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Abstract
Externalizing psychopathology (EXT) is characterized by poor decision-making in situations that involve simultaneous cues for
approach and avoidance behavior (i.e. approach-avoidance conflicts). Previous studies of EXT have examined these deficits
primarily using tasks involving decisions between positive reward and negative punishment, suggesting that EXT is character-
ized by a general bias towards high salience (e.g. temporally proximal or reward) cues relative to low salience (e.g. temporally
distal or loss) cues. However, in order to better characterize decision-making in approach-avoidance conflicts, the present study
utilized a novel task to examine neural activation in contexts involving both positive reward and negative punishment as well as
positive punishment and negative reward by manipulating physical proximity of affective cues. Neuroimaging results indicated
that EXT was associated with deficits related to cue prioritization based on salience, suggesting that failure to differentiate
relevant from less relevant information contributes to poor decision-making among individuals with EXT.
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Externalizing psychopathology (EXT) is a unitary con-
struct that reflects the shared variance across multiple
disinhibitory disorders (Krueger et al. 2002; Krueger and
Markon 2006). These disorders, which include conduct
disorder, antisocial personality disorder, and substance
use disorders, are highly comorbid and together share char-
acteristically poor decision-making and low levels of be-
havior control (Bobova et al. 2009; Cantrell et al. 2008;
Endres et al. 2011; Finn et al. 2015). In particular, these
disorders are marked by decision-making processes that
fail to adequately incorporate potential negative conse-
quences and inhibit ongoing approach-related behavior
(Cantrell et al. 2008; Endres et al. 2014). Resultant

behavior, therefore, appears to be disinhibited and biased
toward approach (Finn 2002; Gorenstein and Newman
1980; Iacono et al. 2008). Specifically, situations that pres-
ent simultaneous signals for approaching a positive stimu-
lus and avoiding an aversive stimulus (i.e. approach-
avoidance conflicts) are characteristically difficult for in-
dividuals with EXT. Accordingly, understanding self-
regulation failures in EXT requires a clear understanding
of the component processes that comprise approach-
avoidance conflicts.

Approach-avoidance conflicts are inherently complex sce-
narios involving opposing motivational, emotional, and be-
havioral cues. As such, they involve simultaneous opportuni-
ties for positive reward, positive punishment, negative reward,
and/or negative punishment. Previous work with EXT popu-
lations has studied approach-avoidance conflicts mainly with-
in a cognitive decision-making framework that specifically
emphasizes the role of positive reward and negative punish-
ment. Specifically, this work relates EXT to a general
decision-making bias to approach appetitive cues (i.e. positive
reward) despite long-term aversive consequences (i.e. nega-
tive punishment). These conclusions are largely based on
studies using economic decision-making tasks such as the
delay discounting (DDT; e.g. Kirby 1997) and Iowa
Gambling Task (IGT; Bechara et al. 1994). For these tasks,

* Thomas W. James
thwjames@indiana.edu

1 Department of Psychiatry, Indiana University School of Medicine,
355 W. 16th St., Suite 2800, Indianapolis, IN 46202, USA

2 Department of Psychological & Brain Sciences, Indiana University,
1101 E. 10th St, Bloomington, IN 47405, USA

3 Program in Neuroscience, Indiana University, 1101 E. 10th St,
Bloomington, IN 47405, USA

4 Cognitive Science Program, Indiana University, 819 Eigenmann,
1900 E. 10th St, Bloomington, IN 47406, USA

Brain Imaging and Behavior
https://doi.org/10.1007/s11682-020-00308-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s11682-020-00308-4&domain=pdf
mailto:thwjames@indiana.edu


EXT individuals typically make more choices resulting in
smaller, immediate rewards in the DDT (Bickel et al.
2012; 2014; Bobova et al. 2009; Finn et al. 2015;
MacKillop 2011, 2013), and large potential gains but
larger potential losses (i.e. high risk) in the IGT
(Bechara et al. 2001; Cantrell et al. 2008; Gonzalez e
al. 2007; Mazas et al. 2000). This EXT-related bias to
approach cues that signal immediate reinforcement has
been associated with a sensitivity for highly salient en-
vironmental cues. Specifically, models of decision-
making based on these data contend that individuals
with EXT are less likely to process low-salience cues
when high-salience cues are present (Bechara & Martin
2004; Ersche et al. 2006; Finn 2002; Finn et al. 1999,
2009; Gunn and Finn 2013; Verdejo-García et al. 2006).
In these contexts, salience is often manipulated via tem-
poral immediacy, such that temporally proximal cues are
more salient and temporally distal cues are less salient,
irrespective of the cue’s inherent motivational valence
or value. In the DDT and IGT, immediate gains are
more salient than distal losses, making it more likely
that the high-salience cues will influence choice in
EXT individuals. In this way, cue salience is likely a
major contributing factor to the decision-making pat-
terns observed in individuals with EXT. Neurally, atyp-
ical choice behavior displayed by individuals with EXT
is commonly associated with abnormal patterns of acti-
vation of the prefrontal cortex (PFC), particularly the
orbi tof ronta l cor tex (OFC), vent romedia l PFC
(vmPFC), and dorsal anterior cingulate (dACC), coupled
with strong motivational/emotional signals from subcor-
tical regions including the amygdala and striatum
(Bechara 2005; Bickel et al. 2007; Carroll et al. 2015;
Ersche et al. 2012; Everitt and Robbins 2005; Goldstein
and Volkow 2011; Li et al. 2010). Taken together, these
data suggest that poorly planned and maladaptive be-
havior in EXT individuals is due to a relative imbalance
between top-down cognitive control signals associated
with prefrontal cortical areas and bottom-up motivation-
al signals associated with subcortical structures.

