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Abstract

Motivation has played an integral role in understanding personality development. Two 

motivational systems, one associated with seeking reward (approach motivation) and one 

associated with avoidance of threat (avoidance motivation), have been theorized to represent 

individual differences in behavioral responses to the environment. However, contextual factors, 

particularly those with a high degree of novelty, ambiguity, and unpredictability, may 

simultaneously activate both systems, thereby causing approach-avoidance conflict. The resulting 

behavior, commonly called inhibition, is characterized by an inability to engage in motivated, 

goal-directed behavior and is theorized to reflect a core component of anxiety. A form of 

inhibition observed in childhood, behavioral inhibition (BI), is a relatively stable temperamental 

profile characterized by negative affect in response to unfamiliar and unpredictable contexts and is 

a risk factor for anxiety. Our review draws from findings in clinical and cognitive neuroscience to 

argue that BI reflects an increased sensitivity of both approach and avoidance motivational 

systems, thereby increasing the likelihood of approach-avoidance conflict within the context of 

unfamiliar or unpredictable stimuli and environments. Such motivational conflict activates neural 

systems associated with conflict monitoring, which leads to increases in arousal (e.g., sympathetic 

nervous system activity) and onlooking behavior, two commonly observed characteristics of 

childhood BI.

1. Introduction

Numerous theories attempt to account for the vast presentations of individual differences in 

temperament and personality in humans (Cattell, 1957; Digman, 1990; Eysenck, 1963; 

Goldberg, 1993; Gray, 1981; John & Srivastava, 1999; Rothbart, 2007). One orientation to 

personality development emphasizes the role of motivated behavior in shaping stable 

patterns of behavioral response to the environment (Beauchaine & Zisner, 2017; Berridge, 
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2004; Fowles, 1988; Gray, 1981; Mackintosh, 1974). Among these theories, it is typically 

agreed upon that two independent, neurobiological-based motivational systems contribute to 

goal-directed behavior (Corr, 2004; Gray & McNaughton, 2003). The approach-related 

system is associated with an organism’s motivation to seek and obtain rewarding stimuli and 

environments. In contrast, the avoidance-related system is associated with active behaviors 

to avoid unpleasant stimuli and environments. Research in both human and animal 

neuroscience largely confirms that distinct neural systems guide approach and avoidance 

motivation, which we describe in detail later (Berridge & Robinson, 2003; Davis, Walker, 

Miles, & Grillon, 2009; Gray & McNaughton, 2003; LeDoux, 1995).

Although approach and avoidance motivation are relatively distinct, they are often 

coactivated by environmental factors (Corr, 2004; Gray & McNaughton, 2003). Contexts 

that elicit both motivational systems typically are those that are highly novel, ambiguous, 

and unpredictable (Corr, 2004; Gray & McNaughton, 2003; Grillon, 2002; Grillon, 2008). 

These contextual factors are perceived to comprise the possibilty of both reward and 

punishment and may require basic cost-benefit comparison before approach or avoidance 

behaviors are adopted (Aupperle & Paulus, 2010). For example, a novel but ambiguous 

situation could either provide rewards or cause harm. The relative safety benefits of avoiding 

the novel situation must be weighed against the possibility of sacrificing potential rewards. 

In such instances, there is conflict between approach and avoidance motivational systems, 

because both systems are activated (Gray, 1982; Gray & McNaughton, 2003). Recent 

findings in affective neuroscience have found that contextual factors known to cause 

approach-avoiandce conflict, such as unpredictability, increase activation of both approach 

and avoidance motivational systems (Gorka, Nelson, Pha, & Shackman, 2016; Grillon, 2008; 

Shankman et al., 2014), as well as increase actvation of systems that detect conflict 

(Jackson, Nelson, & Hajcak, 2016). Critically, a high level of approach-avoidance conflict is 

theorized to result in the inhibition of behavior (Gray, 1981; Gray & McNaughton, 2003). 

Here we refer to the concept of inhibition as stopping/interrupting goal-directed behavior in 

contexts that elicit approach-avoidance conflict.

The concept of inhibition has been described extensively by two relatively distinct 

psychological disciplines. Jeffrey Gray, a clinical psychologist who is best known for his 

theory of motivation in contributing to personality (Corr, 2004; Gray & McNaughton, 2003), 

described inhibition as the behavior that results from approach-avoidance conflict (Gray & 

McNaughton, 2003). Inhibition has also been described by Jerome Kagan, a developmental 

psychologist whose career in part focused on understanding the neurobiology of 

temperamental inhibition in toddlers and young children (Coll, Kagan, & Reznick, 1984; 

Kagan, Reznick, Clarke, Snidman, & Garcia-Coll, 1984). When discussing these theoretical 

constructs, we refer to the behavioral inhibition system (BIS) as the conflict system 

described by Gray and behavioral inhibition (BI) as the temperamental profile described by 

Kagan.

A growing body of research is characterizing the mechanisms associated with conflict 

processing and subsequent behavioral adaptations following motivational conflict (Aupperle, 

Melrose, Francisco, Paulus, & Stein, 2015; Aupperle & Paulus, 2010). Research in cognitive 

neuroscience has also extensively examined the neural systems dedicated to conflict 
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detection and resolution (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Ullsperger, 

Danielmeier, & Jocham, 2014; Wessel, 2018; Wessel, Danielmeier, Morton, & Ullsperger, 

2012). These systems are thought to detect conflict and cause momentary inhibition of 

behavior as a way to improve future goal-directed behavior (Wessel, 2018). Similarly, both 

Gray and Kagan often drew upon findings in animal and human neuroscience in their quest 

to understand the biological basis of inhibition (Gray & McNaughton, 2003; Kagan, 

Reznick, & Snidman, 1988). However, to the best of our knowledge, little work has 

integrated Kagan and Gray’s views on inhibition (Morgan, 2006), particularly as it is related 

to approach and avoidance motivational systems and approach-avoidance conflict. 

Moreover, such work has yet to be fully integrated with the more recent cognitive 

neuroscience of conflict processing.

In this review, we explore the degree to which Kagan’s view of inhibition during childhood 

(i.e., childhood BI) can be characterized by Gray’s theory of motivational systems, 

personality and anxiety. Specifically, we focus on systems related to the motivation to 

engage in approach-related social behavior in childhood (e.g., playing with an unfamiliar 

peer) and to the motivation to engage in avoidance-related social behavior in childhood (e.g., 

leaving an unpleasant social situation). We examine how approach-avoidance conflict is 

associated with BI, which we argue results in an inability to engage in flexibly controlled, 

goal-directed behavior (i.e., inhibition), particularly in novel, ambiguous, or unpredictable 

contexts (Asendorpf, 1991; Coplan, Rubin, Fox, Calkins, & Stewart, 1994; Rubin, 2014; 

Rubin, Coplan, & Bowker, 2009). We also integrate such theory with more recent work from 

the field of cognitive neuroscience.

