On the Control of Social Approach-
Avoidance Behavior: Neural
and Endocrine Mechanisms

Reinoud Kaldewaij, Saskia B.J. Koch, Inge Volman, Ivan Toni
and Karin Roelofs

Abstract The ability to control our automatic action tendencies is crucial for
adequate social interactions. Emotional events trigger automatic approach and
avoidance tendencies. Although these actions may be generally adaptive, the
capacity to override these emotional reactions may be key to flexible behavior during
social interaction. The present chapter provides a review of the neuroendocrine
mechanisms underlying this ability and their relation to social psychopathologies.
Aberrant social behavior, such as observed in social anxiety or psychopathy, is
marked by abnormalities in approach—avoidance tendencies and the ability to control
them. Key neural regions involved in the regulation of approach—avoidance behavior
are the amygdala, widely implicated in automatic emotional processing, and the
anterior prefrontal cortex, which exerts control over the amygdala. Hormones,
especially testosterone and cortisol, have been shown to affect approach—avoidance
behavior and the associated neural mechanisms. The present chapter also discusses
ways to directly influence social approach and avoidance behavior and will end with
a research agenda to further advance this important research field. Control over
approach—avoidance tendencies may serve as an exemplar of emotional action
regulation and might have a great value in understanding the underlying mechanisms
of the development of affective disorders.
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1 Introduction

The regulation of social-emotional behavior is crucial for social interactions.
Events with a positive or negative valence, such as perceiving a happy or angry
facial expression, trigger automatic emotional reactions. It has long been
acknowledged that this automatic emotional (or affective) behavior is directed at
either reducing or increasing the distance between the self and the object or person
that triggered the emotional reaction: For example, people tend to walk away from
things that scare them. In other words, positive or negative events or stimuli in the
environment trigger automatic approach and avoidance tendencies. These tenden-
cies can be crucial for survival, especially in situations of severe threat. However, in
other situations, approach—avoidance tendencies can interfere with goal-directed
(instrumental) behavior. In such situations, automatic approach—avoidance behavior
needs to be controlled. Control over approach—avoidance tendencies is especially
relevant to social interactions, during which overreacting to emotional cues can be
at the core of aggression and social avoidance.

Here, we aim to give an overview of research on approach—avoidance behavior,
focusing on the underlying neural and endocrine mechanisms, as well as how this
behavior is altered in social psychiatric disorders, such as social anxiety and psy-
chopathy. We will briefly discuss the theoretical background of approach—avoid-
ance behavior and discuss how (control over) approach—avoidance tendencies can
be experimentally measured and manipulated. Furthermore, we aim to integrate
current findings on neural correlates of approach—avoidance behavior in a prelim-
inary model and discuss future perspectives.
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2 Theoretical Background

Theories on emotion have stressed the link between affective evaluation and action
tendencies (Frijda 1986; Lang et al. 1990). These tendencies prepare for affective
behavior (i.e., behavior influenced by emotional processing), which is organized in
two motivational systems: approaching or appetitive behavior in response to pos-
itive, rewarding stimuli or events, and avoidant or aversive behavior in response to
negative, threatening stimuli (Lang et al. 1990). This approach—avoidance dis-
tinction of behavior has been used for thousands of years: The ancient Greek
philosopher Democritus (460-370 BCE) already described human action as “the
pursuit of pleasure and avoidance of pain” (Elliot 2006). The fundamental role of
approach—avoidance processes is illustrated by the fact that they are present across
species, from single-cell organisms to humans (Elliot 2006). Moreover, they take
place at different behavioral levels, from simple reflexes to advanced cognitive
actions (Lang et al. 1990).

Gray (1990) described the two motivational systems as a behavioral approach
(or activation) system (BAS), responding to stimuli that signal rewards or
non-punishments, and a behavioral inhibition system (BIS), responding to signals
of punishment and novelty. BAS activation causes an organism to approach a
stimulus and has been associated with dopaminergic pathways (Carver et al. 2000).
Engagement of the BIS system, in contrast, causes inhibition of ongoing behavior.
Gray linked this system to the septo-hippocampal complex, brain stem, and frontal
lobe. It has been argued that these systems also relate to the subjective experience of
emotion: BAS is associated with positive feelings, such as happiness, whereas BIS
is linked to negative feelings, such as fear, anxiety, and sadness (Carver et al. 2000).

