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ABSTRACT—Self-control plays an important role in healthy

development and has been shown to be amenable to inter-

vention. This article presents a theoretical framework for

the emerging area of “brain-training” interventions that

includes both laboratory-based direct training methods

and ecologically valid school-, family-, and community-

based interventions. Although these approaches have pro-

liferated in recent years, evidence supporting them is just

beginning to emerge, and conceptual models underlying

many of the techniques they employ tend to be underspec-

ified and imprecise. Identifying the neural systems respon-

sible for improvements in self-control may be of

tremendous benefit not only for overall intervention effi-

cacy but also for basic science issues related to underlying

shared biological mechanisms of psychopathology. This

article reviews the neurodevelopment of self-control and

explores its implications for theory, intervention, and

prevention. It then presents a neurally informed frame-

work for understanding self-control development and

change and discusses how this framework may inform

future intervention strategies for individuals suffering with

psychopathology or drug abuse/dependence, or for young

children with delays in cognitive or emotional functioning.
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Self-control involves the ability to prevent or override unwanted

thoughts, behaviors, and emotions (Muraven, Baumeister &

Tice, 1999) and is integral to successful navigation of daily life.

Here, we describe a theoretical framework for understanding

how self-control develops over time and may be altered with

training and discuss the implications of this framework for inter-

ventions with children and adolescents. We begin by briefly out-

lining the protracted developmental course of self-control and

its associated vulnerability to environmental influences, as well

as its potential for improvement through targeted interventions.

We then discuss a model of domain-general self-control, which

incorporates a neurobiological perspective and contributes to

understanding the potential for training-induced improvements

in self-control during development. For the purpose of the pres-

ent review, we focus on inhibitory control—defined as the abil-

ity to override a dominant response in order to enact a

subdominant response (Kochanska, Murray, & Harlan, 2000;

Rothbart & Posner, 1985)—as an important subcategory of self-

control. We also reference executive functioning (EF) as a

broader domain encompassing working memory, attention, and

self-control (Liew, in press; Miller & Cohen, 2001).1

A key reason to consider inhibitory control as a target of

childhood interventions is that it develops gradually over time,

with behavioral studies documenting improvements in inhibitory

control beginning in early childhood (Dennis, Brotman, Huang,

& Gouley, 2007; McClelland et al., 2007; Moilanen, Shaw,

Dishion, Gardner, & Wilson, 2010) and continuing through late

adolescence (Leon-Carrion, Garcı́a-Orza, & Pérez-Santamarı́a,

2004) and even into early adulthood (Bedard et al., 2002;

Carver, Livesey, & Charles, 2001; Williams, Ponesse, Schachar,

Logan, & Tannock, 1999). Rudimentary forms of inhibitory con-

trol are observed as early as the second half of the 1st year of

life, when the capacity to inhibit a rewarding action in response

to a caregiver’s command begins to emerge (Kochanska, Coy, &

Murray, 2001; Kochanska, Coy, Tjebkes, & Husarek, 1998).

Correspondence concerning this article should be addressed to
Elliot T. Berkman, Department of Psychology, 1227 University of
Oregon, Eugene, OR 97403-1227; e-mail: berkman@uoregon.edu.

© 2012 The Authors

Child Development Perspectives© 2012 The Society for Research in Child Development

DOI: 10.1111/j.1750-8606.2012.00248.x

1Although self-control has been referred to as a broader category encompassing
EF in the developmental literature (e.g., Fox & Calkins, 2003), we use the term
self-control and the above definition for consistency with adult research literature
that we propose is highly relevant for understanding adaptive development of
regulatory functioning. This usage is consistent with that of Liew (in press) and
Ursache, Blair, and Raver (in press), who also view self-control as part of EF.