While these models provide useful insight into elements of
approach-avoidance conflicts in EXT populations, relatively
little attention has been paid to other aspects of approach-
avoidance conflicts that may provide additional insight into
EXT-related deficits. First, the DDT and IGT heavily empha-
size positive reward and negative punishment in decision-
making behavior; however, approach-avoidance conflicts
and, by extension, real-life decisions, also involve cues for
positive punishment (e.g. legal consequences of drug use)
and/or negative reward (e.g. removal from probation
following prolonged abstinence; Bogg and Finn 2009; Finn
et al. 2017; Gray and McNaughton 2000). To the extent that
traditional economic decision-making tasks exclude these

types of cues, extant models of decision-making biases in
EXT are inherently limited and not reflective of the true scope
of factors involved in decision-making. Second, in commonly
used economic decision-making tasks, salience is highly con-
founded with temporal proximity. For example, in the DDT,
highly salient cues are those most proximal, such as the pos-
sibility to receive a monetary reward immediately. However,
salience is manipulated by a wide range of factors in addition
to temporal proximity and monetary value, including physical
proximity. Thus, in order to further clarify the behavioral and
neural mechanisms associated with decision-making deficits
in individuals with EXT, it is important to expand testing to
both the types of reward and punishment in approach-
avoidance conflict tasks as well as manipulating salience in
ways beyond temporal proximity and incentive or disincen-
tive value.

To address these limitations in extant decision-making lit-
erature among EXT populations, the present study utilized
natural motivational biases (Aarts et al. 2008; Bradley et al.
2001; Chiew and Braver 2011; Lake et al. 2019; Pfister and
Böhm 2008; Spielberg et al. 2008, 2011; Tooby et al. 2008)
towards approaching positive stimuli and avoiding negative
stimuli to create approach-avoidance conflicts. This novel task
required both motivationally congruent actions (e.g. ap-
proaching positive stimuli) and motivationally incongruent
actions (e.g. avoiding positive stimuli) to create scenarios in-
volving positive reward, positive punishment, negative re-
ward, and/or negative punishment. Additionally, simulated
approach and avoidance actions from the participant changed
the physical proximity of the stimulus to manipulate salience.
fMRI methods were used to investigate the involvement of
neural regions commonly implicated in cognitive models of
decision-making in EXT within these novel contexts, includ-
ing stimulus salience (i.e. physical proximity) as well as si-
multaneous conflicting cues.

To the extent that the amygdala has been associated with
behavioral relevance detection and motivated action, it was
hypothesized that individuals with EXT would display in-
creased amygdalar activation in response to approached stim-
uli, reflective of hyper-reactivity in response to these high-
salience conditions. It was similarly expected that these indi-
viduals, as compared to controls, would show poor amygdalar
modulation in response to avoided stimuli; that is, these indi-
viduals would show poor neural discrimination between be-
haviorally relevant and irrelevant stimuli. Finally, it was hy-
pothesized that conditions requiring motivationally conflict-
ing actions (i.e. avoiding a positive stimulus or approaching a
negative stimulus) would be particularly aversive for individ-
uals with EXT. Along these lines, it was expected that individ-
uals with EXT would display increased activation of limbic re-
gions including the amygdala and insula during conflict trials. It
was also expected that these individuals, as compared to controls,
would show decreased activation in prefrontal conflict control
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regions in these trials, specifically the OFC, vmPFC, and dACC,
reflective of a diminished ability to control or moderate these
affective responses to motivationally incongruent action (e.g.
Ochsner, Bunge, Gross, & Gabrieli, 2002).

Method

Participants

Participants (n = 40; 22 women) were recruited from a larger
study examining the role of personality and cognitive factors
on substance use and other externalizing behaviors. Participants
were primarily college-aged (M = 21.35, SD = 2.46) and
Caucasian (72.50%), with the remaining participants endorsing
AfricanAmerican (5.00%),Asian (12.50%), and other ethnicities
(10.00%). All participants were right-handed as reported on a
brief handedness questionnaire (M = 14.11, SD = 2.09;
Chapman & Chapman, 1987). Sample size is consistent with
what has been suggested elsewhere to produce robust and reli-
able effects (Desmond and Glover 2002; Seghier et al. 2008).

Group Inclusion CriteriaThe design included two equal groups
(each n = 20) of individuals with low EXT and high EXT.
Lifetime diagnoses of conduct disorder, antisocial personality
disorder, alcohol use disorders, marijuana use disorders, and
other drug use disorders as assessed by the Semi-Structured
Assessment for the Genetics of Alcoholism (Bucholz et al.
1994) using DSM-IV-TR (American Psychiatric Association
2000) criteria were considered within a sample of 1041 par-
ticipants from the larger study. Individuals meeting criteria for
the low EXT group had no lifetime diagnosis within these
categories, and thus serve here as control participants
representing healthy functioning within these domains.
Those meeting criteria for the high EXT group had a diagnosis
of conduct disorder in addition to at least one other diagnosis
within these categories, or greater than 50 total lifetime prob-
lems within these areas. Therefore, the high EXT group is
reflective of significant problems in EXT domains across the
lifespan (see Table 1).

Procedure

Prior to testing, participants were required to abstain from
alcohol and recreational drug use for at least 12 hours, get
six or more hours of sleep the night before, and eat a meal
within 3 hours of testing. Following informed consent, partic-
ipants’ breath alcohol was measured using an Alco Sensor IV
(Intoximeters Inc., St. Louis, MO) to ensure they had not
consumed alcohol prior to testing. Participants were then
instructed on the approach-avoidance task and practiced the
task outside the scanner with experimenter feedback. Broadly,
participants pulled or pushed affective images (negative,

neutral, and positive) towards or away from themselves, re-
spectively, on a computer screen. Images were selected from
the International Affective Picture System (IAPS; Lang et al.
2008). Negative images included those of threatening animals,
injuries, and feces. Neutral images included occupational
scenes and household objects. Positive images included ad-
venturous images (e.g. skydiving), positive interpersonal in-
teractions, and food1 (see Table 2).