3 Automatic Approach—Avoidance Behavior

Approach and avoidance tendencies have been mapped by different paradigms
ranging from active approach—avoidance tasks using joysticks to decision para-
digms. Using an emotional go-no-go task, Hare et al. (2005) found delayed
go-responses for angry faces (versus neutral or happy) to be positively associated
with amygdala activation. Berkman and Lieberman (2010) asked participants to
imagine being part of a tribe that either liked or disliked certain food types, as
appetitive and disgusting cues trigger approach and avoidance, respectively. They
found increased left (compared to right) dorsal prefrontal cortex activation during
approach (compared to avoidance) action decisions, measured with functional MRIL.
Experimental paradigms designed to directly tap into intrinsic action tendencies are
so-called approach—avoidance tasks (AAT) (Chen and Bargh 1999; Rinck and
Becker 2007; Rotteveel and Phaf 2004; Solarz 1960). In this type of task, partic-
ipants are presented with valenced stimuli, e.g., positive or negative words, emo-
tional faces, and pictures of positive or negative scenes. They are required to
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respond to these stimuli by flexing or extending of the arm to push a button or move
an object, such as a lever or joystick. Flexing the arm is associated with approach
behavior, whereas extending of the arm is associated with avoidance. The main
outcome measure is reaction (or: initiation) time, i.e., the time that is required to
initiate the movement after the presentation of the stimulus. Participants are gen-
erally faster at making approaching compared to avoiding movements to positive
stimuli such as happy faces, reflecting an approach tendency toward positively
evaluated stimuli. Similarly, participants are faster at making avoiding compared to
approaching movements toward negative stimuli, such as angry faces, reflecting an
avoidance tendency toward negatively evaluated stimuli (Chen and Bargh 1999;
Rotteveel and Phaf 2004). These effects are typically found both when emotion
evaluation is explicit (pull joystick when face is happy) and to a lesser extent when
it is incidental (e.g., when faces are colored and participants push and pull using a
color rule)—evidence for this latter category is mixed, and effect seems to depend
on the specific task used (Phaf et al. 2014). Similar effects are found in symbolic
approach—avoidance tasks where, for example, a manikin on a screen has to be
moved toward or away from a negative or positive stimulus using button presses
(De Houwer et al. 2001).

3.1 Individual Differences

There are individual differences in approach and avoidance action tendencies.
Strong deviations from normal approach—avoidance behavior can be seen in social
psychopathologies such as social anxiety, associated with relatively faster avoid-
ance of emotional faces (Heuer et al. 2007; Roelofs et al. 2010), and psychopathy,
associated with reduced avoidance of angry faces (Von Borries et al. 2012). Note
that angry faces communicate a social challenge, usually eliciting avoidance ten-
dencies in healthy individuals. The psychopathic patients showed no alterations in
facial expression recognition, and the lack of avoidance in response to angry faces
in psychopaths was associated with self-reported instrumental aggression levels
(Von Borries et al. 2012). Together, this may suggest that it is not the face pro-
cessing itself but the translation from affect to action that is altered in psychopathy
(see also Ly et al. 2016). Usually, the altered approach—avoidance tendencies in
social psychopathologies are found when angry faces are presented with direct gaze
and not with averted gaze, indicating that the anger has to be directed toward the
subject to elicit avoidance tendencies and indicating that the elicited avoidance is
not simply the result of a stimulus—response compatibility effect (Roelofs et al.
2010; Von Borries et al. 2012). Indeed, using a manikin task and positive and
negative words, Krieglmeyer and Deutsch (2010) showed that approach—avoidance
tendencies reflect a specific, motivational link between perception of affect and
behavior, rather than general stimulus—response compatibility.
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4 Control Over Approach—-Avoidance Behavior

Although evaluations of emotional situations often happen automatically and
implicitly, the associated behavioral action tendency does not necessarily have to be
implemented (Gross 2002). If the automatic tendency does not match the behavioral
goal, it can be overridden; for example, objects or situations regarded as threatening
or disgusting can be approached if one wants to. This ability to arbitrate between
automatic affective action tendencies and instrumental goals is crucial for flexible
behavior.