2. Motivational Systems Associated with Inhibition

In his original model, Gray (1981, 1982) postulated that motivational systems for approach 

and avoidance underlie individual differences in personality. Unlike Kagan’s emphasis on 

early temperament differences, Gray’s model of personality focused on the neurobiology of 

motivational systems as it relates to personality (Gray, 1982), and later, how conflict 

between these motivational systems produces anxiety (Gray & McNaughton, 2003). As a 

rebuttal to Eysenck’s theory of personality (Eysenck, 1963), Gray used findings from animal 

learning and emerging neuroscience research to argue that behavior is largely characterized 

by two independent motivational systems. As defined by Gray, the behavioral approach 

system (BAS) mediates motivational appetitive and approach behavior that is sensitive to 

receiving rewards. In contrast, Gray originally formulated the BIS to mean a motivational 

system that is sensitive to punishment and nonrewards, which reflects both avoidance 

behavior (e.g., fleeing from threat) and inhibition of behavior (i.e., abrogation of behavior 

and environmental scanning). Gray argued that individual differences in personality are 

shaped by differences in these two independent systems (Gray, 1982).

One prominent critique of Gray’s original model pointed to the difficulty in distinguishing 

biological systems that involve mediation of active avoidance rather than inhibition of 

behavior (Smillie, Pickering, & Jackson, 2006). In an updated model that leveraged more-

recent insights in neuroscience (D. C. Blanchard & Blanchard, 1972; R. J. Blanchard, 

Yudko, Rodgers, & Blanchard, 1993). Gray clarified that what was originally referred to as 
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the singular BIS is actually better characterized as two separate, though interrelated, 

systems: the fight-flight-freeze system (FFFS) and the BIS (Gray & McNaughton, 2003). 

Thus, the updated and most recent version of Gray’s model, reinforcement sensitivity theory 

(RST), includes three separate systems: the original BAS, the newly defined FFFS, and the 

redefined BIS (Gray & McNaughton, 2003; Smillie et al., 2006). Gray’s revised RST model 

describes FFFS as a motivational system characterized by behavior (e.g., escaping, 

aggression, freezing) that is driven by basic fear circuitry, which serves to actively defend 

the organism from threat. Thus, in Gray and McNaughton’s (2003) RST model, FFFS bears 

the closest resemblance to BIS as it was defined in Gray’s original theory.

In contrast, the BIS, as it is now defined within the RST, is specifically related to the 

resulting conflict that occurs when FFFS and BAS are coactivated. Gray and McNaughton 

(2003) theorized that the coactivation of FFFS and BAS is most likely to occur within 

contexts that involve a high degree of unfamiliarity or unpredictability. For example, a novel 

or unfamiliar stimulus could be rewarding in itself or may lead to the possibility of reward 

(Horvitz, 2000), but could also be harmful or threatening (D. C. Blanchard, Griebel, Pobbe, 

& Blanchard, 2011). In such situations of both high approach and avoidance motivation, the 

BIS is theorized to inhibit one’s behavior and increase attention to the environment, as well 

as increase physiological arousal (e.g., increases in sympathetic nervous system activity) in 

order to resolve the apparent motivational conflict through further processing of contextual 

cues/demands. Gray examined the neurobiology associated with these systems to understand 

psychopathology and personality, suggesting that the BIS is the core component in the 

presentation of anxious behavior (Clark & Watson, 1991; Corr, 2004; Gray & McNaughton, 

2003).

It is important to note that inhibition of behavior and freezing behavior reflect different 

motivational processes (Gray & McNaughton, 2003). Freezing behavior is a defensive 

behavioral strategy that occurs when an animal encounters a proximal threatening stimulus 

(e.g., predator) and is often the resulting defensive behavioral response when there is little 

likelihood of escape (D. C. Blanchard et al., 2011; R. J. Blanchard & Blanchard, 1969). In 

contrast, behavioral inhibition, as defined by Gray, involves the abrogation of goal-directed 

behavior when encountering unpredictable or unfamiliar stimuli or contexts (Gray & 

McNaughton, 2003), resulting in environmental scanning and risk-assessment behaviors (D. 

C. Blanchard et al., 2011; R. J. Blanchard & Blanchard, 1969; Gray & McNaughton, 2003). 

One important risk-assessment behavior, known as stretched attend posture, is characterized 

by stretching of the body while facing or slowly moving toward a stimulus with the purpose 

of gaining more information about the stimulus (Grant & Mackintosh, 1963). Stretched 

attend posture bears strong resemblance to onlooking behavior observed in children with BI 

(Asendorpf, 1990b, 1991), which is characterized by careful observation of peers without 

engaging in play.

Developmental psychologists have long been interested in understanding early 

developmental predispositions to responding to the environment, which is commonly 

referred to as temperament (Kagan et al., 1984; Rothbart, 1981, 1986; Thomas & Chess, 

1977). Kagan and colleagues observed a behavioral characteristic among a group of toddlers 

who presented with negative affect in response to novelty and unfamiliar contexts or people, 
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which they termed behavioral inhibition to the unfamiliar (Coll et al., 1984; Kagan et al., 

1984; Kagan, Reznick, & Snidman, 1986). Subsequent research has found that 

approximately 10% - 15% of children exhibit stable BI in unfamiliar contexts throughout 

childhood (Coll et al., 1984; Fox, Henderson, Rubin, Calkins, & Schmidt, 2001; Kagan et 

al., 1986). Drawing from rodent models of fear learning and anxiety, Kagan and colleagues 

(1984, 1986) postulated that BI in toddlers closely resembled the cross-species behavior of 

freezing during threat detection (R. J. Blanchard & Blanchard, 1969; LeDoux, 1995). 

However, we argue that childhood behaviors associated with inhibition, such as onlooking 

behavior (Asendorpf, 1990b, 1991), more closely resemble the stretched attend posture in 

animals when threat is not clearly defined (D. C. Blanchard et al., 2011; R. J. Blanchard & 

Blanchard, 1969; Gray & McNaughton, 2003). Similar to Gray’s suggestion that inhibition 

is associated with increased physiological arousal, it has been found that BI is characterized 

by increased sympathetic nervous system activity (Kagan et al., 1988).