Following practice, participants were comfortably set up in
the scanner with their head secured in the head coil with foam
padding. Stimuli were projected onto a rear projection screen
in the scanner bore and viewed through a mirror attached
above the head coil. Trials were presented in an event-
related experimental design using E-Prime 2.0 software
(Psychology Software Tools, Pittsburgh, PA). On each trial,
following fixation, a cue word (“push” or “pull”) appeared for
2000 ms. Participants were instructed to push an MRI-safe
joystick towards themselves following a “pull” cue; similarly,

Table 1 Lifetime problems and diagnoses related to externalizing
psychopathology by group (n = 36)

Low EXT High EXT

Mean Lifetime Problems (SD)

Childhood conduct 2.47 (1.74) 14.47 (3.95)

Adult antisocial 1.05 (.71) 10.82 (6.44)

Alcohol 2.21 (2.57) 31.89 (13.37)

Marijuana .53 (.23) 11.76 (10.30)

Other drug 0.00 (0.00) 11.71 (23.14)

Diagnoses, %

Childhood conduct 0.00 76.50

Adult antisocial 0.00 35.30

Alcohol abuse 0.00 23.50

Alcohol dependence 0.00 70.60

Marijuana abuse 0.00 11.80

Marijuana dependence 0.00 58.80

Other drug abuse 0.00 17.60

Other drug dependence 0.00 35.30

1 The following IAPS images were used: Negative: 1019, 1022, 1050, 1112,
1200, 1201, 1205, 1274, 1300, 1302, 1303, 1310, 1525, 2095, 2661, 2681,
2683, 2692, 2710, 2722, 2730, 2800, 2981, 3101, 3160, 3170, 3230, 3266,
3280, 3301, 3350, 3500, 3530, 3550, 6020, 6190, 6211, 6212, 6244, 6313,
6370, 6555, 6821, 6830, 6490, 7359, 7380, 8230, 8231, 8480, 9008, 9120,
9230, 9301, 9410, 9433, 9810. Neutral: 2025, 2191, 2200, 2210, 2214, 2235,
2270, 2280, 2381, 2383, 2393, 2480, 2485, 2493, 2495, 2499, 2500, 2514,
2575, 2579, 2580, 2635, 2840, 2850, 2870, 2880, 2890, 4605, 5130, 5395,
5535, 5750, 6150, 7000, 7002, 7004, 7010, 7020, 7025, 7035, 7036, 7037,
7040, 7041, 7090, 7095, 7096, 7100, 7140, 7205, 7217, 7233, 7493, 7560,
7590, 8311. Positive: 1340, 1463, 1710, 2057, 2091, 2303, 2346, 2352, 2650,
2655, 4533, 4598, 4599, 4601, 4603, 4608, 4676, 5621, 5623, 5626, 5628,
7200, 7220, 7260, 7282, 7340, 7400, 7430, 7460, 7475, 7480, 7481, 7503,
7640, 8030, 8031, 8034, 8041, 8160, 8161, 8178, 8180, 8185, 8186, 8190,
8200, 8210, 8320, 8350, 8370, 8400, 8490, 8496, 8500, 8503, 8540.
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they were instructed to push the joystick away from them-
selves following a “push” cue. Following the cue, an image
appeared superimposed on a “hallway” in order to give the
illusion of depth (van Dantzig et al. 2008). Participants were
instructed to move the joystick as quickly as possible after the
image appeared. Pull movements resulted in the image steadi-
ly increasing in size, making it appear to move towards the
participant; push movements, conversely, steadily decreased
the size of the image, making it appear to move away from the
participant. Participants were instructed to maintain the mo-
tion of the joystick for the entirety of the 5000 ms picture
presentation. A fixation cross then appeared on screen for a
jittered duration. Image types (positive, negative, neutral) and

action (push, pull) were fully crossed resulting in two valence-
action congruent conditions (negative/push, positive/pull),
two conflict conditions (negative/pull, positive/push), and
two neutral conditions (neutral/push, neutral/pull; see
Fig. 1). Participants completed 28 trials of each type, for a
total of 168 trials. Trials were pseudorandomized and separat-
ed into four runs of 42 trials with short breaks between runs.
Participants used their right hand to make joystick movements
for the first two runs of the experiment, after which the joy-
stick was moved to their left hand for the last two runs. The
scanning session lasted approximately 45 min. Participants
received approximately $50 for completing the study, which
lasted approximately one and a half hours.

Image Acquisition

BOLD data were acquired with a Siemens Magetom TIM
TRIO 3 T whole-body MRI using a 32-channel phased-array
head coil. The field of view was 220 × 220 mm, with 35 axial
slices of 3.8 mm per volume and an in-plane resolution of
64 × 64 pixels. Accordingly, voxels were 3.4 × 3.4 ×
3.8 mm. Functional images were collected using a gradient
echo EPI sequence with TE = 25 ms, TR = 2000 ms, and flip
angle = 70°. High-resolution T1-weighted anatomical images
were collected using a Turbo-flash 3D sequence of TI =

Table 2 Mean (SD) valence and arousal ratings for IAPS images across
action conditions. All comparisons n.s

Pull Push

Positive valence 6.96 (0.58) 7.01 (0.65)

arousal 5.32 (0.87) 5.73 (0.85)

Neutral valence 5.23 (0.49) 5.13 (0.46)

arousal 3.26 (0.78) 3.23 (0.52)

Negative valence 2.90 (0.81) 3.08 (0.95)

arousal 5.74 (0.69) 5.96 (0.68)

Fig. 1 Schematic of approach-avoidance task illustrating a negative-incongruent trial (a) and positive-congruent trial (b)
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900 ms, TE = 2.67ms, TR = 1800ms, and flip angle = 9°. The
field of view for anatomical images was 256 × 256 mm,
contained 192 sagittal slices of 1 mm, and had an isometric
voxel size of 1mm3.

Data Analysis Plan

First, to target group-related differences in activation with-
in hypothesized regions, a priori regions of interest (ROIs)
were identified in the bilateral insulae, amygdalae, OFC,
vmPFC, and dACC. Second, whole-brain analyses were
conducted with salience, conflict, and group as variables.
All main effects and interactions of these three variables
were assessed; however, the focus was on four specific
contrasts: 1) the main effect of salience (i.e. physical prox-
imity) and the interaction salience with group and 2) the
main effect of conflict (i.e., conflicting motivational cues)
and the interaction of conflict with group. Toward this end,
stimulus salience was assessed by comparing conditions
where stimuli approached (i.e. increasing salience) versus
conditions where stimuli receded (“salience” contrast:
[negative/pull + neutral/pull + positive/pull] > [negative/
push + neutral/push + positive/push]). This contrast was
performed as a main effect across all participants and also
as an interaction with group. Additionally, motivational
conflict was assessed by comparing conditions where

valence and action were incongruent (conflict) versus con-
ditions where valence and action were congruent (“con-
flict” contrast: [negative/pull + positive/push] > [negative/
push + positive/pull]). This contrast was performed as a
main effect across all participants and also as an interaction
with group. Finally, betas were extracted from significant
clusters to assess simple main effects that combined to
produce the multi-factor main effects and interactions and
to produce graphical representations of the multi-factor
effects.