An example of affective influences on instrumental behavior is observed in
pavlovian—instrumental transfer (PIT) paradigms. Participants first learn to associate
specific stimuli (sounds or pictures) with reward (conditioned stimulus, CS+) and
non-reward or punishment (CS—), a process which is known as Pavlovian condi-
tioning. When subsequently engaging in a different task, for example, squeezing a
handgrip to earn money, they respond more vigorously if the CS+ is presented in
the background, even though this stimulus is not related to the monetary outcome at
all (Talmi et al. 2008). Affective biasing of instrumental behavior is generally
adaptive, and abnormalities in these processes have been associated with psychi-
atric disorders (Damasio 1997). For example, using a PIT-like paradigm,
task-irrelevant happy and angry faces influenced approaching and avoiding
whole-body movements to obtain a reward in healthy controls, but not in violent
offenders with psychopathic tendencies (Ly et al. 2016, 2014)

The AAT tests the arbitration between automatic affective reactions and
instrumental behavior. The task is subdivided into two conditions: an
affect-congruent condition, in which participants are required to make approaching
movements toward positive stimuli and avoiding movements toward negative
stimuli, and an affect-incongruent condition, which requires the exact opposite, i.e.,
avoiding movements when a positive stimulus is presented and approaching
movements when a negative stimulus is presented. The affect-incongruent condition
requires control over automatic response tendencies and is therefore more effortful,
which is reflected in longer reaction times for the affect-incongruent compared to
the affect-congruent condition (Chen and Bargh 1999; Rinck and Becker 2007;
Rotteveel and Phaf 2004). This is referred to as the congruency effect (Fig. 1).

4.1 Neural Mechanisms

In terms of brain activity, the anterior prefrontal cortex (aPFC) and the adjacent
ventrolateral PFC have consistently been found to be more active during the
affect-incongruent compared to the affect-congruent task conditions (Radke et al.
2015; Roelofs et al. 2009a, b; Volman et al. 2011a, b; Volman et al. 2013, 2016).
The aPFC has structural connections to the amygdala via the uncinate fasciculus
(Von Der Heide et al. 2013) and is highly connected to multiple functional
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Fig. 1 Schematic overview of the approach—avoidance task (Joystick version). Participants are
instructed to pull in response to happy faces or push in response to angry faces (affect-congruent)
or vice versa (affect-incongruent). When the task is performed in a scanner, the joystick is placed
on the abdomen of the participant. Outside the scanner, the joystick is placed on a table.
(Figure from Volman et al. 2013)

networks, including the social-emotional network (see Box 1), cognitive processing
network, and default mode network (Liu et al. 2013). It is implicated in the coor-
dination of multiple cognitive processes (Ramnani and Owen 2004) and switching
to alternative behaviors (Boorman et al. 2009). In the context of approach—avoid-
ance behavior, the aPFC may coordinate automatic emotional processing with the
implementation of a rule that depends on the automatic emotional processing. This
coordination is implemented through modulatory effects on regions supporting
those two constituent processes, namely the amygdala and the posterior parietal
cortex (PPC), respectively (Volman et al. 2011a). Noteworthy, the areas involved in
approach—avoidance behavior nicely fit with current models of the neural regions
implicated in emotion processing (see Box 1). The dynamics of this network may
be altered in individuals suffering from social psychopathologies. For example,
psychopaths show less aPFC activation and less functional connectivity between
the aPFC and amygdala during incongruent (control-related) trials, compared to
healthy controls (Volman et al. 2016). This suggests a link between reduced
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prefrontal activation and reduced control during situations that provoke emotional
reactions.

A study using continuous theta-burst stimulation (cTBS) to inhibit the left aPFC
illustrates the central role of this structure in the emotional control over approach—
avoidance tendencies. Compared to sham stimulation, active inhibition of this
region shortly before the approach—avoidance task resulted in decreased task per-
formance (i.e., more mistakes) during incongruent trials, but not during congruent
trials. In addition, cTBS resulted in decreased cerebral blood flow in the bilateral
aPFC, as well as increased blood flow in the amygdala. Taken together, these
results support the notion that the aPFC is crucial for overriding automatic action
tendencies, possibly via inhibition of the amygdala. In contrast, blood flow in the
PPC decreased after aPFC inhibition, concordant with its role in rule selection
(Volman et al. 2011a).

