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The  human  tendency  to acquire  and  keep  large  quantities  of  goods  has become  a  serious  concern,  but
has yet  to be examined  from  a neuroscientific  perspective.  The  mesolimbocortical  system,  particularly
the  orbitofrontal  cortex  (OFC)  and  nucleus  accumbens  (NAcc),  is  implicated  when  humans  and  animals
acquire  rewards.  However,  this  may  not  extend  to  acquisitiveness  per  se,  which  involves  fairly  mundane
items  and  is  interconnected  with  a  failure  to  discard.  Moreover,  the  NAcc  has  not  been  implicated  in
neuroimaging  studies  of  the  extreme  acquisitiveness  of  compulsive  hoarders.  In  a  study  of  the  neural
bases  of  normal  acquisitiveness,  subjects  made  decisions  during  functional  neuroimaging  to  acquire  or
remove  everyday  items  from  a hypothetical  collection,  while  maximizing  personal  preference  or  mone-
tary profit.  All  decisions  engaged  the OFC,  but  the  OFC  and  all  regions  of interest  shifted  in  their  relative
involvement  across  the  four  decision  contexts.  The  NAcc  was  only  engaged  during  personal  acquisition
to  the  extent  of  problematic  hoarding,  suggesting  that  even  common  items  can  acquire  an  incentive
salience  that  makes  them  hard to  resist  for acquisitive  individuals.  The  types  of  items  preferred  also

shifted  with  condition,  with  subjects  only  being  biased  toward  expensive  items  when  instructed  to max-
imize  profit.  Item  preferences  even  differed  depending  on  whether  participants  were  acquiring  versus
removing  items,  even  though  the  task  only  differed  superficially  in the  two conditions.  Acquisitiveness
reflects  a complex  mix  of  affective,  cognitive,  and personality  factors  that  extend  well  beyond  the drive
to acquire  valuable  resources,  with  important  implications  for basic  decision  science,  sustainability,  and
pathologies  associated  with  compulsive  acquisition.
. Introduction

Modern society, with all of its splendors, is starting to come
o grips with the downside of excessive consumption. The size of
he average American home has more than doubled over the past
0 years (NAHB, 2003), yet many Americans still require a pub-

ic storage unit to accommodate their excesses, occupying almost
wo billion total square feet of space (Vanderbilt, 2005). Our con-
umptive habits have also drawn the attention of the media and
ocal policy makers, with countless television shows, news reports,
nd city programs depicting the uphill struggle against material

xcesses in both typical individuals and those with severe compul-
ive hoarding. Despite the prominence of consumption in the media
nd the public sphere, little work in neuroscience has directly
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investigated our “acquisitive” drive, that is, our desire to have and
keep many items per se, which is distinct from the desire or need
for any one particular item.

Prior work (reviewed in Preston, 2011) suggests that acquis-
itiveness could be subserved by the mesolimbocortical system,
which has been implicated in human and nonhuman decisions
to acquire rewarding items. For example, the orbitofrontal cortex
(OFC) and nucleus accumbens (NAcc) are implicated in nonhu-
man  food hoarding (Kolb, 1974; Lacroix, Broersen, Weiner, &
Feldon, 1998; Walton et al., 2009; Whishaw, 1993) and the more
general learning and prediction of consummatory rewards (Kim,
Shimojo, & O’Doherty, 2010; O’Doherty, Kringelbach, Rolls, Hornak,
& Andrews, 2001; Rolls, 2000). Similarly, this system is activated in
humans during decisions about valuation (Chib, Rangel, Shimojo,
& O’Doherty, 2009; Plassmann, O’Doherty, & Rangel, 2007), mone-
tary rewards (Breiter, Aharon, Kahneman, Dale, & Shizgal, 2001;
Knutson, Fong, Adams, Varner, & Hommer, 2001; Kuhnen &

Knutson, 2005; Zald et al., 2004), and purchasing (Deppe, Schwindt,
Kugel, Plassman, & Kenning, 2005; Erk, Spitzer, Wunderlich, Galley,
& Walter, 2002; Knutson, Rick, Wimmer, Prelec, & Loewenstein,
2007; Paulus & Frank, 2003). Reflecting acquisitiveness more
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Fig. 1. Schematic diagram of one sample run of the experiment. Each of the five runs
includes a beginning, middle and end fixation slide, separated by two experimental
periods. In each of the two experimental periods, subjects perform one block of
each of the five conditions (order randomized). Each block consists of eight trials.
For each trial, the block type is listed at the top at all times and subjects view two
40 J.M. Wang et al. / Neurop

irectly, abnormalities in the human OFC are associated with com-
ulsive acquisition of goods in patients with acquired brain damage
e.g., Anderson, Bechara, Damasio, Tranel, & Damasio, 1999; Hahm,
ang, Cheong, & Na, 2001; Volle, Beato, Levy, & Dubois, 2002) and
ith a variant of Obsessive–Compulsive Disorder (OCD) (reviewed

n Pertusa et al., 2010).
However, other evidence suggests that acquisitiveness per se is

istinct from simply acquiring rewards. In particular, acquisitive-
ess involves not only the drive to acquire, but also to hold onto
nd fail to discard many items, even those that do not seem particu-
arly valuable or useful. For example, compulsive hoarders typically
ave trouble with both over-acquisition and an inability to discard
oods, as they fill their homes with seemingly useless items that
hey nonetheless cannot discard (Frost & Gross, 1993; Maier, 2004;
ertusa et al., 2010; Steketee & Frost, 2003). In addition, the neural
orrelates of compulsive hoarding are not completely overlapping
ith those for acquiring rewards, with dysfunction demonstrated

n the OFC but not the NAcc (An et al., 2008; Tolin, Kiehl, Worhunsky,
ook, & Maltby, 2009); this lack of association between the NAcc
nd compulsive hoarding in particular calls into question a general
opaminergic, mesolimbic explanation for excessive acquisitive-
ess.

