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Higher affective congruency in the approach-avoidance task is
associated with insular deactivation to dynamic facial
expressions

Katia M. Harlé12, Alan N. Simmons!:2, Jessica Bomyeal2, Andrea D. Spadonil2, Charles T.
Taylor?
VA San Diego Healthcare System, San Diego, CA

2Department of Psychiatry, University of California San Diego, La Jolla, CA

Abstract

Individuals exhibit a natural bias to approach positive social cues (e.g., smiling face) and to avoid
negative ones, which may be altered in psychiatric conditions. Computerized approach/avoidance
training to promote affectively congruent behavior has proven useful in modulating such biases.
Here, we investigate how exposure to a higher rate of congruency impacts neural processing of
social-affective cues.

While undergoing functional magnetic resonance imaging (fMRI), twenty-four individuals
completed two versions of the approach-avoidance task (AAT), in which they had to approach or
avoid dynamic facial expressions of either happiness or disgust. In the high congruency condition,
congruent responses (i.e. approaching happy faces, avoiding disgusted faces) were more frequent.
The balanced condition had equal amounts of congruent and incongruent responses.

Processing of congruent approach-avoidance actions towards social cues was associated with
lower recruitment of the right anterior insula in the congruency-intensive relative to the balanced
condition. Differential activation between the high congruency and balanced condition in the right
hippocampus was negatively related to individuals’ trait avoidance tendency. These findings are
consistent with reduced affective neural processing of social cues when being exposed to
congruent AAT contexts. These neural foci could be important targets when assessing the
effectiveness of affective congruency training protocols.
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Introduction

Although individuals vary in their tendency to approach and avoid emotionally salient social
stimuli, on average they exhibit an overall bias to be oriented towards positive cues (e.g.,
smiling face) and away from negative ones (e.g., angry face). Such implicit, automatic action
tendencies can be captured explicitly in individuals’ behavior, e.g., being faster at moving
closer to rather than away from to positive stimuli, and faster at moving away from rather
than approaching negative stimuli (Chen & Bargh, 1999; Roelofs, Minelli, Mars, van Peer,
& Toni, 2009; Vrijsen, van Oostrom, Speckens, Becker, & Rinck, 2013). These behavioral
action tendencies have been well documented in euthymic individuals using behavioral
paradigms such as the approach-avoidance task (AAT)(Rinck & Becker, 2007; Taylor &
Amir, 2012), and have been shown to be selectively altered in clinical populations. For
instance, depressed individuals are faster at pushing away, i.e., avoiding, negative stimuli
than neutral ones (Derntl et al., 2011; Eisma et al., 2015; Seidel, Habel, Finkelmeyer, et al.,
2010). Anxious individuals are slower at bringing fear-triggering stimuli closer to them (i.e.,
at approaching them) (Heuer, Rinck, & Becker, 2007; Najmi, Kuckertz, & Amir, 2010;
Rinck & Becker, 2007).

Processing of emotionally salient social stimuli is supported by two interconnected neural
systems: a) a saliency detection network including amygdala, the insula, and hippocampal/
para-hippocampal area, and b) an affective regulation network, including lateral orbitofrontal
and inferior frontal gyri (IFG), as well as the anterior cingulate cortex (ACC)(Adolphs,
2002; Davis & Whalen, 2001; Etkin, Bichel, & Gross, 2015; Ochsner & Gross, 2005;
Strauss et al., 2005). Consistent with this literature, the saliency detection network appears
to be key for processing emotionally salient social cues in the AAT. For instance, exposure
to face stimuli in this task recruits the amygdala and insula, with greater activation of these
regions during incongruent responses, i.e., approaching negative and avoiding positive
emotional expressions, in both healthy controls and individuals with affective pathology
(Bertsch et al., 2018; Ernst et al., 2013; Radke et al., 2017; Volman, Toni, Verhagen, &
Roelofs, 2011; Yao et al., 2018). Insula and hippocampal regions receive early detection
input signals from the amygdala, and are thus key early affective processing regions during
the AAT (Menon & Uddin, 2010; Reinders et al., 2006; Seeley et al., 2007; Zheng et al.,
2017).

Clinical interventions aiming to modulate maladaptive automatic behavioral tendencies have
particular promise given their relevance to social-affective functioning and cognitive health.
Cogpnitive bias modification (CBM) training aims to remediate individuals’ attentional and
processing biases via repeated performance of cognitive tasks designed to re-calibrate such
biases. The AAT paradigm can be adapted for use as a CBM procedure by adapting
contingencies, such that individuals are required to push or pull valenced cues at a specified
rate (e.g., pull positive faces on 90% of trials). Although most work evaluating the efficacy
of CBM with AAT paradigms has been done in the addiction domain, research suggests that
such training has the potential to boost approach of positive cues and avoidance of negative
cues in a range of affective pathology (Loijen, Vrijsen, Egger, Becker, & Rinck, 2020). Our
group showed that a version of the AAT designed to increase approach of positive social
stimuli by increasing the frequency of such pairings was effective in improving relationship-
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building behavior (i.e., more engagement with and positive reactions from conversation
partners) in individuals with elevated social anxiety (Taylor & Amir, 2012). A similar
paradigm resulted in improved approach behavior and increased positive mood in socially
anxious individuals (Rinck et al., 2013). Despite evidence of behavioral and psychological
effects, it remains unclear how exposing individuals to a higher proportion of congruent or
incongruent responses during approach/avoidance training may impact neuro-affective
processing of social cues.