Given the role of the limbic system, including the amygdala, in the processing of threat (D. 

C. Blanchard & Blanchard, 1972; R. J. Blanchard et al., 1993; LeDoux, 1995), Kagan 

postulated that BI may be related to increased reactivity of structures within the limbic 

system, such as the amygdala (Kagan et al., 1988). Indeed, a number of research findings 

confirm that the limbic system plays a role in predicting variations in BI (Barker, Reeb-

Sutherland, et al., 2015; Barker, Reeb-Sutherland, & Fox, 2014; Blackford, Allen, Cowan, & 

Avery, 2013; Clauss et al., 2014; Perez-Edgar et al., 2007; Schmidt & Fox, 1998; Schmidt, 

Fox, Schulkin, & Gold, 1999; Schwartz et al., 2012; Schwartz, Wright, Shin, Kagan, & 

Rauch, 2003).

Observational studies of social behavior in children similarly suggest that approach-

avoidance conflict elicits inhibition (Asendorpf, 1990a, 1991; Coplan et al., 1994; Rubin, 

Burgess, & Hastings, 2002; Rubin, Cheah, & Fox, 2001). Asendorpf (1990a) argued that the 

development of social behavior can similarly be classified according to independent 

motivational systems that guide motivation to approach peers (i.e., social approach) and the 

motivation to avoid peers (i.e., social avoidance). Using these two orthogonal systems, 

Asendorpf (1990a) categorized socialization behaviors of young children who exhibit 

difficulty interacting with peers into three distinct groups. First are unsociable children, who 

primarily exhibit low approach motivation and whose lack of peer interactions is primarily 

driven by a lack of social interest. Second, in contrast, are socially withdrawn children, who 

are characterized by high avoidance motivation and whose lack of peer interactions is driven 

by active avoidance of social contexts. Finally, shy children are characterized by both high 

approach motivation and high avoidance motivation, resulting in a number of inhibited 

behaviors (e.g., onlooking behavior) during peer interactions and intermediary play 

behaviors with peers (e.g., parallel play). A larger body of literature has confirmed that 

shyness, or the related concept of social reticence (Coplan et al., 1994), is distinguishable 

from unsociable and socially withdrawn behavior profiles (Coplan et al., 1994; Rubin, 

Bukowski, & Parker, 1998; Rubin & Mills, 1988). Critically, Asendorpf’s (1990a) definition 

of shyness, or the related notion of social reticence (Coplan et al., 1994), suggests the 

behavioral characteristics are associated with the temperament of BI (Asendorpf, 1991).
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Although there is no clear link in the early literature, it is important to note the similarities 

between Kagan’s seminal work on childhood BI and Gray’s work on the BIS and the 

neurobiological correlates of anxiety (Gray, 1981, 1982; Gray & McNaughton, 2003). It 

appears that use of the same term, behavioral inhibition, at least originally was only a 

coincidence and that the use of the same term was not meant to refer to the same construct. 

Whereas Kagan’s use of inhibition arose from the desire to explain approach-avoidance 

behavior in young children (Kagan, Reznick, & Snidman, 1987), Gray’s use of the term was 

primarily intended to address the neurobiology of anxiety in relation to motivation (Corr, 

2004; Gray & McNaughton, 2003). Nonetheless, as we will argue, it appears that this 

coincidence was quite fortuitous, given that a wide body of research has found that BI is 

associated with increased risk for anxiety in adolescence and adulthood (Biederman et al., 

2001; Chronis-Tuscano et al., 2009; Clauss & Blackford, 2012; Hirshfeld et al., 1992; Kagan 

& Snidman, 1999), suggesting commonalities between Kagan’s and Gray’s theories with 

regard to behavioral characteristics of inhibition.

Figure 1 presents our model of how activation of motivational systems can result in 

childhood BI. The figure draws heavily from theories of the relation between BIS and 

approach- avoidance conflict as described by Gray & McNaughton (2003). Here, approach 

motivation is strongly driven by neural regions that mediate reward processing, such as the 

striatum, a small structure in the basal ganglia that contains numerous dopaminergic 

connections with the neocortex (see Figure 2; Balleine, Delgado, & Hikosaka, 2007; 

Berridge, 2004; Berridge, Robinson, & Aldridge, 2009; Delgado, Nystrom, Fissell, Noll, & 

Fiez, 2000; Schultz, 2007). In contrast, avoidance motivation is primarily a mechanism for 

harm reduction (e.g., detecting and fleeing from threat) that is mediated by processing in the 

amygdala (LeDoux, 2014; Shackman & Fox, 2016), as well as by an adjacent neural 

structure called the bed nucleus of the stria terminalis (BNST; see Figure 2), which mediates 

sustained arousal to threat, particularly when threat is not well defined (Avery, Clauss, & 

Blackford, 2016; Davis, 1998; Davis et al., 2009). Approach-avoidance conflict is the result 

of simultaneous activation of approach and avoidance motivational systems, which typically 

occurs in contexts with a high degree of novelty, ambiguity, and unpredictability, in that 

these contexts are perceived as both potentially rewarding and potentially punishing 

(Aupperle & Paulus, 2010; Gray & McNaughton, 2003; Kagan et al., 1984; Kagan et al., 

1987). Social situations, particularly with unfamiliar peers or adults, are likely to elicit 

approach-avoidance conflict in behaviorally inhibited children.

When approach-avoidance conflict occurs in response to contextual factors, it is detected by 

the conflict monitoring system, whose primary function is to support goal-directed behavior 

by detecting deviations from expected behavioral outcomes (Holroyd & Yeung, 2012; 

Yeung, Botvinick, & Cohen, 2004). The conflict monitoring system is believed to be 

primarily mediated by neocortical regions, such as the anterior cingulate cortex (ACC), 

posterior cingulate cortex (PCC), and prefrontal cortex (PFC), all of which interface with 

both the approach and avoidance motivational systems (see Figure 2; Botvinick et al., 2001; 

Holroyd & Coles, 2002; Holroyd & Yeung, 2012).

Following the detection of conflict, inhibition occurs (i.e., abrogation of goal-directed 

behavior). Recent cognitive neuroscience research demonstrates that conflict detection leads 
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to an orienting response and the momentary inhibition of behavior (Wessel, 2018). 