Volume 6, Number 4, 2012, Pages 374–384

CHILD DEVELOPMENT PERSPECTIVES



Qualitative shifts and quantitative gains in performance on tasks

involving inhibitory control have been observed over the

preschool years (from 3 to 4 years of age; Jones, Rothbart, &

Posner, 2003; Zelazo, Reznick, & Piñon, 1995) and around the

time of transition to kindergarten (from 4 to 5 years of age; Bell

& Livesey, 1985; Livesey & Morgan, 1991). Beyond these early

developmental shifts, inhibitory control continues to develop

between the ages of 6 and approximately 12 years of age (Car-

ver et al., 2001; Williams et al., 1999) and throughout adoles-

cence (Leon-Carrion et al., 2004; Levin et al., 1991) and into

early adulthood (Carver et al., 2001; Williams et al., 1999).

Improvements over this protracted time period include increases

in speed of reaction when inhibiting a response (Bedard et al.,

2002; Williams et al., 1999) and decreases in errors when cued

to inhibit a prepotent response (Bedard et al., 2002; Carver

et al., 2001).

This slow developmental time course for inhibitory control,

and for self-control more generally, is attributed to the pro-

tracted course of development of underlying neural regions.

Although multiple neural regions are involved in self-control,

including subcortical regions such as the subthalamic nucleus

(STN; Munakata et al., 2011) and regions of the prefrontal cor-

tex (PFC) appears to play a critical role (Godefroy, Lhullier, &

Rousseaux, 1996; Robinson, Heaton, Lehman, & Stilson, 1980),

particularly the ventrolateral prefrontal cortex (VLPFC; Bunge

& Zelazo, 2006) and the presupplementary motor area (preSMA;

Munakata et al., 2011). The involvement of these regions in

self-control is consistent with the behavioral findings of a pro-

tracted developmental course because the PFC is one of the last

brain regions to reach maturity: Key developmental processes

within it, such as pruning of synapses and myelination, begin

prenatally and continue into early adulthood (Bourgeois, Gold-

man-Rakic, & Rakic, 1994; Chugani, Phelps, & Mazziota,

1987; Diamond, 2002; Gogtay et al., 2004; Huttenlocher &

Dabholkar, 1997; Sowell et al., 2004).

In line with this extended period of structural development,

research also indicates that functional patterns of brain activity

associated with inhibitory control change over the course of

development. This literature shows that maturation involves both

increasing recruitment of certain prefrontal regions (Bunge,

Dudukovic, Thomason, Vaidya, & Gabrieli, 2002; Luna et al.,

2001; Rubia et al., 2000; Tamm, Menon, & Reiss, 2002) and

decreasing prefrontal activation, presumably reflecting increas-

ing specialization in the functioning of prefrontal regions with

age (Booth et al., 2003; Casey et al., 1997; Durston et al.,

2002). In line with the idea of increasing specialization, devel-

opmental increases or decreases in activation during inhibitory-

control tasks depend on the specific region of interest and the

nature of the task (Luna et al., 2001; Rubia et al., 2000; Tamm

et al., 2002; Velanova, Wheeler, & Luna, 2008). For example,

in one key region within the VLPFC—the right inferior frontal

cortex—adults, compared to children, demonstrate greater levels

of activation during successful response inhibition when the

overall performance is equated between the two groups (Rubia,

Smith, Taylor, & Brammer, 2007). Taken together, the structural

and functional MRI literature supports a long developmental

time course for inhibitory control, with potential age-related

increases in the activation of specific prefrontal regions associ-

ated with inhibitory control when the performance is equated.

The protracted course of development for inhibitory control,

along with other forms of self-control, indicates the potential for

high levels of plasticity and substantial influence on these systems

by the early environment. This susceptibility to environmental

impact has both positive and negative implications. For example,

early-life adversity has repeatedly been shown to predict poor

inhibitory control in children (Beers & De Bellis, 2002; Lengua,

Honorado, & Bush, 2007; Lewis, Dozier, Ackerman, & Sepulveda-

Kozakowski, 2007; Valiente, Lemery-Chalfant, & Reiser, 2007).

Poor inhibitory control is, in turn, associated with downstream

maladaptive outcomes. For example, a recent study demonstrated

that the association between the history of maltreatment and

academic functioning for children in the foster care system was

fully mediated by inhibitory control (Pears, Fisher, Bruce, Kim, &

Yoerger, 2010). Problems with inhibitory control also appear to be

central to a range of childhood mental health disorders, leading

researchers to hypothesize that disinhibition is an underlying com-

ponent of many forms of psychopathology (Nigg, 2000; Schachar

& Logan, 1990; Young et al., 2009).