Recent studies investigating the neural effects of cognitive bias modification paradigms
point to reductions in both affective salience processing regions (amygdala and insula) and
in top-down emotion regulation areas (e.g., lateral prefrontal cortex; for a review see (Wiers
& Wiers, 2017). However, the bulk of these studies, used attention modulation (e.g., dot
probe) tasks rather than an approach-avoidance paradigm (e.g., AAT). Among AAT-based
CBM training studies, alcohol-dependent individuals trained to implicitly avoid alcohol cues
exhibited reduced recruitment of affective processing regions, including the amygdala,
nucleus accumbens, and medial prefrontal cortex, in response to alcohol cues following
training (Wiers, Ludwig, et al., 2015; Wiers, Stelzel, et al., 2015). However, such neural
assessments focused on post-training changes instead of within-training activation patterns,
highlighting the long-term neural impact of such training rather than potential mediating
neural mechanisms. Moreover, to our knowledge, there have been no investigations of the
neural mechanisms involved in social-affective congruency training in either healthy
individuals or clinical groups (Wiers & Wiers, 2017).

To bridge this gap, we aimed to identify such neural substrates by comparing two versions of
a computerized AAT using a within-subject design, wherein approach is operationalized as
pulling cues toward oneself with a joystick, thereby simulating bringing them closer, and
avoidance is operationalized as pushing away the stimulus, which becomes more distant
(Rinck & Becker, 2007; Taylor & Amir, 2012). The emotional valence of faces was
counterbalanced across approach and avoidance trials and included equal amounts of happy
and disgusted faces. Relative to other negative emotions (e.g., anger), faces with disgusted
expressions are particularly threat relevant and most likely to induce perception of negative
evaluation among individuals with social anxiety for whom the present AAT paradigm
would be most relevant in the context of CBM training (Amir, Najmi, Bomyea, & Burns,
2010; White, Maddox, & Panneton, 2015). To further increase the ecological validity of
social-affective processing in the task, we used dynamic emotional faces (i.e., morphs) as
target cues (Frijda, 1953; Jack, Garrod, & Schyns, 2014; Sato, Kochiyama, Yoshikawa,
Naito, & Matsumura, 2004), which was a novel feature used in the AAT paradigm. Relative
to static faces, dynamic facial expressions of emotion provide a more sophisticated signaling
system to convey socially relevant information, i.e., supporting more complex signals that
support categorization of a broader range of socially specific emotions (i.e., anger, disgust,
happy; (Jack et al., 2014). Relative to static face controls of the same emotion, viewing
dynamic facial expressions is also associated with more recruitment of salience network
regions and premotor areas involved in motor mirroring, consistent with more complex
affective processing (Sato et al., 2004).
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In the present study, congruent responses (i.e. approaching a neutral face which morphs into
a happy face, avoiding a neutral face which morphs into a disgusted face) occurred on the
majority of trials in one task condition (high congruency), aiming to facilitate approach of
positive and avoidance of negative social cues. In the other task condition (balanced),
congruent and incongruent responses were presented in equal proportions. Based on the
research outlined above, we hypothesized that a higher rate of congruency in the task would
be associated with reduced activation in salience detection areas, including amygdala, insula,
and hippocampus. We were also interested in exploring whether any of those neural changes
may relate to trait affective and behavioral tendencies, which may help identify potential
moderators of CBM effectiveness when a higher rate of affective congruency is used as the
active treatment component. Specifically, we sought to investigate whether trait approach
and trait avoidance would correlate with differential activation between high congruency and
balanced condition (e.g., de-activation) in salience network areas, particularly on congruent
trials (which are aligned with natural behavioral tendencies of approach and avoidance). We
expected that more deactivation between high-congruency and balanced conditions (i.e.,
stronger neural response to a condition aimed at priming more adaptive behavioral
tendencies to social stimuli) would be associated with lower trait approach and higher trait
avoidance, both of which may reflect maladaptive behavioral tendencies and may thus
respond more strongly to such condition.

Methods

Participants

Twenty-four individuals (mean age=26.8, SD=6.7; 55% female) were recruited through
flyers and participated in this study, which was approved by the Human Research
Protections Program at University of California, San Diego. Participants had an average of
15.8 (SD=1.9) years of education and the majority (75%) were non-Hispanic (25%
Hispanic). All participants signed informed consent, and were compensated $50 for
completing the study. Exclusion criteria included current use of psychotropic medications,
reported history or diagnosis of psychosis, and not being safe to undergo fMRI for which
participants were screened to rule out pregnancy, presence of any metal in the body, and
common medical conditions incompatible with being fMRI safe).

Experimental Procedures

Each participant completed questionnaires assessing dispositional approach/avoidance
tendencies (Approach and Avoidance Temperament Questionnaire (ATQ)(Elliot & Thrash,
2010), after which they underwent a one-hour scan while completing the experimental task.
The ATQ is a 12-item measure designed to measure sensitivity to positive (i.e., reward; 6
items) and negative (i.e., punishment; 6 items) stimuli or contexts, and demonstrates good
internal consistency (a=.74 for approach and a=.81 for avoidance)(Elliot & Thrash, 2010).
Items within each of these domains measure temperament dimensions of affective reactivity,
perceptual vigilance, and behavioral inclination.