Box 1 Neural correlates of emotional processing

Over the past decades, there has been extensive research on the neural cor-
relates of automatic emotional processes and control over emotion. The
amygdala plays a key role in emotion processing, especially with respect to
fear and arousal (LeDoux 2000) and salience processing in general. Salience
processing refers to the identification of information relevant to survival
(Seeley et al. 2007). The amygdala is connected to areas important for sal-
ience detection, such as the anterior insula and dorsal anterior cingulate cortex
(Seeley et al. 2007) and responsible for the bodily fear response, such as the
hypothalamus and periaqueductal gray (PAG) (Rodrigues et al. 2009).
Emotional faces, among other salient stimuli, trigger automatic behavioral
tendencies via the amygdala (Adolphs 2002). The prefrontal cortex has
widely been implicated in emotion regulation by (inhibitory) control over the
amygdala (Etkin et al. 2015), with different subregions serving specific types
of regulation. The ventromedial prefrontal cortex (vmPFC) has inhibitory
projections to the amygdala and is associated with the process of fear
extinction (i.e., the reduction of the fear response toward a conditioned
stimulus when the stimulus is no longer threatening) (Rodrigues et al. 2009).
Another type of emotion regulation is cognitive reappraisal, which requires
the reinterpretation of the meaning of the presented stimulus (Ochsner et al.
2002). Areas related to reappraisal include the dorsolateral prefrontal cortex
(dIPEC), inferior frontal gyrus (IFG), and vmPFC (Ochsner et al. 2002).
Control over emotional (approach—avoidance) actions implicates
down-regulation of the amygdala by more anterior and ventrolateral parts of
the prefrontal cortex (Volman et al. 2013).

An illustration of the network involved in control over approach—avoidance
behavior is provided by Volman et al. (2013). Dynamic causal modeling
(DCM) was used to define the neural circuit and the effective connectivity
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supporting AAT performance. The model focused on three fundamental nodes,
namely the fusiform face area (FFA), necessary for processing the facial expres-
sions used in the task (Kanwisher 1997); the amygdala, necessary for emotional
processing of the stimulus (Adolphs 2002); and the aPFC, known to interact with
the amygdala during AAT (Fig. 2; Volman et al. 201 1a, b). Participants of the study
performed the approach—avoidance task and showed the normal congruency effect,
i.e., longer reaction times in the incongruent compared to congruent conditions,
reflecting control over automatic responses during incongruent trials. DCM was
used to estimate how the different structures interacted during task performance.
Emotional control influenced aPFC activation via the feed-forward input from the
amygdala and on the aPFC self-connection. Modulation of the amygdala occurred
via the aPFC (Fig. 2). Interestingly, the inhibitory connection from the aPFC to the
amygdala was weaker in carriers of a short allele (S-carriers) of the S-HTTLPR
gene compared to non-carriers. S-carriers are associated with reduced serotonin
transporter availability and serotonin reuptake and are more likely to develop social
psychopathologies after stressful events (Canli and Lesch 2007). Moreover, the
amygdala response to threatening stimuli is increased in S-carriers (Hariri et al.
2002). The reduced inhibitory control of the aPFC over the amygdala in this group
provides an explanation for the increased amygdala response and may be implicated
in emotional vulnerability in general.

5 Manipulating Approach—Avoidance Behavior

5.1 Neuroendocrine Effects

Testosterone and cortisol are known to modulate emotional reactions.
Neuroendocrine influences on approach—avoidance behavior have been investigated
by determining effects of endogenous hormone levels and by drug administration
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studies. Noteworthy, effects of hormones have been shown to be especially relevant
to approach—avoidance behavior in psychopathology related to social-emotional
behavior.

