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Preface
Inhibitory control (including response-inhibition and interference-control) is
a critical neurocognitive skill for navigating cognitive, social, and emotional
challenges. It rapidly increases during the preschool period and is important for
early cognitive development, as it is a crucial component of executive functioning,
self-regulation, and impulsivity. Inhibitory control (IC) involves the ability to
suppress automatic but incorrect responses or to resist interference from distracting
stimuli, to reduce a non-target’s impact on ongoing information processing. Deficits
in IC are a hallmark of psychopathology. Reduced inhibitory control may manifest
itself at a motor level (e.g. hyperactivity); an attentional level (distractibility and
difficulty paying attention); and at a behavioral level (e.g. impulsive conducts).
Inhibitory control training (ICT) is a novel intervention in which participants
learn to associate appetitive cues with inhibition of behavior. Indeed, it can be
conceptualized as the ability to stop, change, or delay a behavioral response.
It is a promising approach in the treatment of appetitive behavior, considered
as the active, goal-seeking, and exploratory phase of behavior that precedes the
more stereotyped consummatory act. Upon reaching the goal, appetitive behavior
normally ceases. In some cases, this does not happen.
This book aims to bring together knowledge on the topic, considering research,
clinical trials, and the forensic field of intervention. Authors offer original
contributions to develop new perspectives in the field of inhibitory control training
research thanks to the originality of their ideas, theories, research, scientific results,
and discussions.
The first chapter is on the fundamental question of the nature of inhibitory
control during the early childhood years, considering the impact of culture and
environment on its development. Authors investigate a relevant issue that is the
improvement of the capacity to monitor and control thoughts and behaviors by
means of ICT. Research on the effects of musical education on executive functions
development has generated increasing interest across the scientific community.
The second chapter deals with the effects of musical training on inhibitory control
in adolescence. The scientific community pays attention also to the link between
addiction, developmental deficit, and the appearance of neurocognitive-behavioral
dysfunctions. The third chapter investigates inter-individual variations within the
addiction group in respect to neurobiological mechanisms of addiction and the risk
associated with a limited response inhibition. Authors detail response inhibition
theories and methods, summarizing cognitive training intervention in the context
of addictive behaviors as well as brain stimulation and neurofeedback techniques.
The fourth chapter investigates a relevant issue that is how to improve deductive
reasoning abilities thanks to a metacognitive training procedure on executive
functions in secondary school students suffering from binge drinking. The fifth
chapter outlines alterations of executive functions and inhibitory control following
(and aggravated) by conditions of individual and social vulnerability. Authors
discuss a critical thinking skills intervention, BrainWise, which is designed to teach

inhibitory and self-regulation skills to children, youth, and adults. The last chapter
focuses on executive determinants of aggressive behavior and its manifestations.
Inhibitory control dysfunctions have implications for refining and targeting
training and rehabilitation programs aimed at reducing aggressive behavior.
Authors propose the possibility of intervening in terms of ICT. The chapter reviews
studies that highlight the relevance of initiating a shift of paradigm from a oneperson-cerebral functioning model to a social interactive-cerebral functioning
model of impulsive aggression.
Considering the above, this book can be considered a fruitful synopsis of
perspectives, methods, empirical evidences, and international references.
Moreover, it represents an extraordinary opportunity to outline new horizons on
ICT clinical applications.
No man is free who is not master of himself.
(Epictetus)
Control is the source of strategic power.
(Noam Chomsky)

Sara Palermo, PhD and Massimo Bartoli, MSc
Department of Psychology,
University of Turin,
Italy
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Chapter 1

A View from the Start: A Review
of Inhibitory Control Training in
Early Childhood
Erin Ruth Baker, Qingyang Liu and Rong Huang

Abstract
Young children’s capacity to monitor and control their thoughts and behaviors
is influenced largely by inhibitory control, which grows rapidly during this age
due to brain maturation. This capacity has important implications for children’s
development, including academic and social outcomes, and has been shown to be
influenced by culture and exposure to adverse life events such as poverty. Research
suggests that this capacity, importantly, may be largely trainable, with appropriate
training programs.
Keywords: early childhood, executive function, cross-cultural, low-income

1. Introduction
During the childhood years and into adolescence, the brain grows tremendously,
causing a significant change in cognitive capacities. In later years of childhood and
adolescence, many of the neurological changes correspond with advancements in
perspective taking and reasoning; however, evidence from the early childhood years
suggests that these changes more closely align with advancements in inhibitory
control and executive functions more broadly [1, 2]. However, there are distinct
developmental changes which inform our understanding of inhibitory control and
which merit further discussion. Regardless, these developmental changes have
profound impacts on children’s development overall, including academic and social
outcomes. It is important to recognize, however, that children’s capacities to inhibit
a prepotent response have been shown to vary by culture, as well as exposure to
early adverse life events, and therefore a consideration of environment should be
included when attempting to conduct research in this area or when making important policy or curriculum decisions. Nevertheless, research which utilizes inhibitory
control (IC) training specifically within the early childhood ages demonstrates
positive results, with more intensive training yielding more promising results.

2. Nature of inhibitory control during the early childhood years
Research has consistently demonstrated that the preschool years are a developmental time during which children experience profound growth in their ability to
inhibit an unwanted response [3]. Younger preschool-age children are more likely
to perseverate in their errors across multiple trials [4] by repeating a maladaptive
1
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behavior—for instance, a child who continues to shout out in class instead of raising
their hand—whereas this pattern declines markedly by age 4. Similarly, 3-year-old
children demonstrate an ability to inhibit an automatic prepotent response on a
Simon Says task (e.g., Go/NoGo task [5]: children are trained to respond to one
stimulus and are trained not to respond to a similar stimulus; see Table 1) for
roughly one in four trials, in comparison to 4-year-old children who were successful on roughly 9 out of 10 trials [6]. Moreover, the impacts of inhibitory control on
children’s cognitive capacities also seem to change as a function of age. For instance,
younger preschool-age children’s inhibitory control capacities strongly predict
their problem-solving strategy use and performance; however, older preschool-age
children’s problem solving is better explained by their working memory capacities (see Table 1) rather than their inhibitory control abilities [7]. Relatedly, the
development patterns of IC growth may not be limited to simply greater accuracy
on relatively straightforward tasks. Older preschool-age children perform with
greater success on more complicated tasks of IC than their younger peers [1], which
may indicate that using multiple, progressive tasks when assessing IC may reveal
important developmental patterns not captured by using a single task or by using

Key terms

Definitions

Executive functions (EF)

The constellation of foundation cognitive capacities, such as
inhibitory control, working memory, and attention, which allow for
later emergence of reasoning and problem solving

Inhibitory control (IC)

The cognitive capacity to inhibit a prepotent, automatic behavioral
response

Working memory

A cognitive system for temporarily storing and managing
information that is necessary for undertaking complex cognitive
tasks

Theory of mind (ToM)

The understanding that others have mental states such as beliefs,
desires, etc., which can vary from person to person or within one
person over time

Go/NoGo task

Children are trained to respond to one stimulus (e.g., “Go” stimuli)
and are trained not to respond to a similar stimulus (“NoGo”
stimuli). This task measures behavioral inhibition

Day/Night Stroop task

Children are trained and must complete trials in which they say the
word “night” when presented with an image of a sun on a white
background and say “day” when presented with an image of a moon
on a dark background. This task involves both behavioral inhibition
and cognitive interference

Cognitive interference/interference
control

It refers to attempts to suppress interference from competing
stimuli. The response time of an IC task is usually considered as a
measure of cognitive interference

Behavioral inhibition

It requires suppressing a behavioral response for a more optimal
response. Cognitive interference and behavioral inhibition are two
aspects of IC

Electroencephalogram (EEG)

A neurological testing that allows researchers to precisely measure
brain activity during the behavioral tasks, which provides for a
more complete examination and consideration of IC as a cognitive
capacity

Inhibitory control training

A designed intervention that includes a training process which
aimed at improving IC