Immediately following inhibition, conflict resolution strategies take place, such as increases 

in psychological arousal (e.g., increased sympathetic nervous activity), as well as the 

occurrence of environmental scanning (i.e., onlooking behavior in children, analogous to 

stretched attend posture in animals), which serve the purpose of learning more about the 

stimulus/environment to resolve the motivational conflict (Gray & McNaughton, 2003). If 

conflict is resolved, behavior is then guided primarily by either of the two motivational 

systems (e.g., if approach systems is predominately activated then approach behavior 

occurs). However, if conflict is not resolved, such continued approach-avoidance conflict is 

detected, leading to continued inhibition.

Our theoretical model of childhood BI presented in Figure 1 leads to at least two novel 

hypotheses. Given that we suggest childhood BI arises directly from enhanced conflict 

detection prior or during approach-avoidance conflict, BI could be the ultimate result of 

early differences in both approach and avoidance activity, or an imbalance between these 

systems (Aupperle & Paulus, 2010). As such, our first hypothesis is that children 

characterized by BI would exhibit elevated baseline activity of both approach and avoidance 

motivational systems. Due to the heightened baseline activity of both motivational systems, 

children characterized by BI are more likely to experience approach-avoidance conflict 

when encountering contexts that coactivate both systems (e.g., novelty, ambiguity, 

unpredictability), as such contexts further increase both approach and avoidance motivation.

A second hypothesis, though not mutually exclusive to our first hypothesis, is that BI is 

characterized by increased sensitivity of approach-avoidance conflict rather than the 

sensitivity of the motivational systems. Kagan (Kagan, Reznick, & Snidman, 1986), as well 

as other authors (Fox et al., 2005) have emphasized that sensitivity to conflict is central to 

BI, and perhaps even the starting point, where increased sensitivity to conflict leads to 

downstream influences on behavior. Indeed, there is evidence to suggest that BI is 

characterized by enhanced processing of novelty (Marshall, Reeb, & Fox, 2009). Here, BI is 

characterized by typical activation of approach and avoidance motivation when contextual 

factors predominately activate one system or the other (e.g., threat is clearly defined and 

predictable activating only the avoidance system, or reward is predictable and clearly 

defined only activation the approach system). However, when contexts contain high degree 

of novelty, ambiguity, or unpredictability, increased sensitivity of the conflict detection 

system leads to greater likelihood of inhibition. In the following sections, we explore 

underling neurobiology of approach and avoidance motivation and motivational conflict in 

BI and review how contextual factors modulate the activity of these systems.

Although Gray viewed the approach and avoidance systems as largely independent (Gray & 

McNaughton, 2003), we take a more nuanced view of the underlying neurobiology that 

support approach and avoidance motivation. Specifically, we acknowledge that neural 

regions mediating approach motivation may be activated during avoidance motivation, and 

vice versa, suggesting that multiple systems may contribute to motivation and learning 

(Salamone & Correa, 2012). As one example, emerging work has found that different 

dopamine receptors within the striatum are activated by learning to avoid or approach. 

Specifically, phasic bursts of dopamine in the striatum are related to learning to initiate 
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motor movements (i.e., “Go” signal; Frank, 2005; Frank, Seeberger, & O’Reilly, 2004). In 

contrast, dips in phasic dopamine cause an increase in learning to inhibit motor movement 

(i.e., “Nogo signal”). Thus, increased phasic dopamine is responsible for learning from 

positive outcomes whereas decreased phasic dopamine is responsible for learning to avoid 

negative outcomes (Frank et al., 2004, 2005). In this example, it is clear that the striatum can 

contribute to both approach and avoidance learning. However, as a matter of illustrating the 

link between approach and avoidance motivation and BI, we largely focus on neural regions 

typically thought to independently mediate approach and avoidance motivation.

3. Avoidance Motivation

In our proposed model, childhood BI is in part the result of increased activation of the 

avoidance motivation system, particularly in contexts in which threat is not clearly defined. 

Avoidance motivation, likely the most extensively examined motivational system (LeDoux, 

1995), is typically activated when threats are clearly defined (R. J. Blanchard & Blanchard, 

1969; Davis, 1992, 1998; LeDoux, 1998). However, avoidance motivation can also be 

activated by contextual factors associated with threat (Davis et al., 2009).

Heightened avoidance motivation has been long theorized to play a central role in fear and 

anxiety (D. C. Blanchard & Blanchard, 1972; R. J. Blanchard et al., 1993; Fanselow, 1994), 

as well as in childhood BI (Coll et al., 1984; Kagan et al., 1987). Two neural regions appear 

to mediate avoidance motivation. First, a large body of work links the amygdala, a strongly 

conserved limbic structure, to immediate threat detection and motivational behaviors that 

remove the organism from harm (Davis, 1992; LeDoux, 1995). The second structure, the 

BNST, a limbic region adjacent to the amygdala, has been increasingly implicated in the 

pathogenesis of anxiety (Rauch, Shin, & Wright, 2003). The BNST has extensive 

connections with the amygdala and the striatum (Avery et al., 2014), suggesting the BNST 

plays a critical role in mediating motivational responding to the environment. The BNST has 

been closely linked to immediate threat detection (Shackman & Fox, 2016) and to sustained 

defensive motion when threat is unpredictable and nonspecific (Avery et al., 2016; Avery et 

al., 2014; Davis, 1998; Davis et al., 2009; Hammack, Richey, Watkins, & Maier, 2004; 

Lebow & Chen, 2016; Sullivan et al., 2004; Walker, Toufexis, & Davis, 2003). Here, we 

review work that has examined avoidance motivation in childhood BI, with a particular 

focus on activation of both amygdala and BNST, and how contextual factors may influence 

activation of the avoidance system.

The majority of research that has examined avoidance motivation in childhood BI has 

focused on the startle response, which is a whole-body movement elicited by the 

presentation of a surprising (and often abrasive) stimulus and is characterized by forward 

thrusting of the head followed by a descending flexor wave extending through the trunk and 

knees (Landis & Hunt, 1939). The startle response appears to be mediated by both the 

amygdala (LeDoux, 1995, 1998) and the BNST (Davis, 1998; Davis et al., 2009). Startle 

studies in childhood BI have generally found a heightened startle response during the 

presentation of threat cues (Barker et al., 2014; Barker, Reeb-Sutherland, et al., 2015; 

Schmidt & Fox, 1998), and heightened startle responding among behaviorally inhibited 

children increases the risk for anxiety (Barker, Reeb-Sutherland, et al., 2015; Reeb-
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Sutherland et al., 2009). Enhanced startle potentiation to threat has also been found to relate 

to anxiety (Davis et al., 2009; Grillon, 2002). Taken together, the results from startle studies 

suggest heightened avoidance motivation in childhood BI, particularly in the presence of 

potential threat.