In addition to imparting vulnerability, the protracted develop-

ment of inhibitory control suggests the positive potential for

intervention during periods of plasticity associated with ongoing

development. A recent review of “brain training” interventions

for children focused on the broader domain of EF, including

several studies on inhibitory control (Bryck & Fisher, 2012).

This review categorized EF interventions into two primary cate-

gories: (a) laboratory-based training focused on specific cogni-

tive processes involved in EF and (b) ecologically valid,

contextually based training informed by neurobiological models

of EF. Laboratory-based strategies included interventions target-

ing attention, working memory, or fluid reasoning in controlled

settings (e.g., Karbach & Kray, 2009; Mackey, Hill, Stone, &

Bunge, 2011; Rueda, Rothbart, McCandliss, Saccomanno, &

Posner, 2005; Stevens, Fanning, Coch, Sanders, & Neville,

2008; Thorell, Lindqvist, Nutley, Bohlin, & Klingberg, 2009).

The ecological approach to brain training described by Bryck

and Fisher (2012) targeted aspects of EF, such as working mem-

ory and effortful control, within school, family, or community

settings. Effective programs have targeted EF in school settings

and at home by teaching techniques for regulating emotions and

behaviors (Diamond, Barnett, Thomas, & Munro, 2007; Raver

et al., 2009) and using activities that promote attention and

memory (Diamond et al., 2007). Program results include gains

in EF domains, such as inhibitory control, and in downstream

outcomes, such as academic performance (Diamond et al.,

2007; Tominey & McClelland, 2011) and socioemotional func-

tioning (Raver et al., 2009). Another recent review found that
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the largest effect sizes occurred in EF interventions that featured

challenging, prolonged, and increasingly demanding training

tasks (Diamond & Lee, 2011). The fact that only one ecologi-

cally based intervention (Bruce, McDermott, Fisher, & Fox,

2009) has been shown to have an effect at a neural level under-

scores the need for specific models explicating the positive

impacts of these interventions on EF, and particularly on its

underlying neural systems.

Although interventions produce significant gains in the tar-

geted domains, evidence for transfer or generalization of gains

across domains and settings at present is limited (Diamond &

Lee, 2011). Some exceptions include training programs for

working memory that demonstrate associated reduction in

ADHD symptomatology (Beck, Hanson, Puffenberger, Bennin-

ger, & Benninger, 2010; Klingberg et al., 2005) or improved

mathematical ability (Holmes, Gathercole, & Dunning, 2009).

One theoretical model predicts a bidirectional relation between

EF and emotion regulation but is not yet supported by direct

evidence (Ursache et al., in press). A key problem is the lack of

precise conceptual models (rooted in neuroscience) for transfer

of gains across domains and beyond the laboratory setting

(Bryck & Fisher, 2012). This is problematic because difficult-to-

treat clinical populations, such as multiproblem youths, are

rarely characterized by isolated deficits in a single domain of

neuropsychological functioning (Iacono, Malone, & McGue,

2008). This fact suggests that there may be an underlying path-

way that links symptoms across domains and that this pathway

may be amenable to domain-general improvement through an

intervention that specifically targets it.