In the scanner, participants completed two versions of the Approach-Avoidance Task (AAT;
(Najmi et al., 2010; Rinck & Becker, 2007; Taylor & Amir, 2012), in which they are
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presented on each trial with face pictures framed with a colored border while holding a
joystick in their hand. On each trial, they have to either pull the joystick toward themselves
(i.e., approach) if the border is green or push the joystick forward away from self (i.e. avoid)
if the border is blue. The faces were selected from the Pictures of Facial Affect database
(Ekman & Friesen, 1976) and conveyed emaotional expressions of three different valence
categories, including neutral expression, happiness, and disgust. To maximize the ecological
validity of social affective processing in this task, the face stimuli were animated face
morphs (30 frames/second over a 3-second window from the start of the trial). For both
happy and disgust conditions, faces started in a neutral emotional expression and
transformed over the 3 second window into either a happy or disgusted expression.

Each block included 72 trials and had equal numbers of push and pull trials. The order in
which each condition block (balanced vs high congruency) was administered was
randomized across participants. The balanced condition block included equal numbers of
push/pull trials for each of the three valence categories, i.e., 24 trial per category. As a result,
50% of the valenced trials were affectively congruent and 50% were affectively incongruent
trials. The high congruency condition had a higher proportion (83%) of congruent trials
(n=40; i.e., 20 push/disgust, 20 pull/happiness) relative to incongruent trial (n=8; i.e., 4 push/
happiness, 4 pull/disgust), and also 24 neutral face trials. There were an equal number of
female and male faces across conditions and valence types. At the end of each trial, the
joystick position (indicated visually on the screen by a cross) had to be re-initialized by
moving its position back to an empty box appearing in the center of the screen.

fMRI Analyses

2.3.1. Image acquisition: Participants were scanned in a 3 Tesla General Electric (GE)
scanner. For each AAT block, a T2*-weighted axially acquired echo-planar imaging (EPI)
scan was acquired to measure blood oxygen level dependent (BOLD) signal during the task
(parameters: 3.75mm x 3.75mm x 3mm; 64 x 64 acquisition matrix with a 1 mm gap,
TR=1500 ms, TE=32ms, flip angle=80°, and 30 slices (covering the whole brain)). A high-
resolution T1-weighted structural image was also collected (FOV 256 cm; matrix: acquired
192 x 256 matrix resampled to 256x256; 172 slices; thickness: 1 mm; TR=8 ms, TE: 3ms,
flip angle: 12°, inversion time = 450ms). Each trial lasted about 5,500ms, including joystick
repositioning and a jittered inter-trial interval (ITI) ranging from 1,500ms-2,000ms. Each
block lasted about 7min (M=6.92min). Participants used a MRI-safe joystick, which they
held in their hand. They had visual feedback via a projected screen visible through a mirror
in the head coil.

2.3.2. Pre-processing and subject-level analysis: Preprocessing, normalization to
MNI coordinates, and subsequent fMRI analyses were conducted using ANTSR (Avants et
al., 2016) and Analysis of Functional Neurolmages (AFNI) software (Cox, 1996).
Preprocessing steps included removal of temporal outliers, field inhomogeneity and slice
time correction, motion correction, and a CompCor component-based noise correction
(Behzadi, Restom, Liau, & Liu, 2007). Regressors were convolved with a canonical
hemodynamic response function (HRF) and entered into a general linear model (GLM).
Data were aligned to individual anatomical and MNI template. For each participant and
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block condition (Assessment vs Training), six regressors were generated for specific event
types locked to stimulus presentation onset and to its duration. Specifically, two regressors
were generated for congruent (push/disgust or pull/happy) and incongruent (push/happy or
pull/disgust) events. Neutral face trials were used as a reference baseline in the model to
control for face processing related activity. Additional regressors of no interest included a
(push-pull) contrast, a (happiness-disgust) contrast, error trials, and an overall task regressor.
These were included to control for neural activity independently related to the type of motor
action, the facial expression valence, performance error, and idleness, respectively.

2.3.3. Group-level analysis: To assess any condition effect on neural activation,
voxelwise paired t-tests (3dttest++) were conducted to compare both congruent and
incongruent related activation (subject-level GLM coefficients) between balanced and high
congruency conditions. Based on the AAT and approach/avoidance literature, we conducted
a region-of-interest analysis (ROI) restricting the search to threat and affective processing
regions based on a meta-analysis of 186 studies (https://neurosynth.org/analyses/topics/v5-
topics-400/273). This mask includes both frontocingulate emotional regulation and
inhibitory areas (e.g., IFG, lateral prefrontal cortex, ACC) and salience network regions
(e.g., amygdala, insula, and hippocampal regions). To further assess the relationship between
differential neural activation between assessment and training condition, we conducted two
voxelwise robust regressions (using the R function rlm). Each regression model included
ATQ approach and ATQ avoidance scores as independent variables, predicting the (High
Congruency - Balanced) activation difference for congruent and incongruent trials,
respectively. Condition order was also included as a covariate in both analyses and was not
associated with any statistically significant effect. To correct for multiple comparisons, we
used a cluster-based thresholding method based on Monte-Carlo simulations using the
updated AFNI function 3dClustSim. A voxel-wise a priori probability of .005 was used,
which resulted in a corrected cluster-wise activation probability of .05 using a minimum
volume of 8 connected voxels.

3. Results

3.1.

Behavioral Performance

Two miixed-effect generalized linear models were applied to participants’ raw reaction times
(RT) on correct trials as well as binary trial accuracy, each model treating subject as a
random factor to account for with-subject effects (Baayen, Davidson, & Bates, 2008). Given
the positive skew of the reaction times, an inverse Gaussian distribution was used to model
RTs (Lo & Andrews, 2015). A binomial logit distribution was used for trial accuracy.