Table 1.
A summary of definitions of the major concepts and techniques.
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multiple similar tasks. Overall, the findings on early childhood IC show robust and
dramatic growth, particularly during the childhood years.
Although researchers agree on the tremendous growth of IC during this developmental age, there persists disagreement as to the specific nature of IC, and executive functions, during this time. Executive functions (EF) refer to the constellation
of foundational cognitive capacities, such as inhibitory control, working memory,
and attention [1], which allow for later emergence of reasoning and problem solving. In middle childhood and beyond, these executive function capacities can be
considered as increasingly discrete processing mechanisms; however, during early
childhood, these patterns remain more nebulous, and studies using confirmatory
factor analysis have shown developmental differences in factor emergence and
persistent factor unification into the childhood years. For instance, during the preschool years (broadly, ages 3 years to 6 years), studies using multiple assessments of
inhibitory control, attention, and working memory yield a single unitary construct
of executive function or inhibition generally [8–12], whereas studies of middle
childhood have discerned multiple discrete factors, including working memory and
attention shifting [13], and this trend continues and expands into later childhood
and adolescence (see [14]).
The prevailing argument is that tasks of IC during the early childhood years
necessitate activation of multiple other components of EF. take, for instance, the
Day/Night Stroop task (see [15]; Table 1) in which a child is trained and must
complete trials in which they say the word “night” when presented with an image
of a sun on a white background and say “day” when presented with an image of
a moon on a dark background. In this task, IC is typically measured by accuracy,
with measurements of response time frequently included as well. This task clearly
requires the child to inhibit the automatic response of verbalizing the association
they have made between the sun and it being daytime, or between the moon being
present during nighttime, and thus is inarguably a task of IC. However, some argue
that this task measures additional facets of EF simply by the nature of the task. For
instance, a child must have sustained attention throughout the assessment, and if
the child loses focus for even a moment, the measurement of response time could
be conflated, leading some scholars to argue that the attentional component of EF
predicts IC [3, 16]. Similarly, the child must work to keep the rules of the moon/
day and sun/night matching in the forefront of their mind during the assessment,
and if they do not, then the accuracy measure could be conflated with working
memory. Many researchers have argued, therefore, that the various EF components
are highly integrated during the early childhood years and that these components
emerge as more distinct with age and experience [1, 14].
As shown by the previous example, it is difficult for researchers to disentangle
the various components of EF, from a measurement perspective, in early childhood.
Researchers’ understanding and measurement of inhibitory control during the early
childhood years should therefore be sensitive to the developmental nature of such
phenomena and should perhaps consider using indices of a variety of executive
function capacities. However, as described previously [14], a common conceptualization of EF in the early childhood literature seems to imply that EF and IC are
analogous at this development time (e.g., [17]) or that IC developmentally precedes
other domains of EF (e.g., [16]). Although IC contributes largely to early childhood
EF, as demonstrated in the previous example, it may be problematic to consider these
as synonymous. One argument in support of this claim is that children’s task performance on EF tasks most closely replicates issues of IC—that is, a child will persist in
making prepotent errors, a classic demonstration of immature IC, while also activating other areas of EF, such as attention, working memory, etc. Although several
arguments have been proposed to counter the position of equivocating EF with IC,
3
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most pertinent to the current chapter may be that IC itself may be multidimensional.
Referring again to the aforementioned example, many researchers consider response
time in the Day-Night Stroop task to be a measure of cognitive interference (sometimes
referred to as interference control), which refers to attempts to suppress interference
from competing stimuli, in contrast to behavioral inhibition which requires suppressing a behavioral response for a more optimal response [18, 19]. That is, the construct
of inhibitory control as it pertains to developmental changes during the early childhood years requires both the cognitive power to limit attention to distractor stimuli
and the behavioral power to engage an appropriate response.
Turning to developing an appreciation for the role of IC for holistic development, the capacity for IC has important implications in terms of development
across a number of domains [20]. For instance, although IC has been shown to
predict children’s academic achievement generally throughout the childhood years
[21], strong IC consistently predicts more proficient mathematical knowledge
[16, 22–24] and numerical strategy use [25]. Moreover, IC has been implicated in
children’s emergent literacy proficiency [16, 24] and language development [26].
The development of IC during the early childhood years additionally has profound
implications for children’s social and emotional development [27], such as the
emergence and development of social perspective taking [28], problem solving
and emotional control [27], and suppressing disruptive behaviors and aggression
[11]. As such, IC should be considered by researchers and practitioners alike for the
implications this capacity may hold across areas of maladaptive academic and social
development.
Research methodologies employed for assessing IC during the early childhood
years can vary considerably, and each assessment offers a wealth of strengths yet,
as mentioned previously, may be incomplete on its own. Therefore, much of the
research studies in this area use more than one type of assessment or multiple
assessments with considerable methodological overlap. An important consideration
in measurement of IC, indeed of any cognitive faculty, during the early childhood
years is the developmental appropriateness of the task (see [8], for review). For
instance, children in this age range are often concurrently experiencing emerging literacy skills and are often not yet proficient readers; therefore, it would be
inappropriate to use a task which requires even low reading requirements, as such
a task would likely require a cognitive load too great to allow for successful task
completion. Moreover, such a task when used with an emerging reader would
result in contaminated measurement in that task performance may indicate a
lack of understanding the rules of the task, the lack of proficiency in reading, or
inhibitory control. Similarly, tasks to be used on a study of early childhood should
be rather straightforward, without overly complicated instructions or numerous
steps. Therefore, much of the research studies in the area of inhibitory control that
focus on early child development utilize tasks or games which require no reading,
with simple instructions provided to the child verbally and repeated if necessary,
and these tasks typically include a generous training time to ensure that the child
understands and can perform the task.
Many of the commonly employed tasks resemble that of the Day/Night Stroop
task [15, 29] and the Go/NoGo task [1, 5, 19, 30], both of which were described in
the previous paragraphs. Importantly, these two tasks differ in terms of cognitive
interference with regard to the expectations for children’s behavioral responses.
Specifically, the Day/Night Stroop task involves embedded rule use, thus requires
children to produce a verbal response to multiple stimuli, and therefore requires
that the children process and act on multiple rules (i.e., if moon, then “day,” but if
sun, then “night”), whereas the Go/NoGo task only requires a behavioral response
to a single stimulus (e.g., if “Simon Says,” then response; if not, then no response).
4
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This distinction has led some to argue that the Day/Night Stroop task may be more
complex particularly for younger children than other tasks, and therefore performance on this and similar tasks may be indicative of greater IC capacities compared
with Go/NoGo tasks (see, e.g., [31, 32]).
Consistent with the recommendation noted previously regarding the need to
use multiple indices of IC when attempting to correctly assess children’s capacities,
many researchers employ the use of neurological testing, such as an electroencephalogram (EEG), in concert with a behavioral task, such as the Go/NoGo task (e.g.,
[30]). Using neurological measurement, such as EEG, allows researchers to precisely measure brain activity during the behavioral tasks, which provides for a more
complete examination and consideration of IC as a cognitive capacity particularly
from a developmental perspective. That is, as the brain is experiencing tremendous
growth during the early childhood years, it is important to capture how such physical growth corresponds with cognitive growth, and this is perhaps best done by
measuring neural activity during a cognitive task.
Overall, EF generally, and inhibitory control specifically, undergoes dramatic
growth during the preschool years, which has important implications for their
development overall [1, 2]. Although EF is discernable as more discrete constructs
in later ages of development, this has not been consistently demonstrated during
the early childhood years [8–12], and thus researchers should consider possibly
utilizing multiple tasks, including neurological assessments if possible [30], to provide a more comprehensive understanding of IC during the early childhood years.
2.1 Impacts of culture and environment on young children’s inhibitory control
development
Consistent with other cross-cultural research which shows variation in the
timing and emergence of children’s cognitive capacities (e.g., [33]), evidence of
IC development from non-Western societies is not entirely consistent with that of
Western societies, suggesting that children’s inhibitory control may be impacted by
cultural and environmental factors [34]. For instance, a variety of studies comparing
Chinese samples to Western samples may suggest that preschool-age children reared
in Chinese cultures outperform their US counterparts on tasks of IC [34, 35], which
has also been found in other non-Western cultures (e.g., Japan [36]). Importantly,
comparing samples of non-Western cultures from African and Latin American
communities [37] as well as cultures which share both Western and Eastern ideals
(i.e., Turkey [38]) to Western has not yielded differences by culture. Overall, the
cross-cultural research on IC development in early childhood may indicate that
although there is a large universality in terms of IC development, cultural and
societal mores may cause differences in children’s IC and development more broadly.
Moreover, in terms of implications of the cross-cultural research for child
development more broadly, in Western cultures IC has been consistently shown
to predict theory of mind (i.e., the understanding that others have mental states
such as beliefs, desires, etc., which can vary from person to person or within one
person over time [39]) particularly during the early childhood years [31], which