Data Processing

Imaging data were evaluated by inspecting the estimated mo-
tion parameters for individual participants. Individuals with
estimated motion spikes greater than 3 mm were excluded
from all analyses. By this criterion, three participants were
removed (1 low EXT, 2 high EXT). One additional participant
(high EXT) was removed from analyses due to a neuroana-
tomical abnormality that may have impaired the volume reg-
istration procedure. These exclusions resulted in 36 partici-
pants in the final dataset.

Imaging analyses were conducted with FMRIB Software
Library (FSL; http://www.fmrib.ox.ac.uk) using the FMRI
Expert Analysis Tool (FEAT) version 5.98 (Smith et al.
2004). Individual functional volumes were normalized to the

Fig. 2 Activation in the (a). dACC from the interaction between salience (i.e. push vs. pull) and group in the left (b) and right (c). hemisphere. Asterisks
indicate significance at p < .05; crosses indicate trend-level significance
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Montreal Neurological Institute (MNI) atlas and co-registered
to the MNI 152 standard brain. First-level analyses were per-
formed with a general linear model (GLM) for each functional
run for each subject with explanatory variables (EVs) for each
of the six task conditions using a set of boxcar functions based
on the timing of the experimental protocol convolved with a
double-gamma hemodynamic response function. Second-
level analyses were performed to collapse run-level inputs
from into subject-level outputs as beta coefficients. Third-
level analyses combined subject-level inputs into groups using
a random-effects model resulting in between-group contrasts
across dependent variables from first-level contrasts. For a
priori ROI analyses, regions were defined using the
Harvard-Oxford probability atlas and thresholded (range:
65–85) to produce reasonably constrained areas. Neural

activation within left and right hemispheres were analyzed
separately. For whole brain analyses, maps produced from
third-level analyses were cluster corrected with a permutation
correction for multiple tests (Nichols 2012). In short, second-
level betas (i.e. first-level dependent variables for each subject
for each voxel) were randomly permuted across voxels 1000
times to build cluster-size distributions with a voxel-wise
threshold of t = 2.45 (p < .01). For all three conflict contrasts
of interest, the minimum cluster size required for a false pos-
itive rate of 5% varied from 4 to 6 voxels (32–48 1x1x1 mm3

voxels), which is consistent with our experiences with other
studies of similar effect sizes. These thresholds were applied
to third-level maps. To visualize results, 3D thresholded sur-
facemapswere created using SurfaceMapper (SUMA)within
Analysis of Functional Neuroimages (AFNI; Cox 1996).

Table 3 Regions of activation
associated with salience among
all participants

Region Pull > Push hemisphere t-
score

voxels x y z

occipital pole R 16.30 49,475 10 −96 4

precentral gyrus L 5.20 988 −48 −6 60

supplementary motor cortex R 3.86 255 8 4 56

anterior cingulate cortex R 5.86 171 2 0 26

posterior cingulate cortex L 8.06 138 −12 −20 38

precuneus R 5.24 131 14 −46 50

posterior cingulate cortex R 4.90 100 10 −20 40

frontal medial cortex L 3.68 68 −6 32 −22
frontal medial cortex L 3.53 53 −2 48 −26
parietal operculum cortex L 3.58 42 −36 −36 18

precuneus L 3.08 38 −8 −42 54

middle frontal gyrus R 3.70 21 54 24 38

frontal medial cortex R 3.03 18 8 46 −16
frontal pole – 3.30 17 0 60 −10
middle temporal gyrus L 2.82 16 −52 0 −22
frontal operculum cortex L 2.76 14 −32 24 6

frontal pole L 3.47 14 −12 46 −28
frontal pole – 3.04 10 0 66 0

middle temporal gyrus L 3.46 8 −62 −14 −30
Push > Pull

angular gyrus R 9.44 30,659 50 −50 46

middle frontal gyrus R 9.68 11,540 34 14 44

cerebellum, I-IV – 5.98 1133 0 −54 −6
cerebellum, crus I L 4.76 441 −44 −68 −38
cerebellum, VIIIb R 6.67 310 20 −58 −52
cerebellum, crus II R 3.09 11 40 −58 −46
caudate R 2.88 8 14 18 0

paracingulate gyrus L 2.62 8 −8 42 −6
cerebellum, I-IV R 2.58 8 12 −38 −20
Accumbens R 2.56 6 10 8 −10
cerebellum, crus I R 2.74 5 32 −84 −32

Coordinates are presented in MNI space and reflect the center of mass for each cluster
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Results

Behavioral Results

Participants’ reaction time (RT) was recorded during the
approach-avoidance task. Behavioral data were missing for
one participant (high EXT) due to equipment failure, resulting
in n = 35 participants in the behavioral analyses. Correct re-
sponses were classified as trials in which the participant com-
pleted the action (i.e. pushing or pulling) as cued; the majority
of responses (M= 99.04%, SD = 0.12%) were correct. For
correct response trials, participants responded faster on pull
trials (M = 520.99, SD = 187.55) than push trials (M = 608.44,
SD = 199.75), F(1, 34) = 93.27, p < .001, likely reflective of
ergonomic limitations of the task device in the scanner envi-
ronment. There were no significant effects of valence, group,
or interactions between these factors on RT.

Imaging Results

A Priori ROIsWith regard to hypothesized limbic regions, there
were no two- or three-way interactions between EXT group
and image valence or action (i.e. push or pull) in the bilateral
amygdalae, insulae, OFC, or vmPFC (ps > .17). There was a
significant EXT group x salience interaction in both the left
dACC, (F(1, 34) = 8.62, p = .006) and right dACC (F(1, 34) =
8.56, p = .006). Within the left dACC, low EXT individuals

demonstrated significantly increased neural activation during
push vs. pull positive (t(18) = −2.57, p = .02) and neutral trials
(t(18) = −2.20, p = .04), and trend-level increased activation
during negative trials (t(18) = −1.80, p = .09). In contrast, high
EXT individuals demonstrated no significant differences be-
tween push and pull trials of any image valence (ps > .40). A
similar effect was observed in the right dACC, such low EXT
individuals demonstrated significantly increased activation
during push vs. pull positive (t(18) = −2.39 p = .03) trend-
level neutral (t(18) = −1.74, p = .10) trials, whereas high
EXT individuals demonstrated significant modulation of acti-
vation for neutral trials only (t(18) = −2.35, p = .03; see
Fig. 2).