Neuroimaging research has increasingly explored the relation between avoidance motivation 

and BI. Some studies have shown that compared with less-inhibited adolescents, those with 

a history of BI exhibit increased amygdala activity during subject ratings of fear (Perez-

Edgar et al., 2007). Increased activation of the dorsolateral PFC, a region that is highly 

connected with the amygdala (Corbetta & Shulman, 2002), has also been observed during 

threat processing (Fu, Taber-Thomas, & Pèrez-Edgar, 2017). A number of studies have 

examined avoidance motivation in BI when processing novelty, since novelty is a known 

contextual factor that increases activation of motivational systems (Gray & McNaughton, 

2003; Kagan et al., 1984; Kagan, Reznick, Snidman, Gibbons, & Johnson, 1988). It has been 

observed that, compared with adults with no history of BI, adults previously characterized 

by BI exhibited increased amygdala activity while processing novelty (Schwartz et al., 2003) 

and while processing unpredictable threat (Perez-Edgar et al., 2007). In addition, compared 

with adults with no history of BI, adults reporting early childhood BI display amygdala 

activity that does not habituate to novelty (Blackford et al., 2013), and the time course of 

amygdala activation (as measured during functional neuroimaging) peaks earlier to novelty 

at the trial level (Blackford, Avery, Shelton, & Zald, 2009).

In summary, the findings reviewed thus far suggest that childhood BI is characterized by an 

increased sensitivity of the avoidance motivational system. Thus, the evidence supports our 

proposed model shown in Figure 1 and our first hypothesis; that is, higher activation of 

avoidance motivation may result in greater likelihood of experiencing approach-avoidance 

conflict, resulting in inhibition. Also, it appears that BI is characterized by enhanced 

activation of the avoidance motivational system particularly in the presence of novelty, a 

known contextual factor that increases activation of motivational systems and ultimately 

leads to approach-avoidance conflict (Gray & McNaughton, 2003), supporting our second 

hypothesis that BI is characterized by an increased sensitivity to contextual factors, which 

lead to enhance conflict detection.

4. Approach Motivation

Approach-related motivation is characterized by goal-directed appetitive behaviors 

(Bijttebier, Beck, Claes, & Vandereycken, 2009; Corr, 2004; Gray, 1970, 1981). Heightened 

approach motivation plays a critical role in approach-avoidance conflict, the proposed cause 

of inhibition (Gray & McNaughton, 2003). As presented in Figure 1, our model suggests 

that along with increased sensitivity of the avoidance system, childhood BI is also related to 

increased sensitivity of the approach system. This theory at first glance may seem 

contradictory. However, using Gray’s theory that inhibition is the result of activation of both 

approach and avoidance motivation systems (Gray & McNaughton, 2003), we argue that 

childhood BI is similarly the result of increased activation of the approach system as well as 

the avoidance system.
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Several regions of the brain have been identified as those that play a role in mediating 

approach motivation, including the striatum and cingulate (Corr, 2004; Gray & 

McNaughton, 2003). Recent work in animal neuroscience has further delineated the role of 

reward in approach motivation (Berridge, 2004; Berridge & Robinson, 2003; Berridge et al., 

2009), which is primarily delivered by dopaminergic pathways arising from the striatum 

(Koepp et al., 1998; O’Doherty et al., 2004; Schultz, 2007; Schultz, Apicella, Scarnati, & 

Ljungberg, 1992; Schultz, Dayan, & Montague, 1997). In addition, neuroimaging and 

physiological studies have found that individual differences in approach motivation are 

related to varying degrees of activation of regions critical for reward processing (Bartussek, 

Diedrich, Naumann, & Collet, 1993; De Pascalis, Fiore, & Sparita, 1996; Simon et al., 

2010).

Approach motivation in relation to childhood BI has also been increasingly studied. In 

general, individuals characterized with BI exhibit heightened activation of the approach 

motivational system (see Helfinstein, Fox, & Pine, 2012, for a more extensive review of this 

theory). While investigating approach motivation in relation to BI, Hardin and colleagues 

(2006) examined behavioral approach and avoidance motivation among shy adults, who 

display many phenotypic similarities to BI (Clauss & Blackford, 2012). The authors used the 

Monetary Incentive Delay Task (MID; Knutson, Adams, Fong, & Hommer, 2001; Schultz et 

al., 1992), during which participants are asked to respond to a target stimulus as fast as 

possible after cues that indicate the possibility of receiving a monetary reward (i.e., reward 

condition) or incurring a monetary loss (i.e., punishment condition). Across all participants, 

reaction times to reward and punishment trials were faster than to no-incentive trials, 

indicating that participants were sensitive to both reward and punishment. Critically, shy 

adults exhibited faster response times to both the reward and punishment condition 

compared with the non-shy group, indicating that shy adults are characterized by an 

increased activation of both approach and avoidance motivational systems. This initially 

counterintuitive finding further spurred the exploration of a relationship between BI and 

heightened approach motivation.

On the basis of these initial findings, Guyer and colleagues (2006) investigated reward 

sensitivity by using the MID task during functional magnetic response imaging in young 

adolescents (ages 10 −15 years) previously characterized as behaviorally inhibited. The 

authors observed that behaviorally inhibited adolescents exhibited increased activity within 

the striatum to both large potential gains and large potential losses. Similarly, Bar-Haim and 

colleagues (2009) examined striatal activations during a reward contingency task and found 

that behaviorally inhibited adolescents (ages 14 −18 years) exhibited greater striatal 

activation to stimuli in which participants had to make a choice to receive a reward. The link 

between BI and striatal activation appears to be strongest among adolescents with BI who 

also have genetic polymorphisms that promote dopamine production (Perez-Edgar et al., 

2013), a key neurotransmitter for reward (Schultz, 2007). BI also appears to be characterized 

by enhanced striatal responses during anticipation and reception of social rewards (i.e., 

social approval; Guyer et al., 2014), and BI is also related to enhanced striatal activation to 

faces (Jarcho et al., 2013; Jarcho et al., 2014). Such findings suggest that individuals 

characterized with early BI demonstrate increased approach sensitivity to contextual factors 

related to social motivation (Geen, 1991, 1995).
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Taken together, these findings present emerging evidence that BI is characterized by 

increased approach motivation (Helfinstein et al., 2012), supporting our first hypothesis that 

BI is the result of increased baseline activity of the approach motivational system. Although 

somewhat unintuitive, these findings are in line with Gray’s theory of inhibition, in which 

inhibition is the result of coactivation of approach and avoidance motivational systems 

(Bijttebier et al., 2009; Corr, 2004; Gray & McNaughton, 2003). In addition, findings from 

Guyer and colleagues (2014) point to the importance of social contexts as an activator of the 

approach system, offering support for our second hypothesis that BI is characterized by 

increased sensitivity of contextual factors.