holds implications for children’s social competence during early childhood and
beyond; however, this predictive relation between IC and theory of mind has
not consistently been demonstrated in cross-cultural samples to the same degree
as in Western samples [40]. For example, a recent meta-analysis discussed that
although IC and EF generally did predict theory of mind and mental state understanding across cultures, the strength of this prediction was weaker among studies
assessing East Asian samples than several Western samples, including the USA,
Canada, and Europe [31].
5
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Other environmental factors, such as exposure to poverty or low socioeconomic
opportunity, have also been shown to impact children’s cognitive development,
including the development of EF during the early childhood years, with children from
low-income families generally underperforming their more affluent peers [41, 42];
however, the recent work has turned to focus on the adaptive strengths of children
raised in environments with higher rates of adversity [43]. For example, although
children from low-income families have demonstrated less accuracy on a Go/NoGo
task, they did not perform more slowly on the task [44]. Moreover, children from
low-income families performed less accurately on a simple working memory task
than with peers, but these group differences were eliminated when the task was made
to be more complex [44]. A similar finding has been shown for children who have
experienced familial trauma, and this may be true even when considering the impacts
of poverty exposure. Children who have been reported as experiencing family trauma,
as assessed by indices of post-traumatic stress disorder (PTSD), showed poorer global
EF than non-traumatized children [45]; however, the effect size was weaker for IC task
performance than other types of EF, such as working memory and processing speed.
This may suggest that children who experience familial trauma may develop adaptive
responses to their environments which allow them to inhibit prepotent responses as
indicated by the IC task performance.
Similar to the pattern of IC mediating the impact of culture on early childhood
competence, it may be that environmental exposure to poverty and adversity may
additionally impact other areas of children’s development. Academic achievement and
behavioral regulatory faculties are more strongly predicted by IC task performance for
children from more affluent family backgrounds, for example, than their less affluent
peers [46]. Additionally, among children attending a federally funded educational
program for low-income families and their children, children with stronger IC performance were rated by their teachers as having better socio-emotional faculties and
showed fewer internalizing behaviors (e.g., indications of anxiety and depression)
than their low-income peers who performed less well on IC tasks [47, 48]. Children
who experience other types of environmental adversity, such as children who experience violence or maltreatment at home, show similar patterns of poorer academic
achievement and school adjustment, yet this relation is additionally explained by children’s IC [49]. In sum, although children who experience adverse early life events, or
are raised in low-income families and neighborhoods, have shown to differ from more
traditional samples in terms of academic achievement and socio-emotional competencies, these discrepancies may be explained by young children’s emerging IC faculties.
Therefore, these children may show marked improvements in EF capacities, as well as
other positive outcomes such as improved academic achievement, with IC training.
2.2 Inhibitory control training in early childhood and implications for
development
Efforts in establishing inhibitory control as an effective tool for cognitive
improvements have proven successful across the life span [50]. Moreover, as the
early childhood years are an important time for the development of EF generally,
and IC specifically, as previously discussed, this developmental age range is ideal
for examining the possible power of IC training. Several studies have examined
the impacts of IC training on child outcomes, and these studies consistently yield
positive findings [19, 21, 50–56].
Importantly, the outcomes of IC training have been shown to vary considerably
based on the types of training. Studies have shown, for example, the training of
more global EF capacities rather than IC specifically (e.g., [53, 55]) may be successful in expanding cognitive performance across a wide range of tasks. This aligns
6
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with the aforementioned discussion of the entanglement of multiple components of
EF during early childhood (i.e., that many factor analytic studies have shown that in
the early childhood years the distinct components of EF, such as working memory
and IC, may not be as separately discernable as evidenced during the later years of
development [8–12]). To test this, some researchers have attempted to gauge the
effectiveness of IC training compared with training in other areas of EF, such as
working memory; for instance, children who received 5 weeks of computerized
IC training, compared with a group who received a parallel program of working
memory training, showed improvements in task performance for the task on which
they received training; however these improvements did not transfer to other tasks
of EF [55]. Limited transfer effects have been reported elsewhere as well, such as
children showing increased performance on methodologically and structurally similar tasks as to the training task, but not other tasks [51], although this increase in
performance was sustained over many months. However, other research has shown
considerable transfer effects, such as children showing enhanced reasoning abilities
after training on a Go/NoGo task [19] and children, adolescents, and adults showing
enhanced perspective-taking capacities after receiving IC training [50].
Other types of training have also shown to be successful in improving EF
performance. Having children engage in reflective metacognition regarding their
performance on difficult cognitive tasks, such as their performance in the Day/
Night Stroop task, has shown to be effective in enhancing their performance on
that task even compared with more traditional training procedures, such as practice
and corrective feedback [54]. Additionally, training on language skills can have
a positive impact on children’s IC, as such trainings require engaging in multiple
components of EF (e.g., sustained attention), as well as IC specifically [57] such
as by requiring the child to use the correct term for a specific item within a larger
category of items. This aligns with the espoused conceptualization of early childhood IC as profoundly entangled within EF and is consistent with other research
on EF trainings more broadly. For instance, children who received 12 sessions over
4 weeks of training that included working memory, IC, and cognitive flexibility
showed significant improvements across a range of EF capacities, and these effects
transferred to other areas of children’s cognition as well [58].
Additionally, outcomes of IC training may yield important changes at the level of
neuronal and brain activity [54], which may not necessarily correspond with immediate changes in behavior. For instance, studies have shown that children who received
an 8-week program of training which targeted children’s IC, working memory, and
planning ability found that, for children who received the training, neural activity
levels changed in the corresponding brain regions as expected; however children’s task
performance after the training did not differ significantly from their pre-training performance [30]. Other studies have found that a single training session of metacognitive reflection about controlling impulsive behaviors may lead to decreased activation
of the brain region responsible for processing conflicting information, which may
indicate a lessened likelihood to process the information as conflicting, and therefore
possibly indicating better adaptation in integrating new rule schemes [54].
Moreover, the positive impacts of receiving EF training have been found effective for children from low-income families as well. For instance, one study showed
that when classrooms serving low-income families implemented a full year of
an EF training that included a broad range of EF skills deeply integrated into the
classroom curriculum, compared with classrooms that had no such program,
children who received the training outperformed children in the control group on
both simple and advanced tasks [52]. Indeed, children in the control group showed
a decline in task performance for the more advanced tasks, which was not found
for children who received the training. What’s more, the program was so successful
7
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that the control condition was not allowed to repeat, by request of the school, as
the teachers and parents noted such profound change in terms of academics and
student behavior that the school refused to continue the project without full implementation of the program in all classrooms. In concert with findings from more
traditional samples which included less intensive training, these outcomes would
indicate that children from low-income families might be an especially important
area for future research, given the overwhelming strength of the results.
Although studies using IC training with children of incarcerated parents, or
children who have experienced abuse or neglect, were not revealed during the
current literature search, the previously discussed research of IC training during
early childhood could be extended to these populations [45]. For instance, research
on treatment approaches for anxiety and depression (common outcomes of trauma)
with adults has shown that training individuals to develop better self-regulatory
executive processes, such as attention, have shown promising results (see [45] for
discussion). Given that children’s EF faculties are more nebulous and entangled
than adults, it stands to reason that such approaches would yield additionally
promising results during the early childhood years.
Moreover, such intervention approaches might be promising for researchers
working in clinical settings. For instance, mindfulness training approaches that
capitalize on EF processes, such as attentional focus, for children with anxiety have
proven effective in reducing anxiety symptomology [59]. Such training has proven
effective for children from low-income families as well [60], with positive effects
extending beyond advanced EF development to include positive socio-emotional
and behavioral changes as well. However, much of the research in this area has been
conducted with older children, and examinations of the promise of mindfulness
training during the early childhood years may not yet exist. This may be an important area for future research, as the implications for positive outcomes may be more
robust with earlier intervention.
Overall, findings with regard to improving child outcomes during the early childhood years as they relate to IC training suggest that IC training may be effective to varying degrees. Although a few studies showed limited transfer effects, the most promising
findings come from studies which implemented a broader EF training program rather
than those which utilized specific IC training. Additionally, research studies with
longer training programs, such as the 1-year program discussed above, yield stronger
effects in terms of global child outcomes than did shorter programs. Studies involving
brain imaging have also shown positive outcomes in terms of changes in brain activity,
indicating that such training may be important for effecting long-term change.