Consistent with previously observed congruency effects in the AAT, participants had longer
reaction times when executing an incongruent relative to congruent response (i.e., Beta=30,
t=3.3, p<.001; omnibus test: X2(2)=11.6, p<.001). Experimental condition (Balanced vs
High Congruency) did not have any additional effect of RTs (p=.869) and did not interact
with congruency (p=.587; see Table 1 for mean reaction times by condition, valence, and
congruency). For each experimental condition, we further conducted two mixed-effect
generalized linear models assessing the effect of trait characteristics (ATQ Approach and
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ATQ Avoidance) on reaction times for congruent and incongruent trials, respectively.
Neither measure was significantly related to reaction times for either condition or trial type
(ps>.050; range: [.315 .721]). As expected, accuracy was high (Mean=91.6%) and was not
significantly related to either congruency or condition (ps>.050).

fMRI Analyses

3.2.1. Neural Differences associated with High Congruency vs Balanced
conditions: One area in the right anterior insula (BA 13; 11 voxels; Peak Voxel MNI
Coordinates: 36,18,~1; z=4.8, p<.0001) was identified, in which activation was lower in the
High Congruency relative to Balanced condition on congruent trials (see Figure 1A-B).
Activation to congruent trials in either condition was not significantly related to affective or
behavioral tendency measures (ps>.050). No differential activation for the High Congruency
vs Balanced condition was identified for incongruent trials.

3.2.2. Relationship between High Congruency - Balanced differential neural
recruitment and individual behavioral tendencies: One area in the right
hippocampus (BA 35; 10 voxels; Peak Voxel MNI Coordinates: 25,-11,-21; t=8.8, p<.0001)
was identified, in which High Congruency - Balanced differential activation during
congruent trials was significantly related to avoidance tendency but not approach tendency
(see Figure 2A). Specifically, differential High Congruency - Balanced activation was
negatively related to avoidance tendency (mean voxel correlation: r=-.73, p<.001; Figure
2B). When further assessing the relationship between condition-specific activation and
avoidance tendency, both activations were correlated with avoidance tendency. Specifically,
activation to congruent trial sin the Balanced condition was positively correlated with trait
avoidance (mean voxel correlation: r=+.64, p=.002), whereas such activation was negatively
correlated to trait avoidance in the High Congruency condition (mean voxel correlation: r=
-.51, p=.013).

4. Discussion

In this study, we aimed to identify how performing a higher rate of affectively congruent
responses to dynamic social cues, which could be implemented as a form of CBM training,
impacts the neural processing of these cues. This assessment may provide insight into what
neural systems support improved emotion regulation following such interventions. Using the
AAT paradigm, we assessed whether individuals display a different neural signature when
exposed to a higher proportion of congruent valence/action responses (i.e., approach and
avoid happy and disgusted faces, respectively) relative to a balanced context in which they
have to perform a similar amount of congruent and incongruent responses to those cues. We
found that, relative to a balanced context of congruent and incongruent trials, they exhibited
lower recruitment of the right anterior insula to congruent contexts when exposed to a higher
level of congruency in the task. In addition, differential activation to high congruency vs
balanced context in the right hippocampal region was specifically related to individuals’ trait
avoidance tendency.

Lower recruitment of the anterior insula was observed during the AAT when participants
were asked to complete a higher proportion of congruent responses relative to a context with
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equal levels of congruent and incongruent responses. The anterior insula is involved in
salience detection (Menon & Uddin, 2010; Seeley et al., 2007) and is connected to other
affective salience regions such as the amygdala. These salience network regions have been
consistently involved in the regulation of incongruent responses to face stimuli in the AAT
(Bertsch et al., 2018; Ernst et al., 2013; Radke et al., 2017; Volman et al., 2011; Yao et al.,
2018). The anterior insula is also linked to interoceptive processing (Craig, 2002) and is
reliably activated during affective anticipation of both positive and negative valence stimuli
(Jensen et al., 2003; Simmons, Matthews, Stein, & Paulus, 2004). Overall, our findings are
consistent with reduced affective processing when implementing a higher rate of
emotionally congruent responses (i.e., approaching happy faces, withdrawing from disgusted
faces). In contrast, such affective processing and salience detection function appears more
involved in less predictable contexts, i.e., with equal levels of congruent and incongruent
situations. From both reactive and interoceptive standpoints, reduced insula activation in the
high congruency condition could reflect a form of calibration of emotional salience signals
pertaining to congruent actions when these are being favored, relative to a more exploratory,
less known environment in which incongruency is as frequent as congruency.

Relatedly, our finding may reflect a reduced level of conflict processing as individuals are
exposed to a higher level of congruent behavior. In line with the research outlined above,
within an approach-avoidance framework, the anterior insula has been shown to activate
more with higher levels of decision conflict (Aupperle, Sullivan, Melrose, Paulus, & Stein,
2011). A recent study demonstrated a positive relationship between the level of
unpredictability in threat level when approaching rewards and activation of a network
including the subgenual and dorsal ACC and anterior insula/inferior frontal region (Schlund
et al., 2016). The insula was also implicated in early response inhibition processes as
suggested by N2 event-related potential (ERP) patterns in a joystick-based AAT during
incongruent vs congruent responses to positive pictures (Ernst et al., 2013).

