8.07, ps < .05, np2 s > .30,
with no significant difference between Other
Higher and Other Lower objects, ps > .58. As for
the No-Threat group, activity in these regions did
not significantly differ between Mine Higher and
Mine Lower, ps > .09, or between Other Higher
and Other Lower, ps > .08.

No region listed above showed a 3-way interac-
tion that was driven by differential activity in the
No-Threat group. In an exploratory manner, we
used a lenient threshold (uncorrected p < .01, num-
ber of contiguous voxels >20) to identify brain
regions in which the No-Threat group showed dif-
ferential activity patterns in response to ownership-
induced preference changes compared to the Threat
group. At this more lenient threshold, brain regions
showing a 3-way interaction driven by activity pat-
terns in the No-Threat group included vMPFC,
vACC, along with left middle temporal gyrus, as
shown in Table 3. Consistent with the results
obtained from the 2 (owner) x 2 (post-ownership
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TABLE 2
Peak coordinates showing an interaction between owner and post-ownership preference change in
the Threat Group

MNI coordinates (mm)

Brain region (Right/Lefi) BA X y z Z-score
Inferior frontal gyrus (R) 44 48 12 18 4.02
Middle frontal gyrus (R) 6 42 2 52 3.75
Lateral orbitofrontal cortex (R) 47 42 24 -6 3.83
Frontal pole/Inferior frontal gyrus (R) 46 46 36 6 3.50
Insula (R) 13 38 4 -2 3.36
Superior frontal gyrus (R) 6 18 4 68 3.15
Precuneus (L) 7 -2 —44 52 3.66
Precentral gyrus (R/L) 6 0 —14 60 3.69
Postcentral gyrus (L) 24 —4 —44 64 3.46
Superior temporal gyrus (R) 22 58 -8 -8 3.45
Supramarginal gyrus (R) 13 50 —42 14 342
Temporal occipital fusiform cortex (R) 37 44 —48 —26 3.38
Superior lateral occipital cortex (L) 7 -18 —68 38 3.24
Occipital pole (L) 18 -26 -98 14 3.39

Note: BA = Brodmann’s area.

preference change) interaction analysis in the No-
Threat group shown in Table 1 and Figure 3, in the
No-Threat group, activity in vMPFC and vACC was
greater for Mine Higher than for Mine Lower objects,
Fsq, 199 > 6.58, ps < .05, np2 s > .25, with no
significant difference between Other Higher and
Other Lower objects, ps > .60. As for the Threat
group, neither VMPFC nor vACC showed differential
activity levels in response to Mine Higher vs. Mine
Lower, ps > .53, or in response to Other Higher vs.
Other Lower objects, ps > .10.

DISCUSSION

Numerous empirical studies demonstrated that simply
acquiring ownership of an object produces greater
liking for owned objects compared to similar or iden-
tical objects that are not owned by the self (Beggan,
1992; De Dreu & van Knippenberg, 2005; Feys,
1991; Huang et al., 2009). The mere ownership effect
has been suggested to arise due to individuals’ ten-
dency to self-enhance that extends to overvaluing
objects that are associated with the self (Beggan,
1992; De Dreu & van Knippenberg, 2005). In the
current study, we identified the neurobiological
expression of the mere ownership effect and assessed
the potential influence of motivational context (here,
the presence of a threat to one’s self-esteem) on the
neural expression.

Under no self-esteem threat, we found greater
activity in vMPFC, vACC, mOFC, PCC, and insula

when people evaluated their own objects as more vs.
less favorable compared to their evaluations prior to
ownership acquisition. Importantly, vMPFC and
vACC were selectively engaged during positive eva-
luations of owned objects in the No-Threat vs. Threat
group. Previous work has documented a recruitment
of VMPFC in self-related processing in general
(Lieberman, 2010), for example, when reflecting on
one’s personality attributes (e.g., Moran et al., 2006)
and thinking about one’s aspirations and obligations
(Johnson et al., 2006). Recent work has suggested a
role of vVMPFC/mOFC in representing or evaluating
personal significance of self-related information
(Abraham, 2013; D’Argembeau, 2013; Kim &
Johnson, 2014b) and in generating affective meaning
of incoming stimuli for flexible, goal-directed deci-
sion making (Roy, Shohamy, & Wager, 2012); for
example, activity in vMPFC/mOFC when participants
judge how well trait adjectives described them was
positively related to post-scan ratings of how impor-
tant it was to participants to possess or not to possess
certain personality attributes (i.e., emotive investment
in self-views, D’Argembeau et al., 2012). In addition,
the vACC has been shown to differentiate positive
valence from negative valence for both self-relevant
(e.g., Moran et al., 2006; Somerville, Heatherton, &
Kelley, 2006) and non-self-relevant information (e.g.,
Beer & Hughes, 2010; Hughes & Beer, 2012b), show-
ing greater activity for positive than negative informa-
tion in both cases. Taken together, the current findings
suggest that when self-esteem is not at stake, brain
regions that process personal/affective significance
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TABLE 3
Peak coordinates showing an interaction among group, owner, and post-ownership preference change

MNI coordinates (mm)