3. Conclusions
The cognitive capacity to inhibit a prepotent, automatic response grows tremendously during the early childhood years corresponding with and as a function
of profound brain development taking place at this time [1, 2]. At later ages, this
cognitive ability is rather distinct from other foundational cognitive capacities, such
as attention and working memory; however, considerable research suggests that
during early childhood these distinctions are less clear, leading many researchers to
consider and research EF as a more global function at this age [8–14].
Research which focuses on IC during the early childhood years typically utilizes
simple, game-like tasks which require brief or no verbal response, and researchers
typically utilize a variety of tasks which may assess various areas of EF, including
the Day/Night Stroop task [15, 29] and the Go/NoGo task [1, 5, 19, 30]. Importantly,
and with regard for the important growth occurring at this age in specific brain
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regions, many researchers use these tasks in combination with brain imaging [30],
providing important insights into developmental changes taking place in brain and
neuronal activity.
Importantly, the current chapter includes much literature on EF broadly rather
than focusing specifically on IC and IC training. Although this is consistent with
the current conceptualization of IC during this developmental time within the
literature, this may have resulted in certain findings and trainings being included in
the current discussion with which some researchers may disagree. Additionally, the
current chapter focuses narrowly on a specific developmental window and thus is
not representative of the research on IC across childhood.
For transparency, the literature review for the current chapter used the following
databases: Google Scholar, ScienceDirect, and Web of Science. The keywords were
executive function, inhibitory control (training), working memory, sustained attention, cognitive development, self-regulation, preschoolers, early childhood, children,
cross-cultural, and risk population. Specifically, inhibitory control is a broad term in
the research procedure, which has been expanded and is not limited to the executive
function and cognitive development [61]. For ease of understanding, an at-risk population was defined as any potential risk factors (i.e., poverty or low income, neighborhood violence, family violence, family maltreatment, low social status, low education
background, rural area). However, and as is the case with many reviews, the current
chapter does not include findings from unpublished works, and thus the positive
support for IC training as discussed here may be an artifact of publication bias.
Nevertheless, in creating IC training programs, much of the research has
shown positive outcomes across a variety of training programs; however, as is to
be expected, more promising and profound results accompany programs with
more intensive training with longer durations [50–58]. Such training programs
have proven effective across cultures and changes in the environment [52], including children from low-income backgrounds and children who have experienced
profound early adverse life events. Although little research to date has examined
IC training during early childhood in clinical samples, extending from the work
discussed in this chapter, it would follow that IC training broadly, and perhaps
mindfulness training specifically, may yield positive outcomes across domains.
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Chapter 2