Of course, pathological hoarding may  not be continuous with
ormal acquisitiveness, but studies of normal individual differ-
nces suggest that they are. For example, unimpaired individuals
ho acquire many more items than their peers during an experi-
ental task also have more trouble discarding items to meet space

onstraints, they perceive objects as more useful and beautiful, and
hey have higher scores on trait indices associated with compulsive
oarding including hoarding impairment, OCD, depression, and

ndecisiveness (Preston, Muroff, & Wengrovitz, 2009). Moreover,
n this task, most participants prefer the relatively inexpensive,
mmediately useful items such as fruit, snacks, office supplies, petty
ash, tissues, and dental floss. These data suggest that acquisitive-
ess varies continuously with compulsive hoarding and may  reflect
n enhanced perception of items that is unrelated to their objective,
xtrinsic value.

To examine the neural correlates of acquisitiveness, while
pecifically dissociating it from simply acquiring rewards or max-
mizing monetary pay-offs, we compared the types of objects
elected and the neural regions activated when subjects made deci-
ions to acquire or remove a range of common domestic goods from

 hypothetical collection, while instructed to maximize personal
reference versus monetary profit. To determine how these sys-
ems contribute to individual differences in acquisitiveness, task
ctivity in all four conditions was correlated with standard trait
easures of hoarding that capture a variety of material tenden-

ies including over-acquisition, trouble discarding, excess clutter
SI-R; Frost, Steketee, & Grisham, 2004), and unusual beliefs about
bject meaning (SCI-R; Steketee, Frost, & Kyrios, 2003). To directly
est the hypothesis that the two critical mesolimbocortical neural
egions for food storing in animals (NAcc and OFC) are also impli-
ated in human decisions to acquire and remove goods, we included
hese as the main regions of interest (ROIs), along with the dorsolat-
ral prefrontal cortex (DLPFC), which was expected to be recruited
ore for monetary than personal decisions (Gilbert & Fiez, 2004;
are, Camerer, & Rangel, 2009). Trait hoarding tendencies were
nly expected to predict neural activation during personal and not
onetary decisions.

. Materials and methods
.1. Participants

Participants were healthy, right-handed adults between the ages of 18 and
3  (11 males, 9 females; mean (SD) age = 20.4 (1.16)) recruited through public
ostings at the University of Michigan and paid $40 for their participation. To
objects next to one another and select one by pressing the corresponding key on the
button-press box. After a selection is made, a gray border appears around the item.

examine the neural correlates of normal decision processes and individual dif-
ferences, individuals were excluded if they had any history of psychiatric or
neurological illness (e.g., depression, anxiety, closed head injury) or psychopathol-
ogy associated with compulsive hoarding excluding those who scored >10 on the
Beck Depression Inventory-II (BDI-II; Beck, Steer, & Garbin, 1988), >20 on the
Obsessive–Compulsive Inventory-Revised (OCI-R; Foa et al., 2002), or >19 on the
Hoarding Rating Scale (HRS-HS; Tolin, Frost, & Steketee, 2010, in accordance with
published criteria). Participants were also screened for MRI  safety.

2.2. Behavioral procedures

Subjects first viewed all 80 object pictures outside of the scanner and performed
several practice trials with nontask objects before the scan session and during
structural scans preceding the task to habituate them to procedures before data
collection. The task was programmed and presented using EPrime (version 1.3, Psy-
chology Software Tools). The 80 items were selected from the top 90 most desirable
items (out of 214) from a previous version of the Object Decision Task (ODT; Preston
et al., 2009). The selection process excluded items that were previously uniformly
preferred or undesired, resulting in a wide range of item price ($1–$150) and desir-
ability. This selection process ensured that the task reflected the heterogeneity of
common goods while still engaging subjects.