5. Approach-Avoidance Conflict

Approach-avoidance conflict is central to inhibition (Aupperle & Paulus, 2010; Corr, 2004; 

Fowles, 1988; Gray & McNaughton, 2003; Kagan et al., 1984; Kagan et al., 1987). It has 

been suggested that approach-avoidance conflict is the result of either enhancement of both 

approach and avoidance motivation or an imbalance of these systems (Aupperle & Paulus, 

2010). In addition, such enhancement or imbalance of approach and avoidance motivation is 

theorized to result in inhibition (Aupperle & Paulus, 2010). Gray argued that approach-

avoidance conflict activated the BIS, which includes a number of neural regions, including 

the cingulate cortex, amygdala, and the hippocampus (Gray & McNaughton, 2003). 

Similarly, in our model of BI (see Figure 1), we argue that increased activation of both 

approach and avoidance motivational systems results in greater approach-avoidance conflict, 

causing increased activation of conflict monitoring system. In the following section, we first 

review neurobiological systems activated during the processing of conflict. Second, we 

examine neural functioning of conflict-processing regions in BI, which we argue underlies 

inhibition (see Amodio, Master, Yee, & Taylor, 2008, for a similar argument).

Monitoring of ongoing behavior in relation to environmental demands is critical for adapting 

behavior to achieve task goals. Monitoring and detecting the presence of conflict is one 

mechanism by which organisms adapt to the environment. Some theories suggest that 

conflict monitoring is central to motivated, goal-directed behavior (Botvinick et al., 2001; 

Carter & van Veen, 2007). Conflict, as defined by theories of conflict monitoring and 

cognitive control, refers to the coactivation of competing motor programs that results in 

response competition (Botvinick, Nystrom, Fissell, Carter, & Cohen, 1999; Carter & van 

Veen, 2007; Yeung et al., 2004). Detection of such conflict is thought to then trigger the 

recruitment of additional control (Botvinick et al., 2001).

As described in Figure 1, the conflict monitoring system is largely mediated by the cingulate 

cortex, including the ACC and PCC, as well as the prefrontal cortex (see Figure 2; Agam et 

al., 2011; Botvinick et al., 2001; Braver et al., 2001; Carter et al., 1998). Influential theories 

on ACC function suggest that the ACC plays a critical role in detecting deviations of goal-

directed behavior and interfacing with the PFC to carry out the execution of goal-directed 

behavior (Holroyd & Yeung, 2012). Evidence of the role of the ACC in conflict monitoring 

comes from neuroimaging studies finding increased ACC activation when processing high-

conflict trials (Botvinick et al., 1999; Braver, Barch, Gray, Molfese, & Snyder, 2001), and 

ACC activation during conflict processing predicts a number of behavioral adjustments to 
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adjust goal-directed behavior (Danielmeier & Ullsperger, 2011). In addition, a number of 

event-related potentials have been identified that are generated by the ACC during conflict 

processing (Yeung et al., 2004), which we will detail more later.

Although the term conflict as it relates to cognitive control was developed from a different 

psychological disciple from the term conflict as used by Gray and Kagan, we argue that the 

processing of conflict in these situations recruits similar neural regions and drives similar 

behavioral changes, and may in fact refer to the same construct (see Amodio et al., 2008, for 

a similar argument). For example, both competing motor responses (e.g. conflict between 

two potential responses) and inhibition of a single motor response (reflecting conflict over 

whether to respond at all) elicit increased ACC activity (Carter et al., 1998; Donkers & van 

Boxtel, 2004; Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003). In 

addition, tasks that elicit high approach-avoidance conflict (i.e., participants are asked to 

produce a motor behavior in response to fearful or undesirable stimuli; Aupperle, Sullivan, 

Melrose, Paulus, & Stein, 2011; Rinck & Becker, 2007) yield increased activation of the 

ACC (Aupperle et al., 2015).

Along these lines, a more general view of the conflict monitoring system suggests that the 

system is sensitive to surprising events or to an event that is better/worse than expected 

(Alexander & Brown, 2011; Wessel & Aron, 2017). For example, Wessel and Aron (2017) 

suggest that the conflict monitoring system detects surprising and unexpected events, which 

leads to an inhibition of motor behavior. Consistent with this notion, we have recently 

demonstrated that healthy adults can demonstrate attentional and behavioral dysruptions 

following error commision (Buzzell, Beatty, Paquette, Roberts, & McDonald, 2017). 

However, Wessel (2018) suggests that despite such apparent disruptions following errors, 

such a neurobehavioral phenomenon is typically adaptive overall, as it allows the individual 

to stop and attend to the unexpected stimulus or behavior before moving on. Building on 

such ideas, we argue that overactivation of this typically adaptive response may at least in 

part underlay the BI temperament (for a similar argument see: Buzzell, Troller-Renfree, et 

al., 2017).

According to Gray and Kagan (Gray & McNaughton, 2003; Kagan et al., 1984), 

motivational conflict is central to inhibition. Thus, one would expect that BI and anxiety 

would be characterized by increased activation of the conflict monitoring system, as indexed 

by increased neural activation of systems associated with conflict monitoring, such as the 

cingulate cortex (Botvinick et al., 2001; Carter & van Veen, 2007). Indeed, this appears to be 

the case (Amodio et al., 2008; Buzzell, Troller-Renfree, et al., 2017; Lahat, Lamm, et al., 

2014; McDermott et al., 2009; Moser, Moran, Schroder, Donnellan, & Yeung, 2013). Here, 

we focus on two interrelated features of conflict monitoring: neural activation during 

stimulus and motor conflict (Botvinick et al., 2001; Carter & van Veen, 2007) and neural 

processing during error commission (Falkenstein, Hoormann, Christ, & Hohnsbein, 2000; 

Gehring, Goss, Coles, Meyer, & Donchin, 1993).