Musical Training Enhances
Inhibitory Control in Adolescence
Claudia L.R. Gonzalez, Frank Robertson and Robbin L. Gibb

Abstract
Music production is a complex activity that involves nearly every function
in the brain. Whether skills transfer from musical training to other cognitive
abilities is a growing area of research. There is evidence to suggest that musical
training in children and adult musicians is associated with an improvement in a
variety of executive functions (EFs). This study examined whether those associations are also present during adolescence, and whether there is a relationship
between the time spent in musical training and EF. Adolescents between the
ages of 14 and 18 completed three tests of EF: Tower of Hanoi to assess working
memory, Wisconsin Card Sort Test to assess cognitive flexibility, and Stroop
Color Word Task to assess inhibition. They also completed a musical experience
questionnaire, including their lifetime musical practice hours. Adolescent musicians were found to have improved inhibitory control (as measured by the Stroop
Task) relative to nonmusicians and inhibition correlated with musical practice
time. No other elements of EF were found to be associated with musical training.
These findings suggest that the impact of musical training may not be the same
for all EFs, and that there may be unique associations between this type of training and inhibitory control.
Keywords: executive function, inhibition, music, adolescent, cognitive function

1. Introduction
From lullabies to symphonies, campfires to clubs, birthdays to funerals, music
is woven throughout everyday life. Children respond to music starting in their
very earliest moments and music is thought to predate speech evolutionarily [1].
Music is a powerful driver of cognitive and neurological development involving the use of nearly every cognitive faculty. Furthermore, it is well known that
music engages the appetitive/rewarding neurochemical systems of the brain
[2]. The impact of music throughout development is an area of interest across
multiple disciplines. Both music and language allow us to communicate through
sound, and both require the ability to process and produce precise sounds. The
same abilities that allow us to sing and discern emotion from a melody, allows us
to discern meaning from words [1]. Music is a highly complex cognitive activity. A musician must coordinate fine motor movements in order to reproduce a
memorized series of sounds while receiving auditory, somatosensory, and visual
feedback. Becoming an expert musician requires years of dedicated practice.
Music has been proposed as an intervention for cognitive and neurological
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development because of the breadth and depth of the faculties exercised in this
activity [3, 4]. It is not just those functions directly recruited to produce music
that are impacted by it. Executive functions (EFs) are cognitive abilities that
organize and direct the deployment of other cognitive processes and they also
benefit from musical training.
EF includes abilities such as working memory, cognitive flexibility, and
behavioral inhibition. Working memory is task-oriented memory that allows
people to remember what they are doing and to recall relevant information that
allows for task completion. Working memory is involved in accomplishing most
tests of EF, as participants must at a minimum remember the rules of the task.
One task that measures working memory ability is the Tower of Hanoi (ToH). ToH
requires participants to move pieces of a tower across a set of three spaces. The
rules of the game are such that this manoeuver takes a minimum of fifteen moves
to complete. In order to avoid errors and complete the task in as few moves as possible, participants must keep the rules in mind and think through multiple moves
ahead [5]. Working memory is a fundamental EF that allows for the planning and
execution of this goal-oriented task. Cognitive flexibility or task switching is an
element of EF that requires a person to move back and forth between several tasks
successfully. These are the abilities that allow for multitasking. Cognitive flexibility can be measured using a tool like the Wisconsin Card Sorting Task (WCST)
wherein participants complete multiple similar tasks back to back. Researchers
measure how seamlessly participants transition to the new task by tracking the
errors they make which would have been correct in the previous task [6]. This
ability to rapidly switch between tasks is required for successful navigation of
a world where many complicated jobs and separate priorities are competing for
attention. Inhibition is the ability to resist doing something natural or instinctual
and instead engage in some effortful activity. Being able to inhibit a behavior
successfully allows one to sort out irrelevant information and remain focused on
a given task. Inhibition also allows people to pause and consider other skills that
can be used to solve the problems that are important to them. It is no surprise
then, that inhibition is critical for academic success. Bull and Scerif [7] studied
seven to nine-year olds and discovered that inhibition predicted a child’s mathematical ability independent of their intelligence and reading ability. Objective
tests of inhibition often ask participants to respond to one type of stimulus while
introducing some other competing stimulus that the participant must ignore. A
popular test of inhibition is the Stroop Colour Word Task (SCWT). Here stimuli are
presented in pairs and participants are asked to respond to the less salient stimulus. In the classic SCWT, participants are presented with words that denote a color
that are printed in different colors (i.e. “green” printed in green ink) and asked to
respond to the color of the ink rather than reading the word. When these stimuli
are congruent the task is simple, but when they do not match (i.e. “green” printed
in red ink) inhibition is required, leading to increased response time and a higher
error rate [8].
Better EF is associated with improved outcomes in school and life, and so has
been a focus of research in the last decade [9]. Researchers have looked into training EF, particularly inhibition, to improve school performance in children. For
example, kindergarten children trained for a month on tasks that promote inhibitory control such as a modified SCWT, achieved a grade one performance level after
the training [10]. Another way to enhance inhibitory control and thus academic
achievement is through musical training. Short-term musical interventions of a few
months to a year have been found to be effective in raising children’s EF and verbal
intelligence [11, 12, 14]. Children engaged with music have higher intelligence
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and better inhibitory control than age-matched children without musical training [13–15]. Therefore, inhibitory control interventions are important means to
enhance academic performance.
A great deal of research has focused on adult musicians and demonstrates a
variety of behavioral and neurological benefits associated with this long-term musical training. Adult musicians show improved EFs compared with nonmusicians in
working memory and particularly in inhibitory control [16, 17]. Beyond behavioral
research, the brains of long-time musicians have been found to be structurally
and functionally distinct from the brains of nonmusicians [18, 19]. These changes
are thought to underlie the cognitive benefits found to be associated with musical
training.
A gap in the literature is the understanding of how musical training affects
cognitive function in adolescence. Adolescence is the period between childhood and
adulthood, beginning at the onset of puberty around 11 years of age, and continuing until adulthood [20]. Adolescence is an important period of development;
physically, socially, and cognitively. Adolescence and early childhood are both periods of high neuroplasticity and rapid cognitive development. These two windows of
elevated neuroplasticity provide opportunities to help youth cultivate the faculties
which they will carry with them into adulthood. Because musical training has been
so thoroughly demonstrated to enhance cognitive development in early childhood it
is worth asking whether musical training in adolescence is also effective in increasing EF skills. Weintraub et al. [21] found evidence for two developmental windows
in childhood and adolescence while assessing the cognitive battery included in the
NIH Toolbox for the assessment of Neurological and Cognitive Function. They
found that in measures of memory, and general EF there was a sharp increase in
proficiency between the ages of 3 and 6. A second smaller spike in executive function development occurs starting at 12 years old and continuing until early adulthood at age 25.
The current study investigates the association between musical training and
EF in adolescence. Given the previously discussed benefits of musical training on
cognitive function in children and adults, we wondered if musical training has
the same positive associations with EF development in adolescents? We know that
even short musical interventions can have significant impacts on a child’s EF, and
that child musicians engaged in extracurricular musical training show improved
EF across a variety of domains [11, 12]. It is possible that these benefits wash out
by the adolescent years, as children without musical training may catch up through
other activities. However, if music does have a uniquely strong ability to train EFs
as indicated by the existing literature, adolescent musicians will continue to exhibit
improved cognitive abilities.

2. Methods
2.1 Participants
Forty adolescents (21 females, 19 males) between the ages of 14–18
were recruited from local middle- and high-schools in Lethbridge Alberta.
Participants self-identified as right-handed, and were healthy, with no history
of neurological impairment. Participants were not told the purpose of the study,
but were told about each of the tasks they would complete before giving consent.
Parental consent was obtained for participants younger than 18 before they
arrived for testing.
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3. Procedure
Each participant completed a music self-report questionnaire, and three tests of
EF: the ToH (working memory), WCST (cognitive flexibility), and SCWT (inhibition). The entire experiment took between 35 and 45 min to complete.
3.1 Tower of Hanoi
Four square blocks were stacked on each other, on the first of three marked
spaces (see Figure 1). Participants began the task centered on the second space,
with both hands on the table. They were asked to move the tower of blocks to the
third space, stacked in the same order that they began. Participants were only
allowed to move one block at a time, and could only stack blocks on top of larger
blocks. Participants’ hands were filmed while completing this task. Total moves
to complete the task were recorded. Completing the task requires a minimum of
fifteen moves, and anything lower than twenty is consider good performance.
3.2 Wisconsin Card Sorting Task
This study used a computerized version available on PsyToolkit (https://www.
psytoolkit.org/experiment-library/stroop.html) [22]. Four square cards appeared
at the top of the screen. Left to right they contained one red circle, two green
triangles, three blue crosses, and four yellow stars (see Figure 2). A fifth card
appeared at the bottom of the screen, containing a random combination of colored
shapes. Participants were asked to click the card at the top of the game window
that matched the card at the bottom of the game window according to shape, color,
or number. Which rule to use was not disclosed to the participant, and changed
several times throughout the session. When a participant clicked the correct card,
a bell rang and the word “Good” in white flashed on the screen. In the case of an
incorrect trial a white “No” flashed on the screen and was spoken by a robotic
voice. Total errors were recorded as well as perseveration errors, wherein participants continued using a previous rule (which was formerly correct) in the next
round of trials.
3.3 Stroop Color Word Task
This experiment utilized a computerized version of the Stroop available at
expfactory.github.io [23]. Participants were instructed to identify the color of words
printed on the screen as red, blue, or green, by pressing buttons on the keyboard
(Figure 3). Each trial began after a 500 ms fixation and words were presented on

Figure 1.
Tower of Hanoi: this task measures planning and working memory. Participants moved blocks from the left
space to the right, according to a set of specific rules. Completing the ToH requires a minimum of 15 moves.
Move to complete is the measure of EF in this task.
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Figure 2.
Wisconsin Card Sort Task: participants clicked on the cards at the top in order to match with the card at the
bottom. Cards could match based on the number, color, or type of shapes on the card, and this rule changed
throughout the session.

Figure 3.
Stroop Color Word Task: participants responded to a series of words by pressing a key corresponding to the color
that the word was printed in. Each word appeared on the screen for 1500 ms. A fixation mark appeared on
the screen for 500 ms before each trial. Trials were categorized as congruent and incongruent, and errors were
recorded for each condition.

the screen for 1500 ms or until participants responded. Participants completed
23 practice trials, followed by 96 measured trials. Forty-eight of these trials were
congruent, meaning the color of the word matched the printed meaning of the
word, (e.g. “Red” in red ink). Forty-eight were incongruent, meaning the color of
the word did not match its printed meaning, (e.g. “Green” in red ink). Errors were
recorded for both the congruent and incongruent conditions (Figure 3).
3.4 Music self-report questionnaire
Participants completed a self-report questionnaire detailing their musical training. Each participant reported whether they were currently playing any instruments
or singing a vocal part. They reported each of those instruments and gave the time
spent practicing each week, and the years spent practicing that instrument. They
then repeated the exercise for any musical experience they had in the past and
subsequently abandoned. Finally, participants were asked to rank their knowledge
of music theory, ability to read music, and general musical aptitude on a five-point
Likert scale (1–5), where 1 was no ability and 5 was exceptional.
For the purposes of this study, we considered participants to be musicians if
they had at least three years of musical training, and a minimum of five hundred
reported lifetime hours engaged in musical training. This eliminated participants
who had only just begun engaging with music, and allowed this study to focus on
the long-term impacts of musical training.
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4. Results
In order to test the hypothesis that teenagers with a history of musical training would have higher executive function than those without, a series of Welch
nonparametric T-tests were conducted. This test was chosen because it does not
assume normalcy, and is more robust to dependency between multiple comparisons. Musician status was used as the independent variable and number of moves
to complete the ToH as well as errors in the WCST and the SCWT were dependent
variables. In order to account for multiple comparisons Bonferroni correction was
used. SCWT errors were found to be significantly different between musicians and
nonmusicians (see Table 1). Musicians were found to commit significantly fewer
errors than nonmusicians.