A schematic of the design is provided in Fig. 1. All trials employed a 2-alternative
forced-choice procedure (2AFC) in which two pictures were presented side-by-side
on each trial and participants had to select one of the two items under five differ-
ent  block types that had different instructions: personal-acquire, personal-remove,
monetary-acquire, monetary-remove, control. The forced-choice, block design was

used to maximize the sensitivity of the comparison across decision types (e.g.,
personal versus monetary and acquire versus remove) and to avoid large inter-
individual variation in the number of items acquired or retained when cost is not a
consideration (Preston et al., 2009).
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During the personal-acquire block, participants were instructed to “imagine that
oth of the items shown are in the lab and available for you to take home for free
oday . . . You should select the item that you want the most out of the two objects, in
rder to add it to your pile of items to take home afterwards.” The personal-remove
lock had the same first sentence, amended in the second sentence to “. . . select out
he  item that you do not want, out of the two objects, in order to remove it from
our pile of items to take home afterwards.” During the monetary-acquire block,
articipants were instructed to “imagine that both of the items shown are available
or  you to take to sell at an online auction and that we  will let you keep any of the
rofits that you make from the final sale. The goal is to make as much money as
ossible . . . You should select the item that is worth the most money, in order to
dd it to your pile to sell afterwards.” Similarly, the monetary-remove instructions
mended the third sentence to instruct participants to “select the item that is worth
he  least money, in order to remove it from your pile to sell afterwards”. For the
ontrol condition, participants were instructed to “ignore information about which
tems you like or which is worth the most money. Simply select the item that you
hink  takes up the most space in the picture, that is, occupies the largest proportion
f  the picture, relative to the neutral background. Importantly, you do not want to
hink about the actual size of the objects in real life—simply choose based on their
roportional size in the picture, as it is presented here.” The control condition thus
imilarly required participants to perceive and compare the two objects, select one,
nd press the corresponding button, but did not require any valuation.

These instructions have two important entailments: firstly, the removal phase
iterally required subjects to remove unwanted items, but not items that were
reviously endowed or would end up in the trash, as occurs in studies with compul-
ive  hoarders (e.g., Tolin et al., 2009). This procedure was intentionally selected
o determine if there are any basic, underlying cognitive differences between
aking in desired items and removing out unwanted items, before introducing
ndowment or loss-aversion. Secondly, in all experimental blocks, decisions were
ypothetical—participants knew in advance that no items would be exchanged. This
rocedure has been shown in many prior studies to engage subjects appropriately
nd to elicit performance with external validity that mimics real-world differences
n  acquisitiveness (e.g., Preston et al., 2009). After neuroimaging, all subjects rated
he objects on desirability and monetary value so that retained items could be
ompared across blocks and participants.

A  slide at the beginning of each block summarized the block instructions, and
he  block title remained on the screen throughout to ensure subjects would remem-
er which decision they were making. Within each block, the instruction slide was
resented for 7.5 s before automatically advancing to the first trial. Each trial lasted
or  3 s and there were 8 trials per block, producing 25.6-s blocks and 6.6-min runs.
locks were grouped into 5 runs of 10 blocks, each with two replicates per block
ype, per run (pseudorandomized to ensure one of each block type in each half of
he  run). Baseline fixation slides were also added to the beginning, middle, and end
f  the study as an additional control (25 s, 20 s, 20 s, respectively). For each trial, par-
icipants could respond at any time during the 3 s interval using a button box with
heir right hand (dominant for all subjects). Regardless of when they responded, the
rial did not advance until after the 3 s elapsed so that bins of functional data would
e  consistent across trials and blocks. In the last 200 ms of each trial, a gray border
ppeared around the selected item for feedback.

Following the fMRI session, participants rated the 80 objects on desirability
from 1 to 7) and price (in whole numbers, e.g., $0, $1, $2 . . .). These data were used
rimarily as a manipulation check to ensure that subjects preferred more desir-
ble  items during the personal frame and more valuable items during the monetary
rame. They were also used to classify objects along a continuum from high personal
esirability to high monetary value so that objects retained in each condition could
e  compared for behavioral analysis.

Lastly, participants filled out a series of personality and psychopathology sur-
eys  to investigate the relationship between task activation and trait differences in
bject possession. The Saving Inventory-Revised contains a total score and separate
ubscales for excessive acquisition, trouble discarding, and excessive clutter (SI-R;
rost et al., 2004). The Savings Cognitions Inventory-Revised includes a total score
nd separate subscales for emotion, control, memory, and personality responsibility
or  objects (SCI-R; Steketee et al., 2003). Both scales predict clinical and nonclini-
al levels of trait hoarding and were expected to be associated with BOLD signal
ncreases in the ROI during personal acquisition.

.3. Behavioral analysis

Behavioral analyses were preformed using SPSS 17.0. The alpha level was set
t  0.05 for all comparisons. The time to decide on each trial was  compared across
onditions. Univariate ANOVA was performed on trial-by-trial data, first comparing
ersonal and monetary trials (ignoring response type) and then comparing acquire
nd remove trials (ignoring the frame), with subject identity modeled as a random-
ffects factor in both cases. Paired-samples t-tests also compared the mean reaction
ime (RT) per block type, per subject, for each experimental block type (personal-

cquire, personal-remove, monetary-acquire, monetary-remove) compared to the
ontrol size discrimination.