Salience Among all participants, approaching a stimulus (i.e.
[negative/pull + neutral/pull + positive/pull] > [negative/push
+ neutral/push + positive/push]) was associated with activa-
tion in bilateral primary and higher-order visual processing
areas, basal ganglia, amygdala, and dlPFC. In turn, pushing
was associated with increased relative activation in precuneus,
ACC, posterior insula, precentral and postcentral gyri, and
frontal poles (see Table 3 and Fig. 3).

Group differences associated with salience were also ex-
plored. For low EXT individuals, greater activation was ob-
served in the bilateral lateral frontal cortex, ACC, middle and
inferior temporal cortices, and precuneus. In contrast, greater
activation for high EXT individuals was observed in the left

Fig. 3 Lateral, medial, and axial views of salience-associated (a) activation (b) and de-activation among all participants. Contrast examined (negative/
pull + neutral/pull + positive/pull] > [negative/push + neutral/push + positive/push)
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Table 4 Regions of activation from the interaction of group and salience (i.e. push > pull)

Region hemisphere t-
score

voxels x y z

Low EXT >High EXT

middle frontal gyrus R 5.60 4703 32 12 44

frontal pole L 4.14 723 −30 42 4

posterior cingulate gyrus R 3.92 648 2 −30 28

occipital pole – 4.03 232 0 −98 −10
inferior frontal gyrus L 3.96 198 −56 −60 −10
middle frontal gyrus L 4.14 192 −44 20 38

inferior frontal gyrus L 4.07 188 −62 −20 −28
parahippocampus R 4.73 177 22 −16 −32
angular gyrus R 3.97 173 54 −52 36

middle temporal gyrus R 3.97 173 64 −22 −14
superior frontal gyrus L 3.97 151 −26 4 70

inferior temporal gyrus R 3.87 132 58 −24 −32
cerebellum, crus II R 3.91 126 46 −54 −46
postcentral gyrus L 3.50 125 −4 −48 72

precuneus R 3.49 116 2 −74 54

Heschl’s gyrus R 4.37 103 42 −26 6

superior frontal gyrus R 3.36 101 4 30 62

postcentral gyrus L 3.31 84 −52 −18 32

precentral gyrus L 3.62 71 −6 −30 76

frontal pole R 3.08 71 8 60 −14
frontal pole R 3.54 67 0 58 34

cerebellum, VIIIb L 4.09 67 −18 −60 −56
inferior frontal gyrus R 3.76 66 52 −8 −36
middle frontal gyrus L 3.47 64 −30 20 46

cerebellum, crus II L 3.48 64 −14 −84 −34
middle frontal gyrus L 3.26 63 −42 6 38

inferior temporal gyrus R 3.64 59 56 −46 −24
cerebellum, crus II L 3.20 58 −36 −42 −42
middle frontal gyrus L 2.96 46 −24 36 32

superior temporal gyrus L 3.39 45 −62 −22 −2
temporal pole R 3.38 36 24 18 −32
middle temporal gyrus R 2.76 35 54 −48 −6
precentral gyrus L 3.17 32 −26 −16 58

middle temporal gyrus L 3.68 31 −64 −30 −14
cerebellum, crus I L 3.14 31 −40 −56 −38
temporal pole R 3.45 27 52 18 −30
inferior temporal gyrus L 3.29 24 −52 −42 −26
frontal operculum cortex R 2.84 22 34 24 8

middle temporal gyrus L 2.90 22 −58 −12 −12
superior parietal lobule L 2.97 21 −36 −56 46

occipital pole – 3.15 18 0 −94 20

temporal pole R 3.32 18 40 26 −28
cerebellum, crus II L 3.09 16 −40 −74 −52
supramarginal gyrus R 3.23 15 62 −36 24

cerebellum, V R 3.12 15 6 −62 −18
superior frontal gyrus R 3.10 14 8 26 48

precentral gyrus L 2.63 13 −26 −24 70
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amygdala, left frontal pole, right LOC, and left occipital pole
(see Table 4 and Fig. 4). To clarify this interaction further,
extracted betas were examined within targeted regions (see
Fig. 5). Within the left frontal pole, the high EXT group
displayed a similar pattern of activation as the low EXT group
in the negative conditions, but an opposite pattern of activa-
tion in the positive and neutral conditions. In contrast, in the
left amygdala, the high and low EXT groups displayed similar

patterns of activation in the positive conditions, but opposite
patterns in the neutral and negative conditions.

Conflict Among all participants, conflict (i.e. [negative/pull +
positive/push] > [negative/push + positive/pull]) was associat-
ed with activation in the bilateral precuneus, supramarginal
gyri, supplementary motor cortex, superior and inferior divi-
sions of the left lateral occipital cortex (LOC), and the right

Table 4 (continued)

Region hemisphere t-
score

voxels x y z

lateral occipital cortex, superior division L 2.80 13 −44 −66 40

temporal pole L 2.91 13 −56 8 −8
cuneus L 2.92 10 −8 −86 32

lateral occipital cortex, superior division L 2.83 9 −46 −68 48

frontal pole L 2.85 9 −22 48 28

temporal fusiform cortex L 2.77 9 −32 −24 −30
temporal pole L 2.87 9 −44 4 −34
middle temporal gyrus R 3.25 8 64 −32 −18
middle temporal gyrus R 2.79 7 48 −50 4

superior temporal gyrus L 2.84 7 −48 −20 −6
superior temporal gyrus R 2.81 7 60 6 −8
occipital pole R 2.62 7 18 −100 −16
cerebellum, VIIIa R 3.14 7 16 −60 −54
supramarginal gyrus R 2.83 6 50 −38 60

posterior cingulate gyrus R 2.69 6 4 −46 14

lateral occipital cortex, inferior division R 3.07 6 52 −76 2

precentral gyrus L 2.73 5 −8 −20 72

superior frontal gyrus L 2.53 5 −22 26 58

superior frontal gyrus L 3.03 5 −22 −84 52

planum temporale L 2.70 5 −40 −34 14

subcallosal cortex – 3.06 5 0 14 2

frontal orbital cortex R 2.66 5 30 22 −18
cerebellum, crus I R 2.83 5 48 −74 −24
middle temporal gyrus R 2.83 5 60 −4 −28