One electrophysiological component of conflict monitoring, known as the N2, is a neural 

component believed to be primarily generated in the ACC and surrounding regions during 

high-conflict situations (Folstein & Van Petten, 2008; Kopp, Rist, & Mattler, 2007). It has 
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been suggested that the N2 detects the need for inhibiting incorrect motor responding during 

such high-conflict situations (Botvinick et al., 2001; Yeung et al., 2004). Studies of the 

relation between N2 magnitude and BI have found that children (7 −8 years of age) 

characterized by early BI exhibit larger N2 magnitudes during a motor inhibition task (i.e., 

Go/No-Go Task) compared with less-inhibited children (Lamm et al., 2014). Enhanced N2 

activation among behaviorally inhibited children (7 −8 years of age) has also been observed 

during a stimulus conflict task (Lahat, Walker, et al., 2014). During a dot-probe task, 

behaviorally inhibited children (7 −8 years of age) exhibit larger N2 amplitude when 

avoiding threat (Thai, Taber-Thomas, & Perez-Edgar, 2016). Amodio and colleagues (2008) 

investigated N2 amplitude in adults characterized by inhibition, as measured by the 

BIS/BAS Scales (Carver & White, 1994), and found that higher BIS scores predicted larger 

N2 amplitude. Overall, findings suggest that individual differences in BI are related to 

enhanced activation of the conflict monitoring system, as measured by the N2 component. In 

addition, research by Thai and colleagues (2016) suggested a link between avoidance 

motivation and increased conflict monitoring, a finding that merits further exploration.

Recent studies have used neuroimaging methods to investigate the relation between 

motivational conflict and BI. Jarcho and colleagues (2013) used an emotional Stroop task to 

examine conflict monitoring and found that adults with a history of childhood BI exhibited 

enhanced dorsomedial PFC activity during conflict detection. Interestingly, adults with 

childhood BI were also characterized by greater striatum activity during conflict adaptation. 

Using an attention-emotion conflict task, Jarcho and colleagues (2014) found that adults 

characterized by early childhood BI exhibited greater neural activity in conflict monitoring 

regions, such as the cingulate cortex, and increased activity in reward regions, such as the 

striatum.

Error processing has been theorized to be a core component of the conflict monitoring 

system (Holroyd & Coles, 2002; Yeung et al., 2004) and is theorized to reflect motivational 

responding to the environment (Hajcak, 2012; Proudfit, Inzlicht, & Mennin, 2013). 

Increasing approach motivation (through the delivery of reward) and increasing avoidance 

motivation (through the delivery of punishment) influence activation of the error monitoring 

system (Hajcak & Foti, 2008; Hajcak, Moser, Yeung, & Simons, 2005). In addition, factors 

that influence social motivation also modulate error monitoring (Barker, Troller-Renfree, 

Pine, & Fox, 2015; Barker, Troller-Renfree, Bowman, Pine, & Fox, 2018; Buzzell, Troller-

Renfree, et al., 2017), suggesting that error processing is particularly sensitive to contextual 

factors that influence motivation. Studies of the error monitoring system have generally 

found that BI and anxiety are related to overactive error processing (Buzzell, Troller-

Renfree, et al., 2017; McDermott et al., 2009; Moser et al., 2013), suggesting possible 

commonalities between inhibition and error monitoring.

One well-studied psychophysiological measure of error processing is error-related negativity 

(ERN), which is an event-related potential observed following error commission 

(Falkenstein, Hohnsbein, Hoormann, & Blanke, 1991; Gehring et al., 1993) and is likely 

generated by the ACC (Agam et al., 2011; Buzzell, Richards, et al., 2017). A number of 

studies have investigated ERN in relation to BI. McDermott and colleagues (2009) found 

that adolescents (14–16 years of age) identified with BI in early childhood exhibited an 
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enhanced ERN as compared with adolescents without a history of BI. In an independent 

sample, Lahat, Lamm and colleagues (2014) measured the ERN in middle childhood among 

children previously identified as behaviorally inhibited at age 2 and 3 years. In a follow-up 

study of the same sample during early adolescence, Buzzell, Troller-Renfree, and colleagues 

(2017) found that adolescents (12–14 years of age) characterized by early BI exhibited a 

larger ERN than did adolescents without a history of childhood BI, particularly while under 

social observation.

Taken together, the evidence from both neuroimaging and psychophysiological studies 

suggest that childhood BI is characterized by an overactivation of the conflict monitoring 

system, which, according to our model and to Gray’s model (Gray & McNaughton, 2003), is 

the result of approach-avoidance conflict. In addition, findings regarding the error 

monitoring system in BI strongly and similarly suggest that BI is characterized by an 

enhanced conflict monitoring system. Accordingly, in our proposed model (Figure 1), 

increased approach-avoidance conflict leads to inhibition of behavior (Gray & McNaughton, 

2003; Wessel, 2018; Wessel & Aron, 2017). However, no research reviewed previously in 

this article determined how overactivation of motivational systems leads to approach-

avoidance conflict among children characterized as behaviorally inhibited. That is, do 

contextual factors known to increase activation of the approach and avoidance motivation 

cause overactivation of the conflict monitoring system among children characterized by BI? 

We attempt to answer this question in the following section.

6. Why Is Childhood BI Specifically a Risk Factor for Social Anxiety?

The findings we have reviewed suggest several similarities between anxiety and childhood 

BI in the enhanced activation of avoidance and approach motivational systems, as well as 

overactivation of the conflict monitoring system. However, it is important to note that BI is 

specifically a risk factor for social anxiety as opposed to other anxiety disorders (Biederman 

et al., 2001; Chronis-Tuscano et al., 2009; Clauss & Blackford, 2012; Hirshfeld et al., 1992). 

It is not entirely clear why BI most closely resembles phenotypic expressions of social 

anxiety, however it has been theorized that BI results in social anxiety because unfamiliar 

contexts are primarily social in nature during school-age years (Asendorpf, 1990b, 1991). 

Indeed, a number of studies have found that childhood BI predicts inhibition during play 

with unfamiliar peers (Fox et al., 2001; Rubin et al., 2002).

We expand upon this theory and suggest that social contexts, particularly those with 

unfamiliar peers, are strong activators of both approach and avoidance motivational systems, 

as contexts with unfamiliar peers often contain a high degree of novelty, ambiguity, and 

unpredictability. Thus, BI and social anxiety share a commonality of approach-avoidance 

conflict during social interactions. Approach-avoidance conflict has also been suggested to 

contribute to the development of social anxiety disorder (SAD; Aupperle & Paulus, 2010; 

Gilbert, 2001; Kashdan, Elhai, & Breen, 2008; Neal & Edelmann, 2003; Turner, Beidel, & 

Townsley, 1990). Specifically, SAD is characterized as excessive anxiety elicited by 

unfamiliar social situations (American Psychiatric Association, 2013; Stein & Stein, 2008), 

particularly in situations in which social evaluation might take place (Leary, 1983; Schlenker 

& Leary, 1982). We are not the first to make this connection; theoretical models of social 
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motivation have also suggested that social anxiety may reflect enhanced social motivation 

(Geen, 1991, 1995). In the following section, we briefly review recent research that has 

attempted to explore how social contexts appear to be critical to modulating approach-

avoidance conflict as a starting point to understanding relations between childhood BI and 

social anxiety.