This finding on congruent trials was observed after controlling for an overall effect of
valence and individuals saw equal amounts of disgusted and happy faces in both high
congruency and balanced conditions. However, it is possible that face emotional valence
may further modulate such condition difference. For instance, the anterior insula is activated
with the experience and observation of disgust (Calder et al., 2007; Jabbi, Bastiaansen, &
Keysers, 2008; Phillips et al., 1998; Wicker et al., 2003). Within congruent trials, the ‘avoid
disgusted face’ response could preferentially modulate the observed differential activation to
high congruency vs balanced condition. Future studies should investigate to what degree
valence and/or emotion characteristics (e.g., angry vs sad faces) may modulate recruitment
of the anterior insula or other salience regions when being exposed to higher affectively
congruent responses.

Additional predictive analyses showed that the degree of differential activation in the high
congruency relative to the balanced condition within the right hippocampus was negatively
related to individuals’ trait avoidance tendency on congruent trials. Thus, consistent with our
hypothesis, higher trait avoidance was associated with larger deactivation in the high
congruency condition relative to the balanced condition. However, we did not observe such
pattern with trait approach. Activation of the hippocampal region in conflicting approach-
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avoidance contexts has been observed in both rodent and human research (Bach et al., 2014;
Ito & Lee, 2016; O’Neil et al., 2015). This is consistent with the role of this region in post-
saliency detection affective processing, receiving input from the amygdala (Segal & Cahill,
2009; Zheng et al., 2017). Thus, trait avoidance characteristics may enhance the habituation,
i.e., activation decrease, of the hippocampus in response to low-conflict congruent actions
when these are being primed. The observed finding, however, was primarily driven by the
balanced condition activation being positively correlated with trait avoidance. Therefore, this
relationship may predominantly reflect a more persistent affective/conflict processing on
congruent responses during less predictable contexts (with equal levels of congruent and
incongruent responses) among individuals with higher trait avoidance.

Given the role of the hippocampus in emotional mnemonic processes (Kensinger & Corkin,
2004; Zheng et al., 2017), it is conceivable that our finding reflects the modulation of subtle
differential encoding processes by trait avoidance. That is, avoidance tendencies may be
associated with higher levels of contextual encoding in the balanced, less predictable
condition, and with a lower encoding level in a context during which participants are
accustomed to congruent responses. In other words, trait avoidant individuals may exhibit a
more sensitive hippocampal processing of congruent behavior as a function of task certainty.
Whereas individuals with higher trait avoidance may show enhanced affective/conflict
processing when congruency is not the normative response, those individuals may be
particularly responsive to a high congruency condition in terms of reducing such
hippocampal recruitment. Future work is needed to determine whether a cognitive training
with a similar emphasis on high congruency for high trait avoidance individuals may help
reduce post-saliency detection mnemonic processing of congruent behavior in this region.
Clinically, hippocampal congruency sensitivity may be associated with carryover effects on
emotional and cognitive experience (e.g., decreased ruminations) in interpersonal situations.
While this study was not designed to assess pre- to post- neural changes associated with the
high congruency condition, the present results offer a potential direction for future research
to test whether a congruency-focused AAT training may help address such clinical
symptoms in the long-term.

The present study has several limitations, including a small sample size with a limited range
of demographic characteristics, which limits the generalization of these findings to a
relatively young and healthy population. The lack of clinical assessment in this sample
further limits interpretation of the results in regards to psychiatric pathology beyond effects
related to trait characteristics of approach and avoidance. In addition, given the nature of the
research question, as well as participant fatigue considerations, the high congruency
condition focused on congruent approach/avoidance responses, with a significantly higher
proportion of congruent relative to incongruent trials. This imbalance could explain why we
did not find any significant training-assessment neural differences on incongruent trials.
Moreover, the present study was not designed to assess gender effects as well as the
interaction of participant and/or face stimuli genders with face expression valence. However,
such gender effects may further modulate behavioral tendencies. For instance, relative to
their male counterparts, female depressed patients display stronger avoidance of social faces
with various emational expressions in the AAT (Seidel, Habel, Finkelmeyer, et al., 2010). In
terms of poser/stimuli gender, both faster approach and faster avoidance responses to male
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relative to female faces have been observed (Seidel, Habel, Kirschner, Gur, & Derntl, 2010),
which may be particularly prominent among female participants towards angry male faces
(Rotteveel & Phaf, 2004). Overall, this research highlights the relevance of gender effects
and social learning influences on behavioral tendencies to social stimuli in the AAT
paradigm, which should be tested in future research. Finally, it is important to stress that the
present study in not a training study and did not evaluate pre- to post- changes in clinical and
neural patterns associated with a high congruency AAT condition. Follow-up research is
needed to disentangle how a cognitive training AAT focused on high congruency priming
may further modulate neural and emotional response to incongruent social affective
contexts.

In conclusion, relative to a balanced condition, a version of the AAT in which individuals are
tasked to perform a higher proportion of congruent responses (i.e., approach happy and
avoid disgusted faces) was associated with lower recruitment of the right anterior insula to
those congruent contexts. In addition, differential activation in the right hippocampus to the
high congruency relative to balanced condition was negatively related to individuals’ trait
avoidance tendency. These results have implications for a training version of the AAT aimed
at priming affectively congruent responses to realistic, dynamic social cues. They provide a
first glimpse of how experiencing a higher rate of congruent response in the AAT may
modulate affective processing of these cues at the neural level. These neural changes,
particularly over multiple training sessions, may in turn help shift individuals’ emotional
regulation and behavior towards social cues. In that respect, a high-congruency AAT
condition may be useful as a form of cognitive enhancement intervention to regulate
maladaptive social avoidance, although this will need to be tested in future research.
Nonetheless, the experimental parameters of the high-congruency condition used in the
present study are similar to those of active conditions used in AAT-based CBM interventions
with demonstrated clinical effects on social anxiety, specifically improving the level of
social engagement and mood in social contexts (Loijen et al., 2020; Rinck et al., 2013;
Taylor & Amir, 2012). By increasing ecological validity of the social context, the use
dynamic facial expressions in the present paradigm could help further enhance existing
CBM training protocols to improve mood and social functioning. While the present findings
should be replicated in larger, more clinically diverse samples and related to post-training
clinical functioning, this study suggests that the right anterior insula and hippocampus could
be important neural targets to consider when assessing the effectiveness and appropriateness
of such congruency-focused interventions. Individual behavioral tendencies may further
moderate the neural impact of such interventions, which should be tested further in
subclinical and clinical groups with pre-existing cognitive biases (e.g., social avoidance,
disinhibition).