Future work in this area will benefit from conceptual models

that specify how interventions on inhibitory control, self-control,

or EF more broadly may generalize to functional improvements

across settings. Here, we argue that the strength model (Baumei-

ster & Heatherton, 1996) represents one component of such a

theoretical framework (reviewed below), with the other compo-

nent being recent advances in cognitive and affective neurosci-

ence that have begun to identify a final common pathway for

inhibitory-control “strength” at a neural level. Testing this com-

bined social-neurocognitive model of inhibitory control has the

potential to advance intervention science in several ways. First,

because effective ecological interventions typically involve mul-

tiple components (e.g., cognitive, emotional, and behavioral

tasks), understanding the mechanisms of change at the neural

level may allow for efficient intervention refinement. Having a

specific neural model for the effects of an intervention would

provide an unambiguous way to identify which components of

the intervention do or do not affect the underlying pathway. Sec-

ond, increasingly limited financial and personnel resources in

many contexts necessitate effective, efficient interventions with

high likelihood of improving functioning beyond a laboratory

setting. In order to test interventions in a manner likely to repli-

cate, intervention design and expected outcomes should be

driven by a theoretical model that specifies which behaviors will

be affected and the neural mechanisms underlying the behavior

change. Understanding these mechanisms has implications both

for evaluation of outcomes and for identification of which indi-

viduals may benefit from an intervention.

THE STRENGTH MODEL: SELF-CONTROL AS A

LIMITED RESOURCE THAT IS SHARED ACROSS

BEHAVIORAL, EMOTIONAL, AND COGNITIVE

DOMAINS

One source of support for the proposed conceptual framework

on the domain generality of self-control (see Figure 1) is derived

from theory and research in the social psychology literature on

the strength model. In this model, self-control is considered a

unitary resource that can be exerted in one of several response

domains, including cognitive, affective, and behavioral domains.

For example, the ability to focus one’s thoughts on the task at

hand instead of daydreaming (cognitive), the ability to control

one’s anger at a demeaning superior at work (affective), and the

ability to override a prepotent motor response such as stopping

at a green light for a jaywalking pedestrian (behavioral) are con-

ceptualized as being drawn from a shared “domain general”

self-control resource.

Baumeister and Muraven proposed that self-control is a

domain-general resource that, like a muscle, becomes depleted

with exertion (Muraven & Baumeister, 2000). Research support-

ing the strength model shows that a self-control attempt is more

likely to fail when it is preceded by another task that requires

exertion of self-control (Muraven et al., 1999). The reduction in

subsequent task performance as a result of prior self-control

exertion (which is typically interpreted as reflecting a reduction

in self-control capacity) was found in a recent meta-analysis of

198 independent studies to have a medium to large effect size

Figure 1. A neurally informed model of domain-general inhibitory control
and how it can be applied to intervention.
Note. A set of brain regions (including inferior frontal gyrus, presupplemen-
tary motor area, subthalamic nucleus, and basal ganglia) are involved in
inhibitory control in the behavioral, affective, and cognitive domains. Suc-
cessful intervention to modulate one domain will transfer to the others,
influencing proximal outcomes related to inhibitory control and, eventually,
long-term physical and mental health outcomes.
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of approximately .6 (Hagger, Wood, Stiff, & Chatzisarantis,

2010).

This meta-analysis also found evidence that self-control is

domain general. Many studies are explicitly designed to test

cross-domain transfer (of depletion) by measuring whether exer-

tions of self-control in one domain result in poorer subsequent

performance in other, seemingly unrelated, domains. For exam-

ple, subjects assigned to regulate their emotions during a dis-

tressing video clip (affective self-control) performed more poorly

on a subsequent task of physical stamina (behavioral self-con-

trol) than did subjects who watched the same video clip but

were not instructed to regulate their emotions (Muraven, Tice, &

Baumeister, 1998). This type of finding has been replicated at

least 130 times (Hagger et al., 2010). In addition to this experi-

mental evidence, correlational data have also supported the

notion that self-control is shared across domains in children as

young as 3 years old (Wiebe et al., 2011) and throughout early

childhood (Willoughby, Wirth, & Blair, in press), and that trait

self-control in adults is associated with enhanced functioning in

academic, interpersonal, socioemotional, and health domains

(de Ridder, Lensvelt-Mulders, Finkenauer, Stok, & Baumeister,

2012).

In addition to positing that self-control is domain general and

becomes depleted following exertion, the strength model sug-

gests that self-control may improve with repeated practice over

time (i.e., training). Several studies have found evidence that

training improves self-control in novel tasks within the same

training domain. For example, longitudinal studies show that

subjects who practice behavioral self-control for 2–3 weeks

(e.g., by monitoring and improving their posture or using their

nondominant hand for daily activities) exhibit improvement in

other tasks requiring behavioral self-control (e.g., increasing

endurance time on squeezing a handgrip; Gailliot, Plant, Butz,

& Baumeister, 2007; Muraven, 2010; Muraven et al., 1999).