Analyses were conducted to investigate qualitative object preferences across
onditions. As a simple manipulation check, two separate univariate ANOVAs were
erformed on trial-by-trial data to examine the proportion of trials where the most
ogia 50 (2012) 939– 948 941

expensive (or desired) item of the two was selected, across instruction sets (this
included a dependent measure that coded yes (1) or no (0), a random-effects fac-
tor for participant identity, and a fixed factor with two  levels for instruction set
(personal, monetary)). As a more sensitive measure of changes in item preferences
across blocks, an additional Repeated-Measures (RM) ANOVA compared changes
in  the ranking of objects retained across block types. Rankings were calculated per
block type by computing the frequency of object selection across subjects and then
ranking object frequencies from most (1) to least preferred. There is no a priori value
for  the worst rank, since items taken the same number of times across subjects share
a  non-unique rank, causing the maximum rank to differ by block. More subjective
decisions produce more variable behavior, yielding more ties and lower maximum
ranking values, observed as a main effect of block in the RM-ANOVA. A covariate was
also included in the analysis to capture each object’s overall position on a continuum
from more desirable than expensive (positive values) to more expensive than desir-
able  (negative values). This continuum was  created by subtracting the standardized
mean rating of monetary value from the standardized mean rating of desirability,
per  object, across subjects, which is a very sensitive measure of preference changes
because it reduces the influence of items that are both expensive and desirable or
inexpensive and undesirable. Inclusion of this covariate also provides an additional
manipulation check, observed as an interaction between block type and the item
quality covariate in the RM-ANOVA.

2.4. fMRI data acquisition

Functional MRI  acquisition parameters were modeled from a prior study on
the  neural substrates of purchasing decisions (Knutson et al., 2007). Thirty axial
slices (3 mm thick, in-plane resolution 3 mm × 3 mm,  no gap) were acquired on a
3  T General Electric MRI  scanner at the University of Michigan with a T2*-sensitive
spiral-in/out pulse sequence (TR = 2 s, TE = 30 ms,  flip = 90◦) designed to reduce sig-
nal  dropout (Glover & Law, 2001). This sequence provided adequate coverage and
spatial resolution of the OFC and subcortical regions of interest, including the NAcc. A
T1 axial sequence overlay and T1-weighted spoiled grass sequence high-resolution
structural scans (SPGR; 1.4 mm thick, voxel size 1 mm × 1 mm)  were also acquired
to  facilitate localization and coregistration of functional data.

2.5. fMRI pre-processing

Pre-processing and analysis of the imaging data were completed using sta-
tistical parametric mapping software (SPM5; Wellcome Department of Imaging
Neuroscience, University College London, UK). Images were first corrected for slice
timing, then realigned and corrected for movement. The realigned images were
then co-registered to an SPGR image with the skull removed, normalized to the MNI
(Montreal Neuroimaging Institute) brain structural template, and then smoothed
with a [4 4 4] Gaussian kernel.

2.6. fMRI contrast and conjunction analyses

First-order analysis used the General Linear Model to create a contrast image
with voxel-wise t-statistics for each experimental condition compared to the control
task, per participant (i.e., personal > control, monetary > control, acquire > control,
remove > control). To remove effects due to differences in difficulty between block
types, average reaction time (RT) per block was modeled as a nuisance covariate. In
addition, head movement tolerance was set at 3 mm and head movement parame-
ters  were modeled as nuisance covariates for each TR. No participant was excluded
due  to head movement.

Second-level analysis was performed for each contrast using SPM5s “flexible
factorial” model (SPM5; Wellcome Department of Imaging Neuroscience, University
College London, UK). The first factor in the model included the fractionally weighted
subject vectors. The second factor included the control condition subtracted
from each experimental condition (i.e., personal > control, monetary > control,
acquire > control, remove > control), using participants’ contrast images from the
first-order analysis. To determine if any regions were differentially recruited across
the  experimental blocks, the same flexible factorial model (with the control block
first subtracted from each experimental block type) was used to compare all per-
sonal blocks to all monetary blocks (personal > monetary and monetary > personal,
averaging across acquire and remove) and to compare all acquire blocks to all discard
blocks (acquire > remove and remove > acquire, averaging across personal and mon-
etary). For the whole brain analysis, significant clusters were defined as exceeding
a  threshold value of p < 0.05, corrected for multiple comparisons using the False
Discovery Rate (FDR) at the voxel level (Genovese, Lazar, & Nichols, 2002). The
FDR  correction did not yield any differences across the highly similar experimen-
tal  conditions, so we report significant clusters for these contrasts that exceeded a
threshold value equivalent to a one-tailed t-test at p < 0.05, Bonferroni corrected for
multiple comparisons at the cluster level.

To determine if the NAcc and OFC were particularly involved during the more

natural decisions to acquire goods for personal use, and if the DLPFC was more
engaged during profit-maximizing monetary decisions, region-of-interest (ROI)
small volume correction analyses were applied to explicit, structurally defined
masks for the OFC, NAcc, and DLPFC to the second-level experimental con-
trasts. Significant voxels were identified using a p < 0.05 with an extent threshold
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Table 1
Results from the whole brain and region of interest (ROI) analyses at the group level for each experimental contrast.