Recent work has examined how contexts that influence motivation modulate the error 

monitoring system among socially anxious individuals. Barker, Troller-Renfree, and 

colleagues (2015) examined the ERN in young adults characterized as low or high in social 

anxiety symptoms. Participants completed a flanker task across two different contexts. In the 

nonsocial condition, participants completed a flanker task while alone in a room (i.e., alone 

condition). In the social condition, participants completed the same task while being 

observed and evaluated by a peer (i.e., peer condition). The authors found no differences in 

the ERN in the alone condition between high and low socially anxious individuals. However, 

in the social condition, socially anxious individuals exhibited a larger ERN in the peer 

condition as compared with low socially anxious individuals. These findings suggest the 

conflict monitoring system among socially anxious adults is specifically sensitive to social 

context, which is known to increase motivation (Geen, 1991, 1995). However, it is unknown 

whether changes in ERN magnitude among socially anxious individuals is the result of 

increases in approach motivation, avoidance motivation, or both.

Because BI is specifically related to the development of social anxiety (Clauss & Blackford, 

2012), it is possible that children and adolescents characterized by BI would similarly 

exhibit enhanced error monitoring in social contexts. To examine the ERN in social contexts 

in a developmental sample, Barker and colleagues (2018) developed a flanker task in which 

participants are led to believe that two peers are observing and evaluating their performance 

via webcam and a chatroom. Using this task, Buzzell, Troller-Renfree, and colleagues 

(2017) examined the ERN in social and nonsocial contexts among adolescents identified as 

high and low in BI in early childhood. They found that across the entire sample, the ERN 

was enhanced in social contexts. In addition, BI predicted an ERN that was larger in social 

contexts than in nonsocial contexts. Critically, slowing after errors, an index of orienting and 

motor inhibition following errors (Danielmeier & Ullsperger, 2011; Notebaert et al., 2009; 

Wessel, 2018), mediated the relation between childhood BI and adolescent self-report of 

social anxiety symptoms.

These findings offer initial evidence in support of our model, such that contextual factors 

that increase motivation cause increases in conflict monitoring and subsequent increases in 

orienting. Furthermore, greater ERN enhancements among adolescents with early BI further 

support our second hypothesis that BI may be characterized by early differences in 

overactivation of conflict detection during contexts with a high degree of novelty and 

ambiguity, which leads to inhibition.

Although we have focused on delineating the role of relatively independent neural structures 

associated with approach and avoidance, it is worth noting that other neural indicators of 

approach-avoidance have been extensively described in the literature. For example, frontal 

alpha, a dominant frequency measured by electroencephalogram (EEG) electrodes over the 
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frontal lobe, has been extensively linked to motivational processes (Fowles, 1988; Harmon-

Jones & Allen, 1997; Reznik & Allen, 2018). A wealth of research has found that greater 

relative left frontal asymmetry is related to approach motivation, whereas greater right 

frontal asymmetry is related to avoidance motivation (Coan & Allen, 2003; Davidson & Fox, 

1982; Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Sutton & Davidson, 1997), and 

that BI is characterized by right frontal asymmetry (Calkins, Fox, & Marshall, 1996; Fox et 

al., 2001). An interesting future line of research would be the exploration of how asymmetry 

relates to other neural measures of approach and avoidance motivation and approach-

avoidance conflict.

7. Summary and Future Directions

The goal of this review was to examine the role of approach and avoidance motivation in 

relation to BI, a phenotype characterized by increased negative reactivity within unfamiliar 

environments, and to present a novel model of the role of approach and avoidance 

motivation in the development of inhibition. Specifically, we presented one possible 

mechanism of childhood

BI (see Figure 1) in which we argue that childhood BI can be characterized using the 

definition of inhibition developed by Gray (Gray & McNaughton, 2003), who maintains that 

inhibition is specifically the result of approach-avoidance conflict.

Using evidence from decades of research on the underlying neurobiology of childhood BI, 

we suggest that BI may be characterized by an increased activation of both approach and 

avoidance motivational systems, which appears to cause an increased likelihood of 

experiencing approach-avoidance motivational conflict. In addition, growing evidence 

suggests that BI is characterized by an increased sensitivity to contextual factors, particularly 

those with a high degree of novelty, ambiguity, and unpredictability. Similarly, social 

contexts, a factor known to increase both motivational systems (Geen, 1991, 1995), also 

appear to be a strong factor in increased activation of motivational systems associated with 

childhood BI, and may partially explain why BI is specifically a risk factor for social anxiety 

(Clauss & Blackford, 2012). Such motivational conflict elicits downstream activation of 

conflict monitoring systems that serve to inhibit behavior, leading to increased physiological 

arousal and onlooking behavior.

BI shares many neural features of anxiety, namely, increased activation of neural structures 

associated with avoidance motivation, such as the amygdala and BNST (Barker et al., 2014; 

Grillon, 2002; Schmidt & Fox, 1998). In addition, BI and anxiety both exhibit enhancement 

of conflict monitoring via enhanced ACC activation during conflict monitoring (Buzzell, 

Troller-Renfree, et al., 2017; Gehring, Himle, & Nisenson, 2000; Lahat, Lamm, et al., 2014; 

McDermott et al., 2009; Moser et al., 2013; Ursu, Stenger, Shear, Jones, & Carter, 2003). In 

line with these findings, we suggest that motivational factors, both internal (i.e., innate 

differences in motivational responding to the environment) and external (i.e., presence of 

unfamiliarly peers), can enhance and/or imbalance motivational processes, setting the stage 

for approach-avoidance conflict (Aupperle & Paulus, 2010), and subsequent inhibition.
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Figure 1. 
Theoretical depiction of the systems underlying the presentation of childhood behavioral 

inhibition.
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Figure 2. 
Neural regions which mediate approach motivation (striatum), avoidance motivation 

(amygdala and BNST), and approach-avoidance conflict (prefrontal and cingulate cortex). 

BNST: bed nucleus of the stria terminalis.
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