Most relevant to the present argument, emerging evidence

indicates that self-control improvements gained within one

domain may transfer to another. For example, one recent study

found that subjects who trained for 2 weeks on either behavioral

self-control (e.g., using their nondominant hand for everyday

tasks such as brushing their teeth, opening doors, and using

scissors) or verbal self-control (e.g., not using linguistic colloqui-

alisms, speaking only in complete sentences, and avoiding

slang) demonstrated improvement in the affective domain of

impulse control relative to participants who received a control

training (Finkel, DeWall, Slotter, Oaten, & Foshee, 2009). A

second study found that subjects who practiced both cognitive

and behavioral self-regulation tasks (a 5-min Stroop task and an

antiseptic mouthwash rinse) twice per day for 2 weeks showed

improvement in their tolerance for pain on a cold pressor task

(Hui et al., 2009).

These studies demonstrate that self-control training can gener-

alize beyond the limited scope of the target task to other

response domains. However, they are limited in two key ways.

First, and perhaps most importantly, they lack a mechanistic

account, grounded in neurophysiology, of how training in one

domain might generalize to others. Although there is some evi-

dence that glucose is the biological energy source that becomes

depleted following self-control exertion (Gailliot & Baumeister,

2007; Gailliot, Baumeister, et al., 2007), it is unclear whether

ingested glucose enters the brain in the time frame suggested by

these studies or whether a single act of self-control actually

depletes blood glucose in any meaningful way (Beedie & Lane,

2012; Kurzban, 2010). A deeper problem with the glucose

hypothesis, even if it is correct, is that it does not provide speci-

ficity regarding which brain structures actually consume the

glucose (if any), whether those structures are amenable to inter-

vention, and if so, whether intervention gains would transfer

across domains. Second, the ability of the studies reviewed

above to identify a mechanism for cross-domain transfer is lim-

ited because they rely on a multipronged training approach

(e.g., both cognitive and behavioral tasks each day during the

training phase) instead of a single-domain training and other-

domain testing.

MECHANISMS FOR IMPROVING SELF-CONTROL

ACROSS DOMAINS: INSIGHTS FROM NEUROSCIENCE

AND SUPPORTING EVIDENCE

The source of support for the proposed domain-general self-con-

trol framework comes from cognitive and affective neuroscience

(Figure 1). Neuroscientists have identified several brain regions

critical to self-control. A number of functional neuroimaging

studies (Aron, Robbins, & Poldrack, 2004; Leung & Cai, 2007)

and lesion studies (Aron, Fletcher, Bullmore, Sahakian, & Rob-

bins, 2003; Chambers et al., 2006) implicate the right inferior

frontal gyrus (rIFG) as one of the primary brain regions for

behavioral response inhibition. Many of these studies also find

that the dorsal anterior cingulate cortex (dACC), the anterior

insula, the preSMA, and subcortical regions such as the STN

and the basal ganglia are co-active with rIFG during response

inhibition (Aron, Behrens, Smith, Frank, & Poldrack, 2007;

Munakata et al., 2011; Wager et al., 2005). Recent studies have

suggested that the preSMA and dACC are involved in the detec-

tion of potential conflict between the prepotent and desired

response (Botvinick, Cohen, & Carter, 2004; Mostofsky & Sim-

monds, 2008; Nachev, Wydell, ONeill, Husain, & Kennard,

2007), that the rIFG plays a role in representing the mapping

between the inhibition cue and stopping (Van Gaal, Ridderink-

hof, Scholte, & Lamme, 2010), and that the subcortical struc-

tures are important for directly inhibiting the behavioral

response (Aron, Durston, et al., 2007; Sharp et al., 2010). Thus,

inhibitory control recruits an interacting network of regions,

including the rIFG, the preSMA, and others (Aron, Durston,

et al., 2007).