Acknowledgments

This research was supported by the Veterans Health Administration 1K2CX001584, CX001600, and IK2CX000864
awarded to Katia Harlé, Jessica Bomyea, and Andrea Spadoni, respectively, as well as Merit 101-CX001542 and
101-CX000715, awarded to Alan Simmons, and NIMH funding (ROOMHO090243) awarded to Charles Taylor.
Declarations of interest: none.

Neuropsychologia. Author manuscript; available in PMC 2022 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harlé et al. Page 11

References

Adolphs R (2002). Neural systems for recognizing emotion. Current Opinion in Neurobiology, 12(2),
169-177. [PubMed: 12015233]

Amir N, Najmi S, Bomyea J, & Burns M (2010). Disgust and anger in social anxiety. International
Journal of Cognitive Therapy, 3(1), 3-10.

Aupperle RL, Sullivan S, Melrose AJ, Paulus MP, & Stein MB (2011). A reverse translational
approach to quantify approach-avoidance conflict in humans. Behavioural Brain Research, 225(2),
455-463. [PubMed: 21843556]

Avants B, Kandel B, Duda J, Cook P, Tustison N, & Shrinidhi K (2016). ANTsSR: ANTs in R:
quantification tools for biomedical images. R package version 0.3, 3.

Baayen RH, Davidson DJ, & Bates DM (2008). Mixed-effects modeling with crossed random effects
for subjects and items. Journal of memory and language, 59(4), 390-412.

Bach DR, Guitart-Masip M, Packard PA, Mir6 J, Falip M, Fuentemilla L, & Dolan RJ (2014). Human
hippocampus arbitrates approach-avoidance conflict. Current Biology, 24(5), 541-547. [PubMed:
24560572]

Behzadi Y, Restom K, Liau J, & Liu TT (2007). A component based noise correction method
(CompCor) for BOLD and perfusion based fMRI. Neuroimage, 37(1), 90-101. [PubMed:
17560126]

Bertsch K, Roelofs K, Roch PJ, Ma B, Hensel S, Herpertz SC, & Volman | (2018). Neural correlates of
emotional action control in anger-prone women with borderline personality disorder. Journal of
psychiatry & neuroscience: JPN, 43(3), 161. [PubMed: 29688872]

Calder AJ, Beaver JD, Davis MH, Van Ditzhuijzen J, Keane J, & Lawrence AD (2007). Disgust
sensitivity predicts the insula and pallidal response to pictures of disgusting foods. European Journal
of Neuroscience, 25(11), 3422-3428.

Chen M, & Bargh JA (1999). Consequences of automatic evaluation: Immediate behavioral
predispositions to approach or avoid the stimulus. Personality and social psychology bulletin,
25(2), 215-224.

Cox RW (1996). AFNI: software for analysis and visualization of functional magnetic resonance
neuroimages. Computers and Biomedical Research, 29(3), 162-173. doi:10.1006/cbmr.1996.0014
[PubMed: 8812068]

Craig AD (2002). How do you feel? Interoception: the sense of the physiological condition of the
body. Nature Reviews Neuroscience, 3(8), 655-666. [PubMed: 12154366]

Davis M, & Whalen PJ (2001). The amygdala: vigilance and emotion. Molecular Psychiatry, 6(1), 13.
[PubMed: 11244481]

Derntl B, Seidel E-M, Eickhoff SB, Kellermann T, Gur RC, Schneider F, & Habel U (2011). Neural
correlates of social approach and withdrawal in patients with major depression. Social
Neuroscience, 6(5-6), 482-501. [PubMed: 21777105]

Eisma MC, Rinck M, Stroebe MS, Schut HA, Boelen PA, Stroebe W, & van den Bout J (2015).
Rumination and implicit avoidance following bereavement: an approach avoidance task
investigation. Journal of Behavior Therapy and Experimental Psychiatry, 47, 84-91. [PubMed:
25499772]

Ekman P, & Friesen WV (1976). Pictures of facial affect. Palo Alto, CA: Consulting Psychologists
Press.

Elliot AJ, & Thrash TM (2010). Approach and avoidance temperament as basic dimensions of
personality. Journal of Personality, 78(3), 865-906. [PubMed: 20573129]

Ernst LH, Ehlis A-C, Dresler T, Tupak SV, Weidner A, & Fallgatter AJ (2013). N1 and N2 ERPs
reflect the regulation of automatic approach tendencies to positive stimuli. Neuroscience Research,
75(3), 239-249. [PubMed: 23298530]

Etkin A, Bichel C, & Gross JJ (2015). The neural bases of emotion regulation. Nature Reviews:
Neuroscience, 16(11), 693-700. doi:10.1038/nrn4044 [PubMed: 26481098]

Frijda NH (1953). The understanding of facial expression of emotion. Acta Psychologica.