Decision Region of activation MNI  coordinates Z score Cluster size (corrected p) Analysis

Personal > Monetary Medial OFC, SFG −2, 62, −4 4.51 3269 (0.016) Whole brain
−18,  64, 20 4.76
−16, 50, 36 4.44

Medial OFC −2, 62, −4 4.51 577 ROI
Gyrus rectus 4, 28, −20 2.88 270 ROI

Monetary > Personal L: Inf. FO, postcentral gyrus, STG, MTG, insula,
precentral gyrus, SMG, HPP

−62, 12, 20 3.84 9313 (<.001) Whole brain
−58,  4, −12 3.54
−58, −34, 4 3.43

R:  Insula, inferior triangularus, MFG 36, 46, 2 3.17 2549 (.057) Whole brain
38,  24, 0 3.07
42, 14, 2 3.02

Bilateral DLPFC −50, 0, 24 2.98 27 ROI
−54,  30, 22 2.85 19
40, 36, 14 2.75 54
−46, 12, 30 2.48 20
46, 4, 28 2.3 23
−50, 40, 6 2.29 16
36, 16, 34 2.2 5
−44, 44, 10 2.05 6
48, 10, 30 1.88 6

Acquire > Remove Medial OFC 2, 24, −14 2.16 5 ROI
Gyrus Rectus −12, 28, −14 2.43 9 ROI

−2,  30, −22 2.43 14
−6, 44, −22 2.29 38

Remove > Acquire R NAcc 12, 10, 2 2.07 14 ROI
Bilateral DLPFC −52, 10, 30 2.96 69 ROI

−48,  42, 24 2.88 17
−42, 36, 36 2.61 48
46, 26, 42 2.36 31
44, 34, 34 2.46 6
−52, 30, 24 2.27 11
−42, 16, 34 2.03 17
−40, 2, 30 1.96 8
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ote. Region abbreviations in alphabetical order: dorsolateral prefrontal cortex (D
nferior frontal operculum (inf. FO); orbitofrontal cortex (OFC); superior frontal gyr
re  provided for the whole brain analysis results in parentheses after the cluster siz

orrection of 5 voxels (Ernst et al., 2004; Knutson et al., 2008; Zink, Pagnoni, Martin,
hamala, & Berns, 2003). The OFC was structurally defined from the MNI  template in
arsBar (Tzourio-Mazoyer et al., 2002), the DLPFC was defined from BA9 and BA46

Blumenfeld, Parks, Yonelinas, & Ranganath, 2011), and the NAcc was  defined using
n  8 mm diameter sphere from a related prior study (NAcc centered on MNI: ±12,
0, −2; Knutson et al., 2007). Across all neuroimaging analyses, significant regions
ere characterized by comparing the MNI  coordinates of peak cluster activation
sing the WFU  Pick Atlas toolbox (Casanova et al., 2007) and by overlaying signif-

cant voxels on a normalized group SPGR image and visually identifying regions of
ctivation using the Duvernoy Atlas (Duvernoy & Bourgouin, 1999).

.7. fMRI trait correlation analysis

Bivariate Pearson correlations between brain activation data, trait personality,
nd psychopathology data were performed across participants using SPSS on the
OIs  specified in Section 2.6 (DLPFC, OFC, and NAcc). Individual ROI contrast val-
es were obtained with the MarsBar toolbox for SPM5 (Brett, Anton, Valabregue,

 Poline, 2002) using the average of all beta weights in each voxel for across
he ROI for the contrast between experimental tasks (i.e. acquire > remove; per-
onal > monetary) for each individual subject.

. Results

.1. Behavior

Reaction time (RT) differed across blocks (F(4,76) = 10.00,
 < 0.001). Personal decisions took longer than monetary decisions
F(1,19) = 4.83, p < 0.05), presumably because of their subjectiv-
ty (see below). Decisions to remove items also took longer than
ecisions to acquire (F(1,19) = 33.70, p < 0.001), likely reflecting the
ess intuitive and more comparative process required to select
ut the unpreferred item while discarding. Both removal frames
personal and monetary) also took longer than the control size
iscrimination task (t(19) < −3.27, p < 0.01). The two  acquisition
 hippocampus (HPP); middle frontal gyrus (MFG); middle temporal gyrus (MTG);
G); superior temporal gyrus (STG); supramarginal gyrus (SMG). Corrected p values

frames took longer on average than the control task, but the differ-
ence was not significant (t(19) > −1.45, p > 0.16). To remove effects
due to difficulty across decision types, average RT per block was
modeled as a nuisance covariate for all functional imaging con-
trasts.

Behavioral data from the items selected across frames are
plotted in Fig. 2 (personal-monetary) and 3 (acquire-remove). Con-
firming that subjects followed task instructions, and preferred
objects for reasons other than monetary value, items rated as more
desirable than valuable were taken more often during personal than
monetary blocks and vice versa (univariate tests: F(1,19) > 29.76,
p < 0.001; RM-ANOVA interaction: F(1,78) = 19.77, p < 0.001). More-
over, item rankings varied more in personal than monetary blocks
(F(1,78) = 3.83, p = 0.05), tended to vary more in acquire than
remove blocks (F(1,78) = 2.77, p = 0.10), and interacted such that
subjects’ preferences were most variable when acquiring for per-
sonal reasons (F(1,78) = 11.07, p = 0.001). This means that personal
decisions were not only more subjective, but that their subjective
nature was  more powerful when the response format utilized the
natural format to select in desired items.