The precise roles of each of the regions involved in self-con-

trol are still under investigation. One view is that the rIFG is the
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final common pathway that is shared by all forms of self-control

(e.g., Aron et al., 2003; Tabibnia et al., 2011). Another view is

that the rIFG and the larger functional subdivision to which it

belongs, the ventrolateral PFC, are broadly involved in main-

taining and acting upon sets of conditional rules, and that there

is a posterior–anterior gradient of increasing rule abstraction

with the lateral PFC (Bunge & Zelazo, 2006). Still another is

that the rIFG is not necessarily involved in direct inhibition of

other regions via inhibitory neurons but instead generates de

facto inhibition of undesired responses through increased excita-

tion of desired responses (Miller & Cohen, 2001; Munakata

et al., 2011). Thus, for our present purposes, we will focus on

rIFG as a representative member of the self-control network

while acknowledging that it is only one part of a broader inhibi-

tory control network and that its specific role is yet to be deter-

mined. There is consensus that the rIFG is a key component in

the network that ultimately inhibits behavior in the service of

top-down goals, making this region an excellent candidate target

for self-control training interventions.

In addition to the behavioral domain, the rIFG has been

implicated in self-control in the cognitive and affective domains.

Supporting its involvement in cognitive self-control, the rIFG is

recruited when participants report successfully inhibiting

thoughts of white bears (Mitchell et al., 2007) and when partici-

pants overcome a “belief bias” in which syllogisms that are not

true because one of their premises is false must still be judged

as logically valid (Goel & Dolan, 2003). Extensive studies have

also found rIFG activation during affective self-control (i.e.,

emotion regulation). The rIFG is recruited when participants

downregulate negative emotions (Kim & Hamann, 2007; Ochs-

ner et al., 2004) or overcome emotional distractions (Dolcos &

McCarthy, 2006). During displays of negative affective images,

activity in rIFG has been shown to be correlated with reduced

amygdala activity and diminished self-reported distress (Ochs-

ner et al., 2004; Phan et al., 2005).

The involvement of rIFG in self-control across the affective,

behavioral, and cognitive domains makes it a promising candi-

date to serve as a final common pathway for distinct forms of

self-control (Cohen, Berkman, & Lieberman, in press). Indirect

evidence that rIFG is a shared locus of self-control—and may

be an appropriate target for intervention work—comes from

methamphetamine abusers, who demonstrate specific deficits in

self-control across motor, cognitive, and affective domains

(Monterosso, Aron, Cordova, Xu, & London, 2005; Payer et al.,

2008; Salo et al., 2002) and show structural differences in the

rIFG in comparison with control subjects (Thompson et al.,

2004).

Recent studies have begun to garner direct evidence for the

view that rIFG is a shared locus of self-control across domains

(Berkman, Burklund, & Lieberman, 2009; Hare, Tottenham,

Davidson, Glover, & Casey, 2005; Shafritz, Collins, & Blumberg,

2006). In one such study, Tabibnia et al. (2011) found that

performance levels on an affective and a nonaffective inhibitory-

control task were correlated with one another and with gray

matter intensity in rIFG (specifically, in pars opercularis within

the rIFG). In another study, experimenters induced prepotent

(i.e., habitual) responses in both the behavioral and affective

domains, but only instructed participants to intentionally inhibit

behavioral (i.e., motor) responses (Berkman et al., 2009). Repli-

cating previous findings (Aron et al., 2004; Chambers et al.,

2006; Leung & Cai, 2007; Wager et al., 2005), this behavioral

inhibition increased activity in rIFG. When negative emotional

stimuli (unrelated to the task) were displayed during motor inhi-

bition, there was a decrease in amygdala activity relative to trials

in which negative stimuli were shown without behavioral inhibi-

tion (and even relative to baseline, suggesting that the effect was

not merely driven by distraction). Critically, the extent of the

amygdala decrease was correlated with the behavioral inhibi-

tion-related rIFG increase. This suggests that inhibiting a behav-

ioral response in the presence of a negative emotional stimulus

can lead to unintentional “spillover” of response inhibition from

the behavioral domain to the affective domain because the rIFG

is a global self-control pathway, and thus establishes a potential

neural mechanism for the transfer of training-related improve-

ments from one domain of self-control to another.