5.1.1 Testosterone

Testosterone is released from the gonads as the end product of the hypothalamic—
pituitary—gonadal (HPG) axis (Campbell et al. 2009) and is strongly associated with
aggressive and approach-related behavior (Archer 2006; Bos et al. 2012). The
hormone and its metabolites can influence neural activity via various neurochemical
mechanisms. Baseline endogenous testosterone levels have shown to be positively
correlated to activation of the amygdala and the orbitofrontal cortex, which is part
of the prefrontal cortex (Mehta and Beer 2010; Van Wingen et al. 2011). Moreover,
both the administration of testosterone and baseline testosterone levels are associ-
ated with decreased connectivity between the amygdala and prefrontal cortex
(Peper et al. 2011)

Endogenous testosterone in male participants modulates the strength of the AAT
congruency effect in the aPFC: Lower baseline (pretask) testosterone levels in
saliva were associated with higher aPFC activity during incongruent (compared to
congruent) trials. Moreover, functional connectivity between the aPFC and
amygdala was modulated by endogenous baseline testosterone levels in this task.
Lower baseline testosterone levels were associated with more negative functional
connectivity between the aPFC and amygdala, suggesting a negative correlation
between endogenous testosterone and prefrontal inhibitory control (Volman et al.
2011b). Psychopaths show a similar negative correlation between baseline testos-
terone levels and local activity in the aPFC as well as aPFC—amygdala connectivity
(Volman et al. 2016). This underlines the impact of testosterone levels on control
over emotional behavior. These findings are complemented by testosterone
administration studies. Compared to placebo, sublingual testosterone administration
in healthy female participants leads to reduced avoidance tendencies in response to
angry faces, but not in response to happy faces (Enter et al. 2014). Neural effects of
testosterone administration were specific to angry faces as well: In incongruent
trials (approach-angry), testosterone administration resulted in increased amygdala
activation (Radke et al. 2015). These testosterone administration studies indicate
that testosterone biases behavior toward the approach of social threat, which may
underlie mechanisms of social dominance and aggression. The approach-related
effects of testosterone may be beneficial for individuals suffering from social
anxiety disorder (SAD): A recent study by Enter et al. (2016) showed that SAD
patients show increased approach tendencies toward angry faces after sublingual
testosterone administration compared to placebo, indicating that testosterone
reduces the social-avoidant tendencies in these patients.
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5.1.2 Cortisol

The glucocorticoid cortisol is the end product of the hypothalamic—pituitary—
adrenal (HPA) axis. The HPA axis plays an important role in responding to stressful
events (De Kloet et al. 2005). Perception of a stressor leads to the activation of a
cascade of hormones starting at the hypothalamus, ultimately leading to the release
of cortisol by the adrenal glands. Cortisol increases activity of the sympathetic
nervous system, which is important for fight and flight behavior. In the brain,
cortisol binds to areas that contain glucocorticoid or mineralocorticoid receptors,
such as the amygdala, hippocampus, and frontal areas (Lupien et al. 2007). As
cortisol plays especially an important role in the context of responding to stress,
studies have focused on cortisol levels in response to stress induction and cortisol
administration rather than baseline cortisol levels. For example, cortisol adminis-
tration has been shown to reduce amygdala activity in response to emotional
expressions (Henckens et al. 2010).

Cortisol levels can be increased by stress induction, for example, by the Trier
Social Stress Test (TSST), during which participants have to give a speech and do a
mental arithmetic task in front of an audience (Kirschbaum et al. 1993).
Stress-induced cortisol in male and female patients with SAD was associated with
stronger avoidance in response to angry faces, compared to healthy controls
(Roelofs et al. 2009). Also, cortisol administration enhances the behavioral con-
gruency effect specifically for angry faces but only in highly avoidant healthy
subjects: Male participants with a high score on the behavioral inhibition scale
(BIS) were slower to approach an angry face after cortisol administration, compared
to placebo (van Peer et al. 2007). This behavioral effect was accompanied by
increased event-related potentials (ERPs), P150 and P3, in response to angry faces
when an avoidant movement has to be made, suggesting increased processing of
threat stimuli. Similar results were obtained in a cortisol administration study with
male and female patients with SAD, in which an increased avoidance tendency was
found in response to angry faces only. Additionally in SAD patients with high
symptom severity, there was also an effect of cortisol on the P150 amplitude (i.e.,
increased visual processing) during avoidance, especially in response to angry faces
(van Peer et al. 2009). Taken together, the effects of cortisol on threat avoidance
seem to be specific for highly anxious individuals and might be an underlying factor
in the maintenance of social avoidance in SAD.