Orientation

Musician
mean

Musician
SE

Nonmusician
mean

Nonmusician
SE

t Statistic

p-Value

Tower of
Hanoi (moves
to complete)

Lower for
better EF

32.889

3.53

26.684

3.47

−1.2717

0.5593

WCS errors
(preservation
errors)

Lower for
better EF

7.750

0.770

9.500

1.09

1.2744

0.2124

Stroop errors
(total errors)

Lower for
better EF

4.389

0.759

9.737

1.40

3.3774

0.0022*

Variable

Musicians make significantly fewer errors in the Stroop Task than nonmusicians. Welch Pairwise two tailed T-tests.
*
Adjusted for Bonferroni correction.

Table 1.
Comparison between musicians and nonmusicians on tests of EF.

4.1 Correlation between musical practice time and executive function
In order to examine whether increased musical training time, or self-reported
musical ability was associated with executive function, a Pearson’s Product-Moment
Correlation analysis was performed. This analysis allowed us to treat musicianship
as a continuous variable, and to evaluate whether increased musical training time
was associated with better EF in the absence of any categories. Musical training
time correlated with SCWT Errors; the more musical experience a participant
reported, the fewer errors on the SCWT, (r(40) = −.405; p = 0.01).

5. Discussion
While music has been demonstrated to have positive associations with EF in
childhood and adulthood, the impact that music has on EF throughout adolescence
is less well understood. Two research questions were investigated: (1) Does musical
training have the same positive associations with EF in adolescence as it does in
young children? (2) Is there a relationship between time spent on musical training
and adolescent EF? The results of this study showed a positive association of musical training with a key contributor to EF: inhibition. Inhibition, as measured by the
SCWT, was the only domain of EF in which adolescents with musical training differed from nonmusicians. Furthermore, the results of the SCWT showed a positive
20

Musical Training Enhances Inhibitory Control in Adolescence
DOI: http://dx.doi.org/10.5772/intechopen.91288

correlation with lifetime musical training (i.e. total number of lifetime practice
hours); the more hours engaged in practice, the better the behavioral inhibition in
adolescence. Once again, the SCWT was the only measure of EF associated with
musical training, indicating that spending more time engaged in musical training
results in greater improvements to inhibition. Taken together, these results indicate
a unique relationship between musical training and inhibitory control.
During the SCWT participants are asked to parse an incoming stream of information and control their responses in a nonintuitive fashion. This is a central skill
set for a musician attempting to properly respond to input from the current sounds,
the sheet music, their fellow bandmates, and the sensorimotor feedback that comes
with performing a piece of music. Musicians must inhibit a large number of possible responses to these stimuli in order to select the actions that will create the
music they wish to produce. Mastering behavioral inhibition to generate the perfect
performance is one feature that makes music so rewarding. Imagine a saxophone
player attempting to sight read a new melody. The musician reads each oncoming
note moments before they have to play it, just like a participant reads the next word
in the SCWT as it flashes on the screen. The musician’s fingers move to carefully
practiced positions, each one unique to the note, just like a participant during the
SCWT taps the correct key, unique to the color.
The fact that adolescent musicians in this sample did not show any improvement in the areas of working memory and cognitive flexibility, was somewhat
surprising given the results of other studies. A meta-analysis including 18 studies
showed improved working memory in children with musical training [24]. Bhide
et al. [25] showed that short-term musical training improved working memory in
a population of 6 and 7-year-olds who were struggling with reading. The children
were engaged in 19 sessions over two months, during which they were given rhythm
training. At the end of the two months children were shown to perform significantly
better on a digit span backwards test of working memory. Zuk et al. [15] found that
working memory and cognitive flexibility was better in both preadolescent children
and in adults with musical training. Puzzling, they report that musical training had
no influence on inhibitory control in either group. This is in stark contrast to the
finding of the present study in which inhibition was found to be most influenced by
musical training. Our finding is consistent with other studies in children and adult
musicians which have shown that improvement in inhibition is the most reliable
effect that musical training has on EF across a variety of tasks, and throughout the
lifespan. Children’s inhibition improves in response to musical interventions and
long-term private music education [3, 12, 14, 15]. Adult musicians have improved
inhibition that persists into old age [17, 26, 27]. The current study demonstrates that
the relationship between musical training and inhibitory control is not disrupted
throughout the tumultuous developmental years of adolescence.
Inhibition may be improved by the dedication required for musical training and
thereby lead children to be more effective in developing their cognitive abilities.
There is evidence that musical training in children improves inhibition more than
other equivalent forms of artistic training. Moreno and colleagues showed that
twenty days of musical training was sufficient to improve performance of kindergarten children on a visual Go-No Go task. The children were trained on pitch,
tempo, melody, voice, and other basic concepts, using a computer program that
focused on listening tasks. These children outperformed an active control group
receiving an equivalent fine arts training [3, 12]. This result suggests that there
is something especially important about music in the development of inhibition.
Furthermore, it appears that musical training is an effective intervention for training inhibitory control. In fact, musical interventions are commonly used to enhance
behavior in children with developmental delays, ADHD, and even autism [28, 29].
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This form of therapy is also used in people with brain injury and neurodegenerative
disorders [30, 31]. Perhaps the common element here is that musical interventions
improve inhibitory control which in turn improves behavioral outcomes.
The benefits to inhibition have been shown to persist in adults with a history of
musical training. Bialystok and Depage [32] showed that musicians performed better
on an auditory Stroop test of inhibition than those with no musical training. This
result was confirmed by D’Souza, et al. [27] using a full battery of inhibition tests,
including the visual Stroop, a flanker task, and an auditory stop signal test. Musicians
showed a significant advantage on each of these measurements compared with
adult nonmusicians. These improvements continue even as people age. In a study of
professional musicians older than age 50 [26], musicians were found to outperform
nonmusicians in a full battery of inhibition tasks. This battery included an auditory
Stroop task, a go-no-go task, a distracted reading task and a Simon task (in which a
color appeared on one side of the screen, and participants had to hit a matching button which was on the same side as the color in congruent trials and on the opposite
side in incongruent trials). Music practice can thus be beneficial throughout life.
It is possible that certain kinds of musical practice improve inhibition better
than others. Bialystok and Depage [32] did not find any difference between vocalists and instrumentalists in their study, however recent findings have suggested that
there may be differences between different kinds of musical training. For example,
percussionists who must keep careful track of time may have better inhibition
than other musicians. A study compared inhibition abilities between vocalists,
percussionists, and nonmusicians between the ages of 18 and 35 [33]. The authors
found that percussionists outperformed both vocalists and nonmusicians in inhibitory control. This finding further supports the notion that musical training which
involves more inhibitory control improves this EF.
5.1 Limitations and future research
The current study has a number of limitations. A relatively small sample size
meant that subdivisions between different types of musicians were inappropriate.
This study only accepted participants in mid and late adolescence, making developmental inferences more difficult. The correlational nature of this study makes it
impossible to make determinations about cause and effect. Finally, the uncertainty
about the relationship between various EF’s, and overlap in how these functions are
measured is a general problem in this field which this study did not address. Future
research could be designed in such a way that tackles these issues and allows for a
more thorough understanding of adolescent EF.
Few studies have explicitly examined distinctions between forms of musical
training, and this should be a priority for future research investigating relationships
between musical training and cognitive abilities. A study directly examining the
differences between vocalists and percussionists in EF found that percussionists
out-performed vocalists, and nonmusicians in the area of inhibition [33]. Previous
research has shown no difference in inhibition between vocalists and instrumentalists, which only serves to make the enhanced abilities of percussionists even more
interesting [32]. The timing of musical training is another factor which might lead
to distinct outcomes. Early musical training has been shown to increase the volume
of the corpus callosum in the brain whereas later training does not [34]. An implication of this finding is that musical training will have a larger effect if it occurs
within early development. These findings indicate that some subdivisions by age of
musical training and by musical speciality may be important to the EF differences
observed here. This study was unable to account for these potential distinctions due
to the limited sample size.
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Extra-curricular musical training means practicing for hours every week. While
other children may take a break, or not have an opportunity to engage in a cognitive
exercise after school, music students are translating dots on a page into music in
the air. This extra period of instruction and practice may itself be the cause of the
improved cognition observed across the board in musicians. It is also true that musical instruction costs money. This means that the average musician may be of higher
socioeconomic status, which could be a potential confound when interpreting the
current results. Intervention studies, where music lessons can be provided regardless of economic status, and musical training that can be compared against equally
challenging programs are needed to address these issues.
While this study does establish a relationship between inhibition and musical
training in adolescents, it is unclear whether musical involvement in the adolescent
years is truly responsible for this improvement. It is possible that childhood musical
training contributes in important ways to the effect observed here. Similarly, it is
possible that adolescents with stronger inhibitory skills are more likely to continue
engaging in musical training even as they gain more independence in the mid adolescent years. In order to address this issue, it would be necessary to give adolescents
musical interventions in the style that has been used to improve childhood EF.