NEUROLOGICALLY INFORMED INTERVENTIONS FOR

CROSS-DOMAIN IMPROVEMENT IN SELF-CONTROL

The work reviewed above provides a foundation for the hypothe-

sis that interventions that generated improvements in a single

target domain of inhibitory control might alter responses in the

rIFG and, via those functional and/or structural changes, also

improve inhibitory control in other domains (see Figure 1). Neu-

roscience studies have identified several tasks that reliably elicit

activation in the rIFG that might be used as part of an interven-

tion aimed at improving global inhibitory-control resources. For

example, the stop-signal task (SST) involves (a) developing a

prepotent “go” response to rapidly press a button and (b) occa-

sionally (on about 25% of trials) inhibiting the behavioral “go”

response when cued by an auditory “stop” signal (Verbruggen

& Logan, 2008). The stop-signal response time (SSRT) derived

during this task is an estimate of the amount of time needed to

produce successful stopping on 50% of the trials, with smaller

SSRTs indicating more efficient behavioral response inhibition.

Performance on this task has been shown to improve following

practice on self-control tasks in other domains (Muraven, 2010)

and to recruit activation in the rIFG and other regions involved

in inhibitory control (Swick, Ashley, & Turken, 2011), and the

task has been adapted for use with children as young as 4 years

old (Thorell et al., 2009). Work is currently underway in our

laboratory to directly test whether training on a modified version

of the SST improves inhibitory control in other domains via

changes in rIFG (Morales et al., 2012).

This neurobiologically informed model of inhibitory control for

cross-domain training can be leveraged to inform intervention
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with young children. As noted previously, inhibitory control

represents one core, underlying feature of many mental health

disorders in childhood (Nigg, 2000; Schachar & Logan, 1990)

and appears to mediate between early adversity and maladjust-

ment (Lewis et al., 2007; Pears et al., 2010). In addition, poor

self-control during childhood is associated with negative long-

term developmental outcomes, such as increased risk of drug

initiation during adolescence (Wills & Stoolmiller, 2002).

Although early intervention strategies often aim to address emo-

tional and cognitive self-control and related downstream out-

comes during periods of development characterized by high

levels of neural plasticity, the level of functioning within these

domains during early childhood may make this difficult. Identi-

fying methods for promoting self-control and specific domains of

self-control that may be more amendable to intervention in chil-

dren remains an important area of investigation.

Existing interventions for children provide indirect support for

the neurally informed domain-general framework of inhibitory

control and illustrate how it could be used to inform further

refinements of those interventions. Several relevant interventions

are described for the purposes of illustrating this point, but a

thorough review of the literature is not provided here. The Pro-

moting Alternative Thinking Strategies (PATHS) curriculum is a

school-based intervention for improving social and emotional

functioning through a focus on inhibitory control of emotions in

social contexts and general awareness of emotions (Kusché &

Greenberg, 1994; Riggs, Greenberg, Kusché, & Pentz, 2006). In

a sample of second and third graders, the positive transfer

effects of the intervention from basic tasks to decreases in inter-

nalizing and externalizing at 1-year follow-up appear to be medi-

ated by gains in inhibitory control as assessed through the

Stroop test (Riggs et al., 2006). Taking another approach to

enhancing emotional and cognitive self-control, Mendelson and

colleagues recently reported on a trial of a mindfulness-based

intervention for fourth and fifth graders involving yoga, didactics

in stress reduction, and guided meditation (Mendelson et al.,

2010). Intervention effects highlighting the transfer of skills to

new domains included decreases in involuntary engagement with

negative emotions and thoughts. However, there were no inter-

vention effects on depression symptoms or social functioning.

The authors suggest that if changes in inhibitory control mediate

gains in these other domains, such gains may emerge only over

time as opposed to immediately following the intervention (Men-

delson et al., 2010). Taken together, these results indicate that

various intervention strategies for school-aged children, with

emphasis on cognitive, emotional, and behavioral self-control,

are effective for enhancing self-control and associated outcomes.