High EXT > Low EXT

occipital pole L 3.33 55 −36 −92 14

hippocampus R 3.78 42 24 −34 −2
occipital pole L 3.08 25 −20 −90 34

lateral occipital cortex, inferior division R 3.03 20 44 −72 −12
postcentral gyrus R 3.81 17 52 −22 58

amygdala L 3.27 13 −24 −10 −16
frontal medial cortex – 3.00 13 0 46 −18
thalamus R 3.28 11 2 −8 −4
frontal pole L 3.16 8 −20 48 −12
intracalcarine cortex L 2.56 7 −8 −76 10

occipital fusiform gyrus L 2.74 5 −20 −86 −6
temporal fusiform cortex R 2.57 5 42 −28 −18

Coordinates are presented in MNI space and reflect the center of mass for each cluster
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insula. Deactivation was observed in bilateral primary visual
regions, amygdalae, hippocampi, orbitofrontal cortex (OFC),
accumbens, temporal fusiform gyri, left precentral gyrus, and
right caudate (see Table 5 and Fig. 6).

Group differences associated with conflict were also exam-
ined. Greater activation was observed in the low EXT group in
the right accumbens, left hippocampus, right superior tempo-
ral gyrus, and right paracingulate gyrus. Greater activation
was observed in the high EXT group in the right dorsal ante-
rior cingulate cortex, left precentral gyrus, and right angular
gyrus (see Table 6 and Fig. 7). The pattern of activation (ex-
tracted betas) in target regions (see Fig. 8) was relatively con-
sistent; specifically, while the low and high EXT groups
showed similar patterns of activation for negative valence

conditions, the difference in activation between push and pull
for positive valence was the opposite for the two groups.

Other contrasts, including the three-way interaction con-
trast between salience, conflict, and group, did not produce
any significant clusters that contributed to the interpretation of
the findings.

Discussion

Externalizing psychopathology is characterized in part by
poor resolution of approach-avoidance conflicts. Many extant
theories of self-regulation failures in EXT (Bechara & Martin
2004; Finn 2002; Gorenstein and Newman 1980) contend that

Fig. 5 Activation in the left frontal pole (a) and left amygdala (b) from the interaction between salience and group

Fig. 4 Lateral and medial views of (a) regions activated and (b) deactivated by the interaction between salience (i.e. push > pull) and group

Brain Imaging and Behavior



Table 5 Regions of activation associated with conflict (i.e. [negative/pull + positive/push] > [negative/push + positive/pull]) in all participants

Region Conflict > Congruent hemisphere t-
score

voxels x y z

superior parietal lobule L 6.23 1236 −30 −46 44

precentral gyrus R 4.54 551 50 −6 34

precentral gyrus L 4.65 476 −42 −4 26

superior parietal lobule R 4.04 302 36 −44 52

precuneous L 3.59 242 −8 −46 48

superior frontal gyrus R 3.42 110 14 2 62

parietal operculum R 3.00 69 58 −28 24

supplementary motor cortex L 3.07 56 −6 0 56

lateral occipital cortex, superior division L 4.10 55 −38 −88 30

inferior frontal gyrus, pars opercularis L 3.50 55 −52 12 26

insula R 3.00 52 28 18 −2
thalamus L 3.72 50 −4 −22 −4
paracingulate gyrus R 3.69 45 4 44 30

superior frontal gyrus L 3.12 43 −18 −4 62

precentral gyrus R 3.28 42 32 −6 54

frontal operculum R 3.30 42 44 18 6

middle temporal gyrus L 3.33 41 −50 −60 −2
frontal pole R 3.75 40 22 62 26

supplementary motor cortex L 3.17 20 −10 6 46

frontal pole R 3.22 13 20 60 −18
superior parietal lobule R 2.78 11 26 −56 62

Pallidum R 2.87 10 18 0 0

supramarginal gyrus R 2.87 9 60 −36 44

planum temporale L 2.72 9 −50 −42 20

angular gyrus R 2.87 8 58 −58 36

precuneus L 2.96 7 −24 −52 4

frontal pole L 3.18 7 −36 64 −2
cerebellum, I-IV – 2.76 7 0 −42 −22
postcentral gyrus R 2.88 6 54 −10 52

cerebellum, I-IV L 2.98 6 −10 −36 −16
lateral occipital cortex, superior division L 3.10 5 −20 −62 72

frontal pole R 2.93 5 30 56 30

frontal pole R 2.81 5 32 62 −12
Congruent > Conflict

occipital pole R 5.91 3735 18 −100 6

occipital fusiform gyrus L 5.92 3575 −32 −74 −18
postcentral gyrus L 4.65 328 −36 −24 68

amygdala R 4.44 246 14 −10 −16
temporal pole L 3.44 91 −46 18 −40
frontal pole L 3.60 89 −10 56 28

frontal pole R 3.56 49 20 44 44

lateral occipital cortex, inferior division R 3.70 46 48 −74 10

temporal pole R 3.80 42 52 14 −30
cerebellum, VIIIb R 3.70 35 22 −52 −50
central opercular cortex L 3.99 33 −34 −10 18

cerebellum, X L 3.29 32 −18 −34 −48
temporal pole L 3.24 30 −58 4 −22
middle frontal gyrus L 3.47 26 −32 6 66
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Fig. 6 Lateral and medial views of conflict-associated activation (a) and de-activation (b) among all participants. Contrast examined [negative/pull +
positive/push] > [negative/push + positive/pull]

Table 5 (continued)