6. Conclusion
The current study examined the relationship between musical training and EF
in mid to late adolescence. Musical training was found to be associated with better inhibition, as measured by the SCWT but not working memory or cognitive
flexibility. Future research should focus on determining causality, and accessing
whether it is feasible to use music to improve inhibitory control in adolescents.
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Abstract
Addiction behaviors are characterized by conditioned responses responsible
for craving and automatic actions as well as disturbances within the supervisory
network, one of the key elements of which is the inhibition of prepotent response.
Interventions such as brain stimulation and cognitive training targeting this
imbalanced system can potentially be a positive adjunct to treatment as usual. The
relevance of several invasive and noninvasive brain stimulation techniques in the
context of addiction as well as several cognitive training protocols is reviewed.
By reducing cue-induced craving and modifying the pattern of action, memory
associations, and attention biases, these interventions produced significant but still
limited clinical effects. A new refined definition of response inhibition, including
automatic inhibition of response and a more consistent approach to cue exposure
capitalizing on the phase of reconsolidation of pre-activated emotional memories,
all associated with brain and cognitive stimulation, opens new avenues for clinical
research.
Keywords: addiction, inhibition, brain stimulation, memory reconsolidation,
cue exposure

1. Introduction
Despite considerable progress in detoxification, pharmacology, and psychological interventions in addictive behaviors, clinical outcomes remain suboptimal
(e.g., high relapse rate or poor quality of life) [1]. The main reason of the poor
clinical outcomes is likely to be related to multiple interacting determinants of
social, psychological, and biological mechanisms involved in the addiction risk
and the relapse, a view that is not compatible with pure essentialism and simplistic
approaches of addiction [2].
Inter-individual variations within the addiction group in respect to neurobiological mechanisms of addiction were highlighted by influential theorizations
[3–9]. Indeed, addictive behaviors can be viewed as the product of an imbalance
between separate, but interacting, neural systems: an impulsive, largely amygdalastriatum-dependent, neural system that promotes automatic, habitual, and salient
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behaviors; a reflective, mainly prefrontal cortex-dependent, neural system for
decision-making, forecasting the future consequences of a behavior, and inhibitory
control; and the insula that integrates interoception states into conscious feelings
and decision-making processes that are involved in uncertain risk and reward. Any
imbalance in the dynamics of these systems can account for poor decision-making
(i.e., prioritizing short-term consequences of a decisional option), and the lack of
willpower [10–12], which heightens the risk for addiction and relapse.
As part of the “executive network” involving ventrolateral prefrontal cortex
and dorsolateral prefrontal cortex, response inhibition interacts with automatic
behavioral (“habit network”) and motivational responses (“reward network”) to
produce flexible actions and adaptive choices. Indeed, the inhibition of a prepotent
response has become an important element of the responsible braking system
and limiting the expression of spontaneous motivation and emotion signals [13].
Indeed, successful self-regulation requires the ability to inhibit impulses that are not
compatible with one’s goals [14].
Importantly, psychostimulant dependence, alcohol dependence, and gambling
disorders have been consistently associated with a response inhibition deficit [5].
However, the deficit in inhibition observed in addiction population is generally
of low or moderate effect size [15, 16]. Nevertheless, even a small effect size can
have clinically relevant effects, as evidenced by the impact of impaired response
inhibition on the risk of dependence and response to treatment [9, 17–19]. Indeed,
response inhibition is considered as a primary candidate for cognitive remediation
that can potentially reduce the risk of addiction and the relapse [20]. As an alternative way consistent with dual-process theories, to limit these risks is to reduce the
need for inhibitory control, for instance, by dampening automatic conditioned
responses (e.g., craving, attentional and memory biases) triggered by contextual
(e.g., the sight of a bottle of beer) or internal (e.g., negative effects) cues. In addition, more automatic forms of response inhibition could be trained in the hope of
enabling individuals to generate appropriate alcohol-stop associations without too
much of an effortful process [21].
In this chapter, we investigate the manner the risk associated with too limited
response inhibition can be reduced by implementing multiple forms of cognitive
training, invasive and noninvasive brain stimulation techniques, and neurofeedback
(NF). It should be noted that an overwhelming majority of neuroscientists engaged
in brain stimulation in psychopathology has truly viewed brain-based interventions
as complementary interventions to clinical treatments such as cognitive-behavioral
therapy and motivational enhancement intervention [22, 23]. Indeed, the beliefs,
desires, emotions, and intentions of patients are essential elements to take into
account [2], which can be modulated by brain- and cognitive-based interventions.
After a brief presentation of response inhibition theories and methods, we
summarize cognitive training intervention in the context of addictive behaviors
as well as three brain stimulation techniques (i.e., deep brain stimulation, electric
and magnetic brain stimulation) and finally protocols of neurofeedback. We then
develop more complex clinical and research concepts (e.g., combined cognitive
training and brain stimulation along with cue exposure interventions).

2. Executive functioning, response inhibition, and self-regulation:
terminological and theoretical clarifications
Numerous terms have often been used to describe similar concepts. For example,
concepts such as self-regulation, inhibition, executive function, cognitive control,
effortful processes, impulsivity, risk-taking, and disinhibition are sometimes clearly
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delineated but sometimes are used as synonyms or closely related concepts [24].
Attempts to clarify those concepts (e.g., the degree that some of those constructs
overlap) have been scarce but mostly suggest that intrinsic aspects of regulation,
self-regulation, serve as an umbrella concept that encompasses top-down and
bottom-up processes that mutually influence one another [24–26]. Naturally, the
influence of extrinsic aspects of regulation, that is, facilitated or hindered selfregulation due to others’ mind and action, is far to be negligible and should be
considered to fully apprehend the determinants of dysregulated actions, such as
addictive behaviors [27, 28].
2.1 Inhibition in definition
As suggested by William James, “Voluntary action, then, is at all times a resultant of the compounding of our impulsions with our inhibitions” [29]. In order to
control the desire, the reason takes place as represented like Plato seeing the will as
a charioteer attempting to control two horses (one of desire and one of reason) in
Phaedrus. For both Hippocrates and Aristotle, the body and mind are not independent, but each influences the other. Long after, the fundamental duality between
reason and emotion conferred to will the essence to control (or inhibit) action and
emotion. A few decades later, Sherrington was awarded the 1932 Nobel Prize for
Physiology and Medicine for his contribution to our understanding of inhibition in
neurophysiology, which consolidated the concept.
Although creating a sense of comfort in theorizing, the explanation (e.g., brain
structure in the frog that inhibits a spinal reflex) based on similarity to excitatory or
inhibitory functions of the nervous system (i.e., neurons can serve either functions)
that strong impulses can be impeded through the implementation of inhibition
remains a debated matter [30].
Because of this warning, presenting an operational definition of “inhibition”
remains an adventurous venture, not only because of the weight of its intuitive load
(e.g., cognitive inhibition is equivalent to neural inhibition sometimes as metaphor)
but also because of the phenomenon and explanation conflation or a confusion
between a causal process and a functional relationship [31].
In most cases, response inhibition mainly refers to the suppression of actions
that are no longer required or that are inappropriate, which supports flexible and
goal-directed behavior in ever-changing environments [32]. As such, given its role
in supervising ongoing thoughts and action in working memory, response inhibition has been considered as a hallmark of executive functions [33, 34]. As a form
of top-down (intentional) inhibition process, prepotent response inhibition refers
to deliberate inhibition operating on basic and reactive elements of action, which
is essentially non-automatic and represents a cost. Intentional control depends on
motivation and capacity [35]; it is subjectively deliberate, slow, and sequential; and
it requires working memory and is capacity-limited.
However, a growing amount of data challenged this strictly hierarchical view
[36, 37]. Indeed, executive control emerges from an interactive and competitive
network generating biases in advance and is strongly influenced by personal recent
and past experiences. Indeed, humans automatize as much as possible; hence apparent intentional inhibition can in fact operate automatically for particular contexts,
due to context-inhibition associations made through learning. For instance, on
the stop-signal task [32], when people are informed that they may have to stop a
response in the near future, they typically slow down operation through altering
activity in lower-level systems that are involved in stimulus detection, action selection, and action execution [38]. Put differently, instead of relying only on executive
functioning, low-level and high-level systems work together for self-regulation.
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Figure 1.
Executive function classification proposed by [33].