5.1.3 Oxytocin

The neuropeptide oxytocin is synthesized in the hypothalamus and acts on various
brain structures, such as the amygdala, hippocampus, and brainstem (Meyer-
Lindenberg et al. 2011). Oxytocin has prosocial and anxiolytic properties (Koch
et al. 2014; Meyer-Lindenberg et al. 2011) and has been implicated in social
approach behavior (Heinrichs et al. 2009). After intranasal oxytocin administration,
low socially anxious males showed increased approaching tendencies in response to
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specifically angry faces, while they showed the normal tendency to avoid angry
faces in the placebo condition (Radke et al. 2013). This effect was absent in high
socially anxious males. In addition, no effects of oxytocin on approach tendencies
toward happy faces were found, which might have been expected given the
prosocial effect of oxytocin. Therefore, the beneficial effects on approach behavior
seem mainly to be due to the anxiolytic—and not the prosocial—effects of oxytocin
(Radke et al. 2013).

5.2 Training

Approach—avoidance tendencies can be changed with behavioral training, in which
an adapted version of the approach—avoidance task is used. The aim of the training
could be to reduce an avoidance bias or to increase an approach bias. For instance,
in the case of anxiety, participants are instructed to pull the stimulus that they would
normally avoid (e.g., a spider in spider phobia) and to push away a neutral or
positive control stimulus. The aim of the training could also be reducing an
approach bias. For instance, in the case of addiction, exactly opposite instructions
are used: Participants have to push away (abuse-related) stimuli that they would
normally approach (e.g., a picture of an alcoholic drink in alcohol abuse).

Promising results have been obtained, for example, in the training of highly
socially anxious individuals, who are inclined to avoid happy and angry faces.
When highly socially anxious males and females are trained to approach happy
male and female faces and avoid checkerboards, they approach female happy faces
faster, compared to individuals who received the opposite training (i.e., avoid happy
faces and approach checkerboards). Importantly, after training, they show less
self-rated emotional vulnerability and anxiety in response to a social stress task
(Rinck et al. 2013). Similar trainings have been shown to be beneficial for treatment
outcome in alcohol-dependent inpatients. Alcohol-dependent/alcoholic patients
who received a training using the AAT in which they have to avoid (i.e., push
away) pictures of alcoholic drinks, showed an alcohol avoidance bias, instead of
their pretraining alcohol approach bias. Moreover, after regular treatment, they
showed less relapse after one-year follow-up. No effect on alcohol avoidance bias
was found in the control groups of alcoholic patients receiving sham training or no
training at all (Wiers et al. 2011). Approach—avoidance training has also been
successfully applied in improving racial attitudes. Non—African American students
were either trained to approach photographs of African American persons and avoid
Caucasian persons, or approach Caucasian and avoid African American, or move
the joystick sideways. Compared to the other conditions, participants in the
approach-African American condition showed reduced implicit racial prejudice
during an implicit association task and increased immediacy during interaction with
a African American confederate (i.e., decrease in distance and increase in body
orientation directed toward the confederate) (Kawakami et al. 2007).
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6 Discussion and Future Horizons

Approach—avoidance tendencies result from the evaluation of positive and negative
stimuli or events. Positive evaluations are associated with approaching behavior,
whereas negative evaluations are related to avoidance. Behavior opposite to these
automatic tendencies requires emotional control, reflected in slower action initia-
tion. In the brain, the regulation of approach—avoidance behavior is marked by
inhibition of the amygdala by the aPFC (see Fig. 3). The amygdala plays a central
role in the network underlying emotional action processing, which also contains
visual processing areas such as the FFA. The aPFC coordinates the implementation
of task instructions, associated with PPC activation, and emotional action tenden-
cies supported by the amygdala. Decoupling of functional connectivity between the
aPFC and amygdala is associated with reduced control over emotional actions. The
fact that control of approach—avoidance behavior requires involvement of these
anterior regions of the PFC suggests that control over social approach and avoid-
ance may involve coordination of multiple hierarchically organized processes
(Koechlin and Summerfield 2007). Future studies should investigate the content
and the format of the neural representations that are coordinated during emotional
control. It is also important to understand whether those control circuits are used
only when social approach—avoidance behavior needs to be controlled. The inter-
play of aPFC, PPC, and amygdala eventually leads to behavior via the motor
system. The PMC is a likely candidate for this integration (Boorman et al. 2009). It
is important to understand how motor synergies for approach/avoidance, computed
in the PMC (Graziano 2006), are accessed by the aPFC during emotional