However, it is difficult to determine which aspects of these inter-

ventions most effectively promote gains in self-control or

whether they work synergistically to cause improvements.

The framework proposed here might also help explain null

effects of similar interventions with younger children on self-

control. For example, although an adaptation of the PATHS

curriculum for preschoolers in Head Start classrooms was

associated with gains in teacher-rated social competence, gains

in inhibitory control and other domains of EF were not found

(Domitrovich, Cortes, & Greenberg, 2007). Another recent inter-

vention for preschoolers in Head Start classrooms made use of

the preschool PATHS curriculum to target social and emotional

development while adding a literacy component (Bierman, Nix,

Greenberg, Blair, & Domitrovich, 2008). Among several EF

measures, only one significant intervention effect was observed.

However, initial levels of EF moderated intervention effects

such that children with low initial EF demonstrated greater

gains in social competence and cognitive skills (Bierman et al.,

2008). It may be the case that this intervention bolstered EF

only indirectly, benefiting those at the lowest levels, and that

more explicit training in EF domains is necessary for younger

children to make gains in EF and associated downstream out-

comes such as improved academic functioning (Diamond et al.,

2007). It may also be the case that inhibitory control in the

behavioral domain, as opposed to the cognitive or emotional

domain, represents a more accessible intervention target for

younger children.

In contrast, evidence suggests that adolescents with lower

levels of EF may benefit less from interventions for substance

misuse (Buckman, Bates, & Morgenstern, 2008; Fishbein et al.,

2006; Riggs & Greenberg, 2009). This contrasting developmen-

tal pattern indicates that young children with low EF may be

more amenable to intervention compared to their older counter-

parts, potentially due to higher levels of neural plasticity in the

early years or because interventions designed for younger chil-

dren usually involve more external sources of structure and sup-

port. The findings with adolescents suggest the potential for

more direct training of EF to allow maximal benefit from addi-

tional services. Taken together, these findings clearly underscore

the need for tailored treatment of youths with low levels of cog-

nitive self-control (Diamond & Lee, 2011; Riggs & Greenberg,

2009).

Our neurally informed, domain-general model of self-control

provides a theoretical and neural basis for examining potential

cross-domain effects of individual intervention components

focused on particular aspects of self-control. A specific focus on

intervention components targeting behavioral self-control will be

important inasmuch as this domain may represent a more feasi-

ble intervention target for young children with limited cognitive

and emotional awareness. In addition to potentially increasing

efficiency of interventions by limiting training to fewer self-con-

trol domains, this model provides a framework for assessing

which individuals may need preliminary training in self-control

to benefit from additional services. For children and families

requiring a high level of services, initial intervention to improve

self-control may simply represent a starting point to allow maxi-

mum efficacy of additional intervention strategies. Advances in

neuroscience methodologies, including techniques for safely

conducting neuroimaging with infants and young children
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(Pierce, 2011), will allow for testing the involvement of the rIFG

and related neural networks in intervention readiness or gains

related to self-control. Functional and structural changes in

known self-control brain regions would be expected to mediate

the transfer of gains from the behavioral to the affective and cog-

nitive domains.

CONCLUSION

The neurobiologically informed strength model of self-control

presented in this article addresses a core feature of maladaptive

and adaptive functioning across the behavioral, emotional, and

cognitive domains. The model includes a conceptual and neuro-

logical basis for cross-domain effects of brief, targeted interven-

tions. In addition, it provides a basis for continued evaluation of

existing interventions with the aim of more thoroughly under-

standing readiness for, and mechanisms of, change. Such work

has the potential to lead to tailoring of interventions for individ-

uals and refinement of interventions to make maximum use of

educational and mental health resources. In the current political

and social climate of scarce resources combined with increasing

awareness of the need for mental health treatment, efficient

interventions rooted in solid conceptual and neural frameworks

have great potential to augment existing strategies by targeting

key neural systems that influence regulatory functioning across

domains and settings.
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