Neuropsychologia. Author manuscript; available in PMC 2022 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harlé et al.

Page 12

Heuer K, Rinck M, & Becker ES. (2007). Avoidance of emotional facial expressions in social anxiety:
the approach—avoidance task. Behaviour Research and Therapy, 45(12), 2990-3001. [PubMed:
17889827]

Ito R, & Lee AC (2016). The role of the hippocampus in approach-avoidance conflict decision-
making: evidence from rodent and human studies. Behavioural Brain Research, 313, 345-357.
[PubMed: 27457133]

Jabbi M, Bastiaansen J, & Keysers C (2008). A common anterior insula representation of disgust
observation, experience and imagination shows divergent functional connectivity pathways. PloS
One, 3(8).

Jack RE, Garrod OG, & Schyns PG (2014). Dynamic facial expressions of emotion transmit an
evolving hierarchy of signals over time. Current Biology, 24(2), 187-192. [PubMed: 24388852]

Jensen J, Mclntosh AR, Crawley AP, Mikulis DJ, Remington G, & Kapur S (2003).Direct activation of
the ventral striatum in anticipation of aversive stimuli. Neuron, 40(6), 1251-1257. [PubMed:
14687557]

Kensinger EA, & Corkin S (2004). Two routes to emotional memory: Distinct neural processes for
valence and arousal. Proceedings of the National Academy of Sciences, 101(9), 3310-3315.

Loijen A, Vrijsen JN, Egger JI, Becker ES, & Rinck M (2020). Biased approach-avoidance tendencies
in psychopathology: A systematic review of their assessment and modification. Clinical
Psychology Review, 101825. [PubMed: 32143108]

Menon V, & Uddin LQ (2010). Saliency, switching, attention and control: a network model of insula
function. Brain Structure and Function, 214(5-6), 655-667. [PubMed: 20512370]

Najmi S, Kuckertz JM, & Amir N (2010). Automatic avoidance tendencies in individuals with
contamination-related obsessive-compulsive symptoms. Behaviour Research and Therapy, 48(10),
1058-1062. [PubMed: 20650448]

O’Neil EB, Newsome RN, Li IH, Thavabalasingam S, Ito R, & Lee AC (2015). Examining the role of
the human hippocampus in approach—-avoidance decision making using a novel conflict paradigm
and multivariate functional magnetic resonance imaging. Journal of Neuroscience, 35(45), 15039—
15049. [PubMed: 26558775]

Ochsner KN, & Gross JJ (2005). The cognitive control of emotion. Trends in Cognitive Sciences, 9(5),
242-249. [PubMed: 15866151]

Phillips ML, Young AW, Scott S, Calder AJ, Andrew C, Giampietro V, ... Gray J. (1998). Neural
responses to facial and vocal expressions of fear and disgust. Proceedings of the Royal Society of
London. Series B: Biological Sciences, 265(1408), 1809-1817. [PubMed: 9802236]

Radke S, Volman I, Kokal I, Roelofs K, de Bruijn ER, & Toni | (2017). Oxytocin reduces amygdala
responses during threat approach. Psychoneuroendocrinology, 79, 160-166. [PubMed: 28285187]

Reinders AS, Glascher J, De Jong J, Willemsen A, Den Boer J, & Biichel C (2006). Detecting fearful
and neutral faces: BOLD latency differences in amygdala—hippocampal junction. Neuroimage,
33(2), 805-814. [PubMed: 16952466]

Rinck M, & Becker ES (2007). Approach and avoidance in fear of spiders. Journal of Behavior
Therapy and Experimental Psychiatry, 38(2), 105-120. [PubMed: 17126289]

Rinck M, Telli S, Kampmann I, Woud ML, Kerstholt M, te Velthuis S, ... Becker ES. (2013). Training
approach-avoidance of smiling faces affects emotional vulnerability in socially anxious
individuals. Frontiers in Human Neuroscience, 7, 481. [PubMed: 23970862]

Roelofs K, Minelli A, Mars RB, van Peer J, & Toni | (2009). On the neural control of social emotional
behavior. Social Cognitive and Affective Neuroscience, 4(1), 50-58. [PubMed: 19047074]

Rotteveel M, & Phaf RH (2004). Automatic affective evaluation does not automatically predispose for
arm flexion and extension. Emotion, 4(2), 156. [PubMed: 15222853]

Sato W, Kochiyama T, Yoshikawa S, Naito E, & Matsumura M (2004). Enhanced neural activity in
response to dynamic facial expressions of emotion: an fMRI study. Cognitive Brain Research,
20(1), 81-91. [PubMed: 15130592]

Schlund MW, Brewer AT, Magee SK, Richman DM, Solomon S, Ludlum M, & Dymond S (2016).
The tipping point: Value differences and parallel dorsal-ventral frontal circuits gating human
approach-avoidance behavior. Neuroimage, 136, 94-105. [PubMed: 27153979]

Neuropsychologia. Author manuscript; available in PMC 2022 January 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harlé et al.