Region Conflict > Congruent hemisphere t-
score

voxels x y z

precentral gyrus R 3.71 25 16 −26 46

superior frontal gyrus L 3.47 23 −16 36 50

parahippocampal gyrus R 3.70 23 22 2 −34
middle frontal gyrus R 3.62 16 34 10 62

temporal pole R 3.23 16 32 12 −38
thalamus L 3.11 15 −20 −34 −4
superior frontal gyrus L 2.90 13 −48 −40 2

frontal pole L 2.86 13 −40 46 −2
paracingulate gyrus L 3.44 13 −12 38 −8
temporal pole L 3.36 12 −54 14 −30
temporal pole R 3.02 12 46 20 −34
cerebellum, crus I R 3.06 11 50 −68 −24
cerebellum, VIIIb L 3.03 11 −24 −38 −56
paracingulate gyrus L 3.12 10 −12 24 30

cerebellum, V R 2.64 9 12 −56 −20
inferior temporal gyrus, posterior division L 3.15 9 58 −22 −32

precentral gyrus L 2.86 8 −8 −30 60

superior frontal gyrus L 2.75 8 −18 28 58

middle frontal gyrus R 2.81 8 38 20 56

temporal pole R 2.82 8 44 16 −42
frontal pole L 2.66 7 −4 44 52

frontal pole L 2.67 7 −10 48 44

lateral occipital cortex, superior division L 3.10 7 −16 −88 32

inferior temporal gyrus R 2.65 7 54 −52 −14
central opercular cortex L 2.85 6 −50 −20 16

frontal pole L 2.68 6 −46 42 2

parahippocampal gyrus L 2.90 6 −16 −28 −12
temporal pole L 2.82 6 −28 6 −38
superior frontal gyrus R 2.77 5 12 32 60

paracingulate gyrus R 2.87 5 14 30 26

cerebellum, crus II R 2.66 5 10 −84 −34
parahippocampal gyrus, anterior division L 3.11 5 −20 0 −40

Coordinates are presented in MNI space and reflect the center of mass for each cluster
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Table 6 Regions of activation from the interaction of group and conflict (i.e. conflict > congruent)

Region hemisphere t-
score

voxels x y z

Low EXT >High EXT

accumbens R 3.69 143 10 10 −12
caudate R 3.60 120 12 18 10

thalamus R 4.11 119 10 −2 −2
paracingulate gyrus R 4.17 75 4 42 30

paracingulate gyrus L 3.90 55 −14 52 8

lateral occipital cortex, superior division R 3.28 53 48 −74 24

paracingulate gyrus R 3.42 49 18 50 8

superior temporal gyrus, anterior division R 3.33 45 54 −6 −16
cerebellum, VIIIa L 4.23 45 −12 −62 −40
hippocampus L 3.93 38 −22 −26 −8
lingual gyrus R 2.90 35 6 −54 2

parahippocampal gyrus R 4.73 29 28 −26 −28
lateral occipital cortex, superior division L 2.94 26 −36 −82 18

middle frontal gyrus R 3.39 24 34 4 36

frontal pole L 3.56 23 −42 42 8

temporal occipital fusiform cortex L 3.21 23 −32 −54 −10
parahippocampal gyrus R 2.85 23 18 −38 −14
temporal fusiform cortex, posterior division R 2.99 21 42 −34 −20
cerebellum, VIIIb R 3.31 16 18 −58 −48
paracingulate gyrus R 2.94 12 2 52 20

frontal pole L 3.05 12 −14 48 −22
occipital fusiform gyrus R 2.87 11 28 −76 −2
cerebellum, I-IV L 3.98 11 −14 −36 −22
precuneus R 2.67 10 14 −50 14

postcentral gyrus R 3.20 9 14 −34 78

precuneus R 2.80 9 22 −62 26

cerebellum, crus I R 2.78 9 54 −50 −30
postcentral gyrus R 2.95 8 42 −32 46

precentral gyrus L 2.61 8 −32 8 26

precuneus L 2.64 8 −20 −60 20

cerebellum, crus I R 2.83 8 30 −76 −20
superior parietal lobule R 2.73 7 26 −48 76

frontal pole R 3.11 7 10 58 20

lateral occipital cortex, superior division L 2.65 5 −24 −68 48

frontal pole L 2.78 5 −14 58 38

cingulate gyrus, anterior division R 2.69 5 10 30 18

occipital fusiform gyrus R 2.70 5 30 −76 −8
cerebellum, I-IV L 2.80 5 −6 −44 −8
temporal occipital fusiform cortex R 2.75 5 32 −46 −10
frontal pole R 3.07 5 28 8 −40

High EXT > Low EXT

precentral gyrus L 3.49 145 −8 −32 60

frontal pole L 3.95 26 −34 58 −16
precentral gyrus L 2.87 15 −6 −18 62

frontal pole R 3.13 15 36 62 −6
cingulate gyrus, anterior division R 3.42 13 6 −10 34

supramarginal gyrus, posterior division R 2.74 11 58 −46 42
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a key mechanism is the inability to inhibit highly salient cues.
In line with this view, robust differences between high and
low EXT groups based on stimulus salience (i.e. pushing vs.
pulling, approaching vs. avoiding) were observed in the cur-
rent study in regions associated with emotion regulation, in-
cluding frontal and limbic regions. Alternatively, previous
work also suggests that abnormal decision-making in EXT is
explained by an inability to resolve conflict between opposing
motivational cues. However, in the present study, neural dif-
ferences between externalizing groups related to differences in
motivational conflict did not reach significance. Thus, these
novel results indicate that poor prioritization based on cue
salience is likely to contribute to problems with conflict reso-
lution in high EXT individuals. This implies that a complex
interplay between affective perception and motivated action
contributes to multiple pathways to poor self-regulation
among high EXT individuals.

Importantly, this study illustrated the networks associated
with approach-avoidance conflicts in all participants. In

particular, pulling (or approach) was associated with broad
activation in regions associated with visual processing, visuo-
spatial processing, and motivation (i.e. basal ganglia; Shirer
et al. 2012). To the extent that objects moving towards an
individual are highly motivationally relevant and thus receive
priority of processing resources (Lang and Bradley 2010;
Pessoa 2009), these data are consistent with other models of
emotion, motivation, and behavior. In contrast, pushing (or
avoidance) was associated with activation in regions com-
monly associated with the default mode network, executive
control, and sensorimotor processing. Together, these findings
suggest that changes in physical proximity are an effective
manipulation of stimulus salience.