From a qualitative standpoint, inexpensive, immediately
rewarding items were preferred in the personal condition (e.g.,
snacks, petty cash) while more expensive, aesthetic items were
preferred when maximizing profit (e.g., handmade vase, decorative
pot) (Fig. 2). The response format also affected the type of items
selected. When simply selecting preferred items in the acquire
frame, subjects were biased to select shiny, metallic objects (e.g.,

scissors, light bulbs, a soup pot with chrome/glass lid) while more
utilitarian items (soap, staples, sandwich bags) were preferred
when they had to remove the item they did not want in the removal
frame (Fig. 3).
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Fig. 2. Results from the behavioral data contrasting personal and monetary decisions. The difference in frequency with which an item was selected in the two  conditions is
plotted on the y-axis (personal minus monetary). Positive y-axis values mean that an item was taken more in the personal than the monetary frame and negative values mean
it  was taken more in the monetary than the personal frame, as indicated in the shaded arrows to the left side. The x-axis plots items by their quality from more desirable than
valuable (positive values) to more valuable than desirable (negative values), as indicated in the shaded arrows below. Outlier items are labeled on the graph to represent the
most  biased items by condition.

Fig. 3. Results from the behavioral data contrasting acquire and remove decisions. The difference in frequency with which an item was selected in the two conditions is
plotted on the y-axis (acquire minus remove). Positive y-axis values mean that an item was  taken more when acquiring than removing and negative values mean it was taken
more  when removing than acquiring, as indicated in the shaded arrows to the left side. The x-axis plots items by their quality from more desirable than valuable (positive
values)  to more valuable than desirable (negative values), as indicated in the shaded arrows below. Outlier items are labeled on the graph to represent the most biased items
by  condition.
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Fig. 4. Bilateral activation in the OFC that is significantly greater than the control decision making task in all four conditions, at the whole brain, group level. Data are shown
with  a voxel level p < 0.05 with FDR correction and spatial extent threshold of 5 voxels. The acquisition cluster was 539 voxels with an MNI  coordinate maxima at 4, 28,
−20.  The removing cluster was  330 voxels with the maxima at −4, 30, −18. The personal cluster was 646 voxels at 2, 28, −20. The monetary cluster was 304 voxels at 0, 28,
−18.  The bar graph depicts the average signal extracted from the overlapping region of the paired conditions using the MarsBar tool (Brett et al., 2002), from each individual
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ondition compared to control with standard error bars.

.2. Neural activation

.2.1. fMRI contrast and conjunction analyses
At the level of the whole brain, compared to the control size-

iscrimination task, all four experimental conditions (personal,
onetary, acquire, remove) activated the medial OFC more, includ-

ng bilateral gyrus rectus and posterior medial OFC. In addition,
he personal condition showed greater activation in the medial
uperior frontal gyrus, left angular gyrus in the parietal lobe, and
ilateral middle temporal lobe than the control task. The conjunc-
ion analysis revealed a region in the OFC that was common to both
ersonal and monetary decision frames and acquire and remove
esponse types, and was significantly activated by all four condi-
ions together, when compared to control (Fig. 4).

At the whole brain level, several areas were differentially
ecruited by personal and monetary decisions (Table 1, Fig. 5). Per-
onal decisions activated a large region in the prefrontal cortex
PFC) more than monetary decisions, including medial orbitofrontal
ortex and the superior frontal gyrus. In contrast, monetary deci-
ions compared to personal decisions showed significantly more
ctivation in bilateral inferior frontal operculum (BA45/Broca’s
rea, in the ventrolateral prefrontal cortex (VLPFC)) and had
arginally more activation in the insula. At the whole brain level,

irect contrasts did not yield any significant differences between
he acquisition and removal response formats.

Within the ROI, activation in the medial OFC was statis-
ically higher for personal than monetary decisions (Fig. 5)
nd for acquisition over removal responses (Fig. 6). As pre-
icted, multiple clusters in the bilateral DLPFC were more active

uring monetary than personal decisions (Fig. 5), and also dur-

ng removal compared to acquisition responses (Fig. 6). The
ight NAcc was also more active for removal than acquisition
ecisions (Fig. 6).
3.2.2. fMRI trait correlation analysis
Behaviorally, subjects who  reported a greater need to control

their possessions also rated objects as more desirable compared
to their peers (SCI-R control subscale: r = 0.571, p = 0.009). Activa-
tion in bilateral NAcc increased during acquisition (compared to
discarding) according to multiple indications of trait compulsive
hoarding (Fig. 7), including difficulty managing clutter (SI-R clut-
ter subscale: r = 0.47, p = 0.037) and beliefs about why  items should
be kept (SCI-R total score: r = 0.52, p = 0.018), particularly having
emotional attachments to items (SCI-R emotional attachment sub-
scale: r = 0.54, p = 0.013). Activation in bilateral, anterior OFC was
more active during personal (than monetary) decisions for indi-
viduals with less trouble discarding items in their own lives (SI-R
discarding subscale: r = −0.48, p = 0.034).