Page 13

Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH, Kenna H, ... Greicius MD (2007).
Dissociable intrinsic connectivity networks for salience processing and executive control. Journal
of Neuroscience, 27(9), 2349-2356. [PubMed: 17329432]

Segal SK, & Cahill L (2009). Endogenous noradrenergic activation and memory for emotional material
in men and women. Psychoneuroendocrinology, 34(9), 1263-1271. [PubMed: 19505766]

Seidel E-M, Habel U, Finkelmeyer A, Schneider F, Gur RC, & Derntl B (2010). Implicit and explicit
behavioral tendencies in male and female depression. Psychiatry Research, 177(1), 124-130.
[PubMed: 20199811]

Seidel E-M, Habel U, Kirschner M, Gur RC, & Derntl B (2010). The impact of facial emotional
expressions on behavioral tendencies in women and men. Journal of Experimental Psychology:
Human Perception and Performance, 36(2), 500. [PubMed: 20364933]

Simmons A, Matthews SC, Stein MB, & Paulus MP (2004). Anticipation of emotionally aversive
visual stimuli activates right insula. Neuroreport, 15(14), 2261-2265.
doi:10.1097/00001756-200410050-00024 [PubMed: 15371746]

Strauss M, Makris N, Aharon I, Vangel MG, Goodman J, Kennedy DN, ... Breiter HC. (2005). fMRI
of sensitization to angry faces. Neuroimage, 26(2), 389-413. [PubMed: 15907298]

Taylor CT, & Amir N (2012). Modifying automatic approach action tendencies in individuals with
elevated social anxiety symptoms. Behaviour Research and Therapy, 50(9), 529-536. [PubMed:
22728645]

Volman I, Toni I, Verhagen L, & Roelofs K (2011). Endogenous testosterone modulates prefrontal—
amygdala connectivity during social emotional behavior. Cerebral Cortex, 21(10), 2282-2290.
[PubMed: 21339377]

Vrijsen JN, van Oostrom |, Speckens A, Becker ES, & Rinck M (2013). Approach and avoidance of
emotional faces in happy and sad mood. Cognitive Therapy and Research, 37(1), 1-6. [PubMed:
23355753]

White SW, Maddox BB, & Panneton RK (2015). Fear of negative evaluation influences eye gaze in
adolescents with autism spectrum disorder: A pilot study. Journal of Autism and Developmental
Disorders, 45(11), 3446-3457. [PubMed: 25578337]

Wicker B, Keysers C, Plailly J, Royet J-P, Gallese V, & Rizzolatti G (2003). Both of us disgusted in
My insula: the common neural basis of seeing and feeling disgust. Neuron, 40(3), 655-664.
[PubMed: 14642287]

Wiers CE, Ludwig VU, Gladwin TE, Park SQ, Heinz A, Wiers RW, ... Bermpohl F. (2015). Effects of
cognitive bias modification training on neural signatures of alcohol approach tendencies in male
alcohol-dependent patients. Addiction Biology, 20(5), 990-999. [PubMed: 25639749]

Wiers CE, Stelzel C, Gladwin TE, Park SQ, Pawelczack S, Gawron CK, ... Rinck M (2015). Effects of
cognitive bias modification training on neural alcohol cue reactivity in alcohol dependence.
American Journal of Psychiatiy, 172(4), 335-343.

Wiers CE, & Wiers RW (2017). Imaging the neural effects of cognitive bias modification training.
Neuroimage, 151, 81-91. [PubMed: 27450074]

Yao S, Zhao W, Geng Y, Chen Y, Zhao Z, Ma X, ... Kendrick KM (2018). Oxytocin facilitates
approach behavior to positive social stimuli via decreasing anterior insula activity. International
Journal of Neuropsychopharmacology, 21(10), 918-925.

Zheng J, Anderson KL, Leal SL, Shestyuk A, Gulsen G, Mnatsakanyan L, ... Knight RT (2017).
Amygdala-hippocampal dynamics during salient information processing. Nature communications,
8(1), 1-11.

Neuropsychologia. Author manuscript; available in PMC 2022 January 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Harlé et al.

Page 14

. Approach-avoidance action tendencies may be altered in psychiatric
conditions

. Congruency-focused AAT may improve neural processing of social-affective
cues

. High congruency AAT was associated with lower right anterior insula

recruitment

. A high congruency AAT condition may help reduce affective processing of
social cues
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Figure 1.
A. BOLD signal associated with a significant condition effect (i.e., High Congruency vs

Balanced) on congruent trials in the right anterior insula (Brodmann Area 13). Color
scale=voxel z scores. B. In this region, significantly higher activation was observed in the
Balanced relative to High Congruency condition (p<.001; error bars=SEM).
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A. Left: BOLD signal associated with a significant effect of avoidance tendency (measured
with ATQ) on the differential (High Congruency- Balanced) activation on congruent trials in
the right hippocampus (Brodmann Area 35). Color scale=voxel t scores. B. Negative
relationship between differential (High Congruency- Balanced) activation on congruent
trials in this right hippocampus cluster (based on extracted individuals’ robust coefficient t
statistics) and ATQ Avoidance scores. ATQ= Approach and Avoidance Temperament

Questionnaire.

Neuropsychologia. Author manuscript; available in PMC 2022 January 22.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Harlé et al.
Table 1.

All Balanced High Congruency

Valence Congruency RT (ms) SD RT (ms) SD RT (ms) sD
Disgust Congruent 640 (207) 630 (205) 647 (208)
Incongruent 656 (266) 658 (278) 649 (224)
Neutral 634  (204) 634  (209) 634 (199)
Happiness ~ Congruent 620 (190) 625 (203) 616 (182)
Incongruent 668 (281) 678 (287) 639 (263)
Aggregate 638  (217) 643  (232) 634 (202)

RT=Reaction Times; Condition: Congruent=Approach Happy/Avoid Disgust; Incongruent=Approach Disgust/Avoid Happy
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