affective
cue

approach-avoidance
behavior

Fig. 3 Schematic model of brain regions involved in (control over) approach—avoidance
behavior. Affective cues trigger emotional action tendencies via the amygdala. The aPFC
arbitrates between these automatic tendencies and current behavioral goals, associated with
posterior parietal cortex activation. Areas and connections in gray are hypothesized output regions.
PPC posterior parietal cortex, aPFC anterior prefrontal cortex, V/FFA visual processing
areas/fusiform face area, AMY amygdala, PMC premotor cortex, STR striatum
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regulation. A likely route through which the aPFC could influence the PMC is
provided by fronto-striatal loops (Haber and Knutson 2009). The striatum plays a
central role in value-based action decisions (Rangel et al. 2008) and actions to
obtain reward or avoid punishment in monetary and social incentive delay tasks
(Spreckelmeyer et al. 2009). In AAT studies, it has also been found to be more
active during affect-incongruent trials, in which the behavioral goal conflicts with
the automatic tendency (Volman et al. 2016).

Social approach—avoidance behavior and the dynamics of the underlying neural
network have been found to be altered in several (social-emotional) psychiatric
disorders and to be influenced by (exogenous administration of) hormones such as
testosterone and cortisol. Increased approach-related behavior toward angry faces
has been found in patients with psychopathy, as well as in healthy female partic-
ipants after testosterone administration. Similarly, reduced functional aPFC-
amygdala connectivity and reduced aPFC activation during situations that require
control (i.e., incongruent trials) were associated with both psychopathy and
increased endogenous testosterone levels. In sum, testosterone is anxiolytic and
promotes social approach behavior. Increased levels of cortisol, caused by stress
induction or cortisol administration, enhance the tendency to avoid angry faces in
anxious males and females. Moreover, cortisol led to higher amplitudes of ERPs
related to visual processing, during the avoidance of angry faces. Taken together,
cortisol seems to enhance threat processing and already existent avoidant behavior.
Similar to testosterone, oxytocin has been shown to have anxiolytic effects,
resulting in more approach to social threat, but only in low anxious individuals.

In this chapter, we did not go into detail about findings on lateralization of
approach—avoidance tendencies. It has been proposed that the different motivational
systems correlate with different sites of the prefrontal cortex: Approach motivation
relates to left-sided activation of this brain area, whereas avoidance/withdrawal
motivation is associated with right-sided activation (Davidson 2004). This notion of
lateralized motivational systems is supported by electroencephalography
(EEG) studies of baseline prefrontal activation asymmetry. For example, depressed
patients show less left than right frontal activity compared to healthy controls
(Davidson 1998). Moreover, behavioral approach sensitivity, measured on the BAS
scale, relates to greater left than right frontal cortical activity (Harmon-Jones and
Allen 1997). From functional MRI research, however, there is little evidence for
lateralization of these motivational systems or affect in general (Wager et al. 2003),
although one study found increased left (compared to right) dorsal prefrontal cortex
activation during approach (compared to avoidance) action decisions (Berkman and
Lieberman 2010). However, the paradigm used in that study is not likely to elicit
automatic approach—avoidance action tendencies, because participants were
required to imagine themselves being part of a tribe that made different approach or
avoidance decisions than they would normally do.
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6.1 Future Agenda