4. Discussion

Acquisitiveness is widely regarded as a fundamental human
trait. It drives us to not only obtain items that increase our survival
or reproductive potential, but to additionally acquire, passively
obtain, and fail to discard a wide variety of items that we may never
even use or show to others. People vary widely in this acquisitive
tendency (Preston et al., 2009), from those who keep a bare min-
imum,  to those who are comforted by a little clutter, to extreme
compulsive hoarders who acquire and retain so many items that
their very lives are at risk (Frost, Steketee, Williams, & Warren,
2000; Steketee, Frost, & Kim, 2001). Research has examined the nor-
mal  acquisition of rewards and the pathological inability to discard
goods, but neuroscience has yet to investigate normal acquisitive-

ness per se, which entails both acquiring and failing to discard a
wide variety of material goods. In the current study, we aimed to
examine the neural correlates of normal acquisitiveness for the first
time, by examining similarities and differences in neural systems
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Fig. 5. Regions of activation when contrasting personal > monetary (red) and monetary > personal (blue) decisions. Images were rendered on MNI  single subject T1 brain
template image. The voxel activation threshold is set at p < 0.05 with a cluster size > 5 voxels, to visualize patterns of activation across the brain with the same threshold as
the  ROI analysis, displayed with a single color representing voxels that exceed the threshold. Levels of significance and peak of activation per region for the contrast of whole
brain  and ROI analysis are provided in Table 1. Significant regions of activation within the ROI (OFC, DLPFC, NAcc) are circled; yellow circles define significant clusters within
the  OFC mask and white circles define significant clusters within the DLPFC mask. At the whole brain level, personal decisions produced significantly more activation in the
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FC  and superior frontal gyrus, while monetary decisions produced greater activati
n  the ROI, personal decisions again produced more activation in the OFC and gyrus
nterpretation of the references to color in this figure legend, the reader is referred 

equired for acquiring and removing even common domestic goods,
hile dissociating personal and monetary motivations. Each major
nding is discussed below.

.1. The role of the OFC in acquisitiveness

The OFC was more active for all material decisions com-
ared to the control decision-making task, even when participants
emoved unwanted items and viewed inexpensive and superabun-
ant goods. Taking the full pattern of OFC effects into account—with
ctivation also correlated with adaptive real-world decisions about
oods and being more engaged during choices for pervasive and
heap items that fill current needs (e.g., the bananas, playing
ards, and light bulbs that were preferred in personal and acquire
locks)—we posit that the OFC helps during material decisions to

ntegrate affective, self-referential, and homeostatic cues in the ser-
ice of adaptive decision making, as has been shown in myriad other
tudies involving decisions to acquire resources like money or food
see Bechara, Damasio, & Damasio, 2000; D’Argembeau et al., 2007;
orthoff et al., 2006; Rolls, 2000). This interpretation is also con-

istent with work on consumption in which activation in the OFC
orrelates across money, food, and material decisions with inferred
tem value (Chib et al., 2009), and is greater in non-hoarders than
oarders during hypothetical discarding (An et al., 2008). More-

ver, damage to the OFC can cause excessive hoarding after brain
esion or traumatic injury (Anderson, Damasio, & Damasio, 2005).
esearch must continue to examine the precise role of this region in
daptive and impaired decisions to consume because compulsive
arge clusters extending bilaterally across the insula and inferior frontal operculum.
s while monetary decisions activated the DLPFC more than personal decisions. (For

 web  version of the article.)

hoarders actually have greater OFC activity when imagining dis-
carding or when failing to discard items (Mataix-Cols et al., 2004;
Tolin et al., 2009). Perhaps affectively guided decisions toward
wanted or needed items is normally adaptively subserved by the
OFC, but becomes excessive under certain conditions, such as
when the decision is rendered unusually important, valued, or
time-consuming. Future research could address this by comparing
normal and acquisitive participants with an event-related design
that manipulates current needs and directly examines affect and
activation during both passive viewing and decisions to consume
(similar to Knutson et al., 2007).

Our study also found greater activation in a large prefrontal
region that extends superiorly in the frontal pole during personal
decisions. This same region was  also the only region more active in
hoarders than nonhoarders during imagined discarding in another
study (An et al., 2008). The frontal pole is typically associated
with more abstract, deliberated, or self-conscious processes (e.g.,
Kringelbach, 2005; Kringelbach & Rolls, 2004), which may  be more
enhanced in compulsive hoarders because of their high anxiety and
indecisiveness. Future work needs to examine the differential role
for the ventromedial and polar prefrontal regions in consumption
decisions, and must theoretically integrate the fact that acquisi-
tive individuals are so indecisive with their apparent positive drive
toward goods, to which we  turn next.
4.2. The role of the NAcc in acquisitiveness

In contrast to prior work on reward acquisition, the NAcc was
not uniformly involved in any of our four experimental decision
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Fig. 6. Regions of activation when contrasting acquire > remove (green) and remove > acquire (purple) decisions. Images were rendered on MNI  single subject T1 template
brain  image. The voxel activation threshold is set at p < 0.05 with a cluster size > 5 voxels, to visualize patterns of activation across the brain with the same threshold used for
the  ROI analysis, displayed with a single color representing voxels that exceed the threshold. Levels of significance per region and the peak of activation for the contrast are
provided in Table 1. Significant regions of activation within the ROI (OFC, DLPFC, NAcc) are circled; yellow circles define significant clusters within the OFC mask, white circles
define  significant clusters within the DLPFC mask, and a green circle defines significant clusters within the NAcc mask. At the whole brain level, there were no significant
differences in the patterns of neural activity between acquiring and removing, but in the ROI, acquiring activated a region in the medial prefrontal cortex more than removing
while  the bilateral DLPFC and right NAcc showed greater activation during removing decisions. (For interpretation of the references to color in this figure legend, the reader
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s  referred to the web version of the article.)