The present results suggest that poor regulation of frontal
and limbic signals associated with cognitive control and
emotional/motivational salience, respectively, in response to
stimuli of varying levels of salience likely contributes to poor
resolution of approach-avoidance conflicts among individuals
with EXT. Specifically, in a priori ROI analyses in the

Fig. 7 Lateral and medial views of (a) regions activated and (b) deactivated by the interaction between task (i.e. conflict > congruent) and group

Table 6 (continued)

Region hemisphere t-
score

voxels x y z

postcentral gyrus R 2.68 10 14 −32 52

frontal pole L 3.10 10 −26 64 6

supramarginal gyrus, posterior division R 2.69 8 46 −44 52

middle frontal gyrus L 2.72 8 −28 28 34

inferior temporal gyrus, posterior division L 2.89 8 −54 −38 −28
cingulate gyrus, anterior division L 3.15 7 −6 −4 34

angular gyrus R 3.06 6 46 −54 60

postcentral gyrus L 2.63 6 −28 −32 54

superior frontal gyrus R 2.98 6 10 32 50

frontal pole L 2.84 6 −32 44 −14
middle temporal gyrus, anterior division L 2.84 6 −56 0 −36
frontal pole R 2.64 5 10 38 46

insula R 2.69 5 38 2 0

orbitofrontal cortex R 2.69 5 40 26 −22

Coordinates are presented in MNI space and reflect the center of mass for each cluster

Brain Imaging and Behavior



bilateral dACC, low EXT individuals displayed similar pat-
terns of neural modulation across push-pull conditions, while
high EXT individuals displayed no significant modulation. A
similar pattern was observed in a functionally-defined region
of the frontal pole and amygdala, such that high EXT individ-
uals displayed poor push-pull modulation in positive and neu-
tral conditions, as well as neutral and negative conditions,
respectively. Together, these data demonstrate poor neural
differentiation between conditions that imply increasing sa-
lience (i.e. a pulled object moving closer) and decreasing sa-
lience (i.e. a pushed object moving away). Importantly, this
deficit appears to be valence-specific across brain regions.
That is, high EXT individuals displayed a relatively normal
pattern of modulation in the negative condition in the frontal
pole and in the positive condition in the amygdala. As such,
valence likely influences detection of changes in motivational
relevance in separate brain regions. Critically, poor modula-
tion was observed in the neutral condition in both regions,
suggesting that valence facilitates motivational neural modu-
lation in some brain regions. To the extent that detecting

changes in motivational relevance is critical to producing reg-
ulated, adaptive behavior, the present neural results argue that
high EXT individuals may have difficulty with these process-
es, potentially contributing to poor decision-making. More
specifically, highly salient cues should receive prioritization
of processing resources; individuals with EXT appear to have
difficulty differentiating cues of varying levels of salience and
allocating resources appropriately. Thus, in contrast to extant
theories that posit that individuals with EXT are hyper-
reactive to highly salient cues, these data indicate that high
EXT individuals have difficulty differentiating highly salient
from less salient information.

Contrary to hypotheses, interpretable group differences as-
sociated with approach-avoidance conflicts were not demon-
strated in this sample. In particular, observed activation from
the interaction between conflict and group, which included
both traditional positive reward/negative punishment trials as
well as novel positive punishment/negative reward trials, had
limited statistical reliability and was found outside hypothe-
sized brain regions. These results do not lend support to the

Fig. 8 Activation in the left paracingulate (a) and left frontal pole (b) from the interaction between conflict and group
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assertion that poor decision-making among individuals with
EXT is specifically related to fundamental differences in
responding to simultaneously presented conflicting motiva-
tional stimuli, as compared to healthy controls.

While the present results provide novel insight into
approach-avoidance resolution in EXT individuals, important
considerations are worth noting. First, due to task design, neu-
ral differences in approach-avoidance conflicts between EXT
groups may have been constrained. Specifically, participants
were instructed to make actions congruent with the cue word
(“push” or “pull”) on each trial. While conflicts arose due to
differences in naturalistic vs. instructed action, participants did
not make free choices regarding their action on each trial.
Thus, potential differences between groups may have been
artificially limited to the extent that trials did not require a
“decision” as traditionally conceptualized. However, in order
to consistently induce approach-avoidance conflicts,
instructed action was required. Future studies can address this
issue by allowing participants a total percentage of push/pull
actions, of which the participant freely chooses on any given
trial. Additionally, a motivationally neutral movement (e.g.
sideways) would be useful in future designs to further clarify
the effects of action. Inclusion of self-reported perception of
image size changes would also serve as a useful manipulation
check of the task paradigm. Second, the sample size, though
generally consistent with similar studies, is nonetheless mod-
est. Accordingly, observed effects are likely to be limited to
relatively large effects. This may be especially relevant to the
interpretation of the three-way interaction effect (i.e. EXT
group x salience x conflict) that would further elucidate the
potentially complex interplay between salience and contrast in
decision-making. While the interaction of salience with group
and the lack of an interaction of conflict with group nonethe-
less remain important observations in clarifying the neural
processes associated with EXT, future studies would benefit
from a larger sample size. Finally, the sample was relatively
limited in racial diversity, consistent with the demographics of
the geographical region from which the sample was selected.
However, future studies would likely benefit from inclusion of
a more diverse sample.

The present results provide important insight into the pro-
cesses associated with motivation among individuals with
EXT. Specifically, these findings imply that individuals with
EXT may inadequately differentiate between an object of in-
creasing motivational relevance and one of decreasing moti-
vational relevance. To the extent that appropriate resolution of
an approach-avoidance conflict requires comparison between
multiple conflicting cues, difficulty differentiating important
from less important information is critical. These findings
suggest that appropriate intervention in individuals with
EXT may focus on identifying and clarifying relevant infor-
mation in decisional contexts. Together, these results indicate
that EXT is characterized by atypical modulation of brain

regions associated with executive control and emotion during
motivated action.

Conclusions

Externalizing psychopathology (EXT) is often associated with
poor decision-making outcomes in situations involving simul-
taneous cues for approach and avoidance. Using a novel task
to evoke such approach-avoidance conflicts, EXT-related dif-
ferences in neural activation were associated with poor prior-
itization based on cue salience. These data suggest multiple,
complex pathways to maladaptive behavior in EXT.
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