Research on the regulation of emotion has mainly focused on cognitive strategies
related to the altering the affective evaluation of salient stimuli or events, such as
emotion suppression, emotion reappraisal, and redirection of attention (Gross
2002). The control over emotional actions that follow such affective evaluations has
remained a largely understudied aspect of emotion regulation. This is surprising,
given the importance of these action tendencies in our understanding of emotional
processing and social-emotional behavior. The control over automatic approach—
avoidance tendencies, as operationalized in so-called approach—avoidance tasks,
may serve as an exemplar of this type of emotional control. More research on the
underlying neural correlates of controlling approach—avoidance and its relationship
with other aspects of emotion regulation such as reappraisal and attention redi-
rection will further our understanding on how individuals deal with emotional
events they encounter. First hints that these processes may be related come from a
study showing that neural medial and lateral PFC effects during appraisal are partly
explained by regulating (avoidant) eye movements (van Reekum et al. 2007).

The studies discussed here indicate that endocrine influences on approach—
avoidance behavior may play an important role in the development and mainte-
nance of problems in social-emotional behavior. However, hormones can also have
a beneficial effect on exaggerated approach—avoidance tendencies, as has been
shown in the study by Enter and colleagues (2014, 2016): The approach-related
effects of testosterone counteracted the avoidant tendencies toward angry faces in
healthy subjects (Enter et al. 2014) and in SAD patients (Enter et al. 2016). This
result shows the potential of hormones in the enhancement of existing therapies,
such as cognitive—behavioral therapy. For example, it is worth investigating if
testosterone might help patients during exposure to situations that are experienced
as socially threatening.

Another way of improving maladaptive approach or avoidance tendencies is by
behavioral training, which has been shown to be effective for alcohol addiction and
social anxiety disorder (Rinck et al. 2013; Wiers et al. 2011). To date, little is
known about the effects of such training on the underlying neural mechanisms. It
would be insightful, for example, in case of social anxiety, to know whether
reductions in avoiding social threat after training originate from increased top-down
inhibitory control from the aPFC over the amygdala, or from reduced salience of the
social threatening stimulus or event. The first explanation would indicate that
approach—avoidance training increases emotional control over specific automatic
tendencies, whereas the latter explanation would suggest that the affective evalu-
ation of the stimulus itself has changed. A recent study on the effects of approach—
avoidance training in alcoholism showed a reduction in amygdala activation in
response to alcohol cues, suggesting devaluation of the stimulus (Wiers et al. 2014).
More understanding about the underlying mechanism of approach—avoidance
training could also be beneficial for the development of specific combination
treatments. For example, administration of testosterone in SAD patients before
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approach—avoidance training of emotional faces might make the training even more
effective.

Although it is clear that psychiatric disorders characterized by deficits in social—
emotional functioning are associated with altered approach—avoidance behavior,
little is known about the causal role of approach—avoidance tendencies and the (in)
ability to control them. It would be valuable to know whether a lack of control over
these tendencies can actually predict emotional vulnerability and/or the develop-
ment of social psychopathology. Some evidence hints in that direction, for example,
the study by Volman et al. (2013), showing reduced top-down control over
approach—avoidance tendencies in carriers of a polymorphism associated with
increased risk of social psychopathology, such as anxiety, depression, and
aggression-related disorders, after stressful events. Longitudinal investigations
could shed light on whether abnormal approach—avoidance tendencies relate pre-
existing vulnerability for social psychopathology or that they are acquired abnor-
malities. Such a study could be performed in groups at risk of social
psychopathologies or individuals who are likely to encounter stressful events, such
as soldiers or policemen. More knowledge about the underlying mechanisms of the
development and maintenance of social psychopathology is crucial for prevention
of these disorders and the development of novel treatment approaches.

7 Conclusion

The study of the regulation of approach—avoidance tendencies has been shown to be
instrumental for understanding affective behavior. Individual differences in (control
over) approach—avoidance behavior are associated with levels of hormones such as
testosterone and cortisol, and abnormal social interactions, as observed in social
anxiety and psychopathy. The amygdala, triggering action tendencies in response to
emotionally salient stimuli, and anterior PFC, inhibiting the amygdala when
appropriate, play an important role in the neural network underlying the regulation
of approach—avoidance tendencies. We have only just begun to explore the
potential of the approach—avoidance paradigm in understanding the role of emo-
tional action regulation in normal and affective behavior.
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