Brain region (Right/Left) BA x y z Z-score

A. 3-way interaction driven by the Threat group (cluster-corrected, p < .05)
Inferior frontal gyrus (R) 9/44 50 12 20 3.22
Middle frontal gyrus (R) 6 44 6 50 3.29
Lateral orbitofrontal cortex (R) 13/47 32 26 -6 291
Insula (R) 13 30 22 -2 3.03
Frontal pole (R) 10/46 46 48 6 3.36
Superior frontal gyrus (R) 6 30 0 64 2.93
Precentral gyrus (R) 6 50 6 42 2.95
Inferior lateral occipital cortex (L) 19 —44 —86 8 2.90
Occipital fusiform gyrus (L) 19 =30 =78 —20 3.05
Temporal occipital fusiform cortex (L) 20/37 —36 —48 —26 2.87
Inferior temporal gyrus (L) 37 —48 —64 -22 2.85
Occipital pole (L) 18 —40 -92 4 3.49

B. 3-way interaction driven by the No-Threat group (uncorrected, p < .01)
Ventromedial prefrontal cortex (L) 10/32 -6 42 —-16 2.63
Ventral anterior cingulate cortex (L) 24 -8 26 -12 2.79
Middle temporal gyrus (L) 21 -60 -20 -14 3.09

Note: BA = Brodmann’s area.

and valence of incoming information work in concert
to support positive evaluations of one’s own objects.

Under self-esteem threat, however, we found
recruitment of brain regions that are quite different
from those found under no such threat. When partici-
pants’ self-esteem was threatened via negative perfor-
mance feedback, favorable evaluations of owned
objects were associated with activity in IFG, MFG,
10FC, and insula, the regions frequently found to be
recruited during successful regulation of threatening
experiences and negative emotion (Ochsner & Gross,
2005; Ochsner et al., 2002). Importantly, these regions
were selectively engaged during positive evaluations
of owned objects in the Threat vs. No-Threat group.
Ventrolateral PFC, especially IFG in the right hemi-
sphere, has been implicated in inhibitory control func-
tions such as self-control (Aron, 2007; Tabibnia et al.,
2011), and dorsolateral PFC, including MFG, has
been associated with selective attention and working
memory functions (Banich et al., 2000; Curtis &
D’Esposito, 2003). The current findings thus suggest
that the mere ownership effect arising from a heigh-
tened need to maintain/protect self-esteem may
engage higher-order inhibitory/selective cognitive
mechanisms (e.g., suppression of processing negative
attributes of one’s own objects supported by IFG,
selective processing of positive attributes and/or main-
taining the self-protection motivation/goal in mind
supported by MFQG).

By demonstrating engagement of different net-
works of brain regions underlying the expression of

the mere ownership effect in the absence vs. presence
of self-esteem threat, the current findings provide
initial support that different neural and psychological
mechanisms may underlie behavioral manifestations
of positively-biased evaluations of self-associated
entities depending on motivational context in which
the evaluation takes place. These findings therefore
augment previous findings indicating that motiva-
tional context affects the neural mechanisms recruited
during positive self-evaluations (Hughes & Beer,
2012a, 2013). What might be the kinds of psycholo-
gical processes that are associated with different
neural networks under the absence vs. presence of
self-esteem threat? That the processing of personal/
affective significance and self-relevancy can occur in
an automatic/spontancous manner (D’Argembeau
et al., 2012; Moran, Heatherton, & Kelley, 2009;
Rameson, Satpute, & Lieberman, 2010) suggests that
psychological processes supporting the mere owner-
ship effect under no self-esteem threat may reflect
automatic or implicit forms of self-enhancement
(e.g., implicit egotism, Pelham, Carvallo, & Jones,
2005) supported by automatic/spontaneous assess-
ment of personal significance of self-owned objects
as a “default” or “routine” mechanism in the service
of one’s need to “feel good” (Alicke & Sedikides,
2009). Identifying a network of brain regions support-
ing implicit self-positivity biases toward self-asso-
ciated entities (e.g., the name letter effect, Nuttin,
1985; implicit positive evaluations of one’s posses-
sions; Huang et al., 2009) and comparing it to the one



found under the No-Threat condition in the current
study should shed light on this possibility. The psy-
chological processes supporting the mere ownership
effect under self-esteem threat, in contrast, may reflect
relatively more deliberate, strategic forms of self-
enhancement. Future studies that investigate similari-
ties and dissimilarities between brain regions under-
lying the mere ownership effect when individuals are
not consciously aware of the presence of threat to the
self (e.g., sub-threshold presentation of an association
between self-related and threat-related words in an
ostensibly unrelated task) and the brain regions
found under No-Threat vs. Threat conditions in the
current study should help better characterize the nat-
ure of psychological processes supporting self-
enhancement as used as a “defense” mechanism
(Alicke & Sedikides, 2009).

Whether object perception is better construed as
social or nonsocial is determined by the feelings and
thoughts of a perceiver about a target object, rather
than the nature of the object itself (Brewer, 1988).
Thus, to the extent that self-associated objects are
imbued with the “unique interest” that each individual
places on the self (James, 1890/1983), individuals’
perceptions and evaluations of those objects can be a
“social” process just as perceiving and evaluating the
self is (Beggan, 1992). Further efforts to delineate
conditions under which similar or different neural
and psychological mechanisms contribute to favorable
construal of self and self-associated entities and the
boundary conditions under which motivationally
induced biases occur should contribute to our under-
standing of how the self construes the world and, by
extension, to our understanding of social processing
more generally.
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