ypes. This may  partially have resulted from our block design,
hich could have obscured activation that was more transient

r occurred only on trials that included very desirable items; a
uture event-related study can confirm this. The NAcc was, how-
ver, more active during acquisition to the extent that subjects
eported real-word problems with acquisitiveness. Since the NAcc
s involved in processing the salience of, or motivation toward,
ewarding items (e.g., Knutson et al., 2007; Mogenson & Yang,
991; Whishaw & Kornelsen, 1993; Zink et al., 2003), these every-
ay goods may  gain the “incentive salience” (Berridge & Robinson,
003) of addictive substances in the eyes of the acquisitive. Indeed,

f acquisitive individuals perceived these relatively common items
s “hot,” then they would be more motivated toward them, more
ikely to acquire them, and less able to discard them. Corroborating
his “hot item” hypothesis, our most possessive participants also
ated all task items as more desirable than their peers did. Impor-
antly, since our study excluded compulsive hoarders, our findings
uggest that this “hot item” tendency exists within the normal
ange of behavior; thus, everyone notices and desires immedi-
tely rewarding items, but more acquisitive people may  show
his response to a wider variety of goods—particularly those that
eem more mundane or potentially useful. This is a novel result

s the NAcc has not been associated with acquisitiveness to date,
ost likely because of the clinical focus on hoarders’ anxiety over

iscarding (An et al., 2008; Mataix-Cols et al., 2004; Tolin et al.,
009).
4.3. Do personal and monetary decisions rely on different
processes?

Personal decisions (compared to monetary decisions) activated
medial and frontal regions associated with affective decision pro-
cesses. In addition, subjects in this particular condition were
biased toward the most inexpensive, immediately consumable
items (fruit, snacks, petty cash). As predicted, monetary decisions
recruited different regions associated with more cognitive and
deliberative control processes, namely Broca’s area and the DLPFC.
The monetary condition also biased participants toward expensive
but less desirable items (e.g., handmade pottery and new jewelry
still in the box). Such items likely received lower desirability rat-
ings even though they are objectively more valuable because their
enjoyment is highly specific to the tastes of the individual.

The monetary decisions were also completed more quickly even
though they appeared to require more cognitive, controlled pro-
cessing, presumably because they were well defined and had right
answers, unlike the personal decisions that had many dimen-
sions and no right answer. Taken together, these differences
between personal and monetary decisions suggest that exclusively
studying decision-making with monetary cost–benefit tasks may

overestimate the role of explicit processing and underestimate
the role of shifting, subjective valuation in real-world decisions
to consume. They also highlight the need for cognitive neuro-
science to conceptually dissociate task difficulty, response time,
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ig. 7. Average voxel contrast value in the comparison of acquisition > removal in t
f  the Saving Inventory-Revised (SI-R) scale and the total score and emotional atta
ctivation in bilateral NAcc when subjects were acquiring, relative to removing.

nd cognitive control, which are normally correlated but not
nterchangeable.

.4. Do acquiring and discarding rely on different processes?

In our task, acquiring and discarding were rendered superficially
imilar—in both cases participants choose one of two objects, imag-
ning that they would retain the preferred one. Given the superficial
imilarity between our conditions, null effects are not surprising
nd the differences between these two conditions is even more
triking. The acquisition task engaged the medial OFC and gyrus
ectus more and biased subjects toward shiny, metallic, useful, and
esired items that are not necessarily expensive (e.g., light bulbs, a
oated pot with a shiny lid, metallic MP3  player). The removal task
dded only 100 ms  to the RT (factored into the contrast model), but
till increased activation in the DLPFC and NAcc and altered prefer-
nces toward “should” items that are less immediately rewarding
e.g., soap, plastic baggies, pearl necklaces). Perhaps immediately
ttractive properties (e.g., shininess) dominate fast, intuitive drives
oward desired items while even small increases in processing can
ighlight longer-term considerations.

Our task intentionally excluded endowment and disposal to
rst compare the cognitive processes required to take items in
r remove them out. However, our results may  also generalize to
ndowed contexts since a former task where participants disposed
f personal items also found increased OFC activity in hoarders
ompared to nonhoarders (Tolin et al., 2009). Future work needs

o extend our findings to protocols that include endowment, real
isposal, and an “incentive compatible” design. Our existing work
uggests that the results would be similar, but perhaps the affec-
ive responses would be more pronounced with these adjustments.
cc, correlated with three measures of trait hoarding. Scores for the clutter subscale
nt subscale of the Saving and Cognitions Inventory-Revised (SCI-R) increased with

However, we  reiterate that the science of subjective material
desires should not exclusively use designs that focus on monetary
concerns for the reasons stated above.

5. Conclusions

In a society where material resources are superabundant, people
routinely struggle with the fact that goods are attractive and easy
to acquire, but hard to manage and discard. Understanding how
people make these mundane but difficult decisions is important
for understanding basic issues in cognition and decision making as
well as applied issues in psychopathology and public policy.
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