Although closely related to executive functioning, response inhibition can be
distinct from other forms of executive functions such as working memory update
(i.e., the ability to replace information stored in working memory with new information) and switching (i.e., the ability to shift attention to other tasks or perceptual
dimensions) [33] (see Figure 1).
Based on latent variable analysis, several forms of response inhibition could be
distinguished [39–42]. A first distinction has been made between the inhibition
of prepotent response and the resistance to distracter interference. However, the
robustness of this two-factor solution remains questionable in light of low correlations between inhibition measures, when the contribution of memory processes
was intentionally reduced [41]. It follows from this discussion that studies using a
single laboratory paradigm for assessing or investigating inhibition do not warrant
generalization beyond the specific paradigm studied.
More fine-grained forms of inhibition have been put forward across the years
[39, 41]. Indeed, resistance to proactive interference consists of resisting memory
intrusions from information that was previously relevant to the task but has since
become irrelevant.
A second categorization relies on the degree of anticipation and preparation of
response inhibition [43, 44]. Reactive inhibition (or reflexive inhibition) is a form
of inhibition that one can implement without anticipation (e.g., stopping the car
when an animal unexpectedly jumps on to the road). Proactive inhibition refers to
the impact of inhibition preparation on the inhibitory performance (e.g., keeping
one’s foot close to the brake after passing a warning sign for animals on the road).
Possibly because proactive form of response inhibition requires much more than
just inhibition, as attested by shared brain contribution of both forms of inhibition
(the right inferior frontal gyrus, supplementary motor area and striatum) and also
specific engagement of working memory-related regions (i.e., dorsolateral prefrontal region) [45], proactive inhibition may be more ecologically valid than reactive
inhibition [46].
Sufficient agreement can be found on the contributions of these different inhibitory control mechanisms as measured by a variety of cognitive tasks described by
Friedman and Miyake [39]. The list of tasks includes the color Stroop, anti-saccade,
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stop-signal, simon, global-local, and negative compatibility tasks that could share
a component of inhibition of prepotent response; the letter flanker, the number
Stroop, arrow flanker, and negative compatibility as well as the task assessing n-2
repetition costs tend to assess resistance to distracter interference.

3. Response inhibition and addiction
Consistent with the previous discussion, response disinhibition is an important element of modern addiction models [6, 9], and empirical data support this
claim, particularly for gambling, psychostimulant, and alcohol addiction [5]. By
conferring a central position to response inhibition, brain imaging and behavioral
studies demonstrated abnormal functioning in individuals at risk to develop an
addictive behavior, in addicted people, and in individuals who relapsed [9, 47, 48].
Indeed, a variety of response inhibition deficits are present in numerous forms of
reinforcement pathologies (e.g., tobacco dependence [49, 50], alcohol disorder
[51, 52], eating disorders [53, 54], gambling disorder [55] (but see [56])). Second,
those deficits can predict relapse in drug and behavioral addiction [18, 57, 58], and
research suggests that recently abstinent addicts experience heightened difficulties
with response inhibition [59, 60]. Thirdly, the inability to stop one’s actions, due
notably to early stressful life events and negative parent–child interaction [61], can
influence behavioral and substance addictions later in life [17, 61].
In addition, it should be noted that impaired response inhibition has a strong
impact in important aspects of decision-making. For instance, impaired prepotent
response inhibition in alcoholics was associated with poorer performance on the Iowa
gambling task [62], which requires participants to deal with uncertainty in a context
of punishment and reward, with some choices being advantageous in the short
term (high reward) but disadvantageous in the long run (higher punishment) and
known for its ecological validity of decision-making [63–65]. Risk-taking could also
be modulated through inhibitory control engagement, with participants being more
cautious once anticipating to suppress their response [66]. Unfortunately, the benefit
of this form of inhibitory training is fragile and transitory [67]. Besides, data from a
sample of pathological gamblers revealed no effect of this procedure on risk-taking
[68]. Finally, prepotent response inhibition can moderate the behavioral expression
of implicit cognition [69]. Indeed, the impact of implicit cognitive processes on
drinking behavior should be stronger in individuals with relatively weaker executive
control than in individuals with relatively good executive control, as shown by using
the classical Stroop interference scores [70]. Conversely, among adolescents with
relatively good executive control, explicit expectancies were the best predictor of
alcohol use [71].
In theory, prepotent response inhibition can directly be involved in myopic
decision, that is, a preference for dominant sooner-smaller at the detriment of less
salient larger-later decisions [72]. Steeper delay discounting rate is indubitable in
individuals with addiction [73], which concurs to the risk of addiction and treatment response [74, 75]. In support of the existence of a relationship between prepotent response inhibition and short-termism, decreased gray matter volume in lateral
prefrontal regions is associated with greater impatience [72, 76]. However, the level
of inhibitory control, as typified by the stop-signal reaction time of the stop-signal
task [32], and preference for large delayed rewards, as assessed using delay-discounting paradigms, are generally not correlated in both healthy participants [77]
and clinical populations (e.g., in patients with attention deficit/and hyperactivity
disorder) [78], which suggests that response inhibition and delay discounting are
independent factors, each of them contributing to addiction.
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4. Cognitive training
As mentioned earlier, several findings argued in favor of cognitive-based interventions aimed at targeting response inhibition as an assistant in preventing relapse
in addicted population.
Amending those deficits is a huge endeavor and ways to achieve it is still a
debated matter [79]. This section elaborates on several cognitive training interventions (CTI) that potentially impact positively on inhibition-related processes in
individuals with reinforcement pathologies.
4.1 Restoring inhibitory control
Two contrasting approaches have been used to evaluate response inhibition training on substance use disorders and behavioral addiction: general stop inhibition with
classical paradigms assessing prepotent response inhibition or with versions adapted
to the type of addictive behaviors (e.g., alcohol Stroop test or cocaine go/no-go task).
Although there is no conclusive evidence of true increase in inhibitory control in
response to extensive training with standard go/no-go or SST tasks in adults [80],
training of inhibitory control reduced monetary risk-taking [66] and alcohol-seeking [81]; even this effect is small and short-lived [67, 68], which could potentially
explain why some studies failed to observe far-transfer effects [82].
In contrast to some studies using formal training of working memory (e.g., [83])
to evaluate their direct impact on unhealthy behaviors (e.g., alcohol abuse),
which can be positive in nonclinical samples [84], but not clinical population [85],
modified versions of response inhibition tasks have served as training paradigms
[79, 86–90].
During “inhibitory control training” (ICT), participants complete an inhibitory control task (go/no-go task, stop-signal task, anti-saccade task) in which the
requirement to exercise inhibitory control is paired with cues related to healthy
behaviors, before the effects of this training on the target behavior are measured
(for reviews, see [79, 89, 91]). For example, when a group of participants in
whom inhibition was paired with neutral cues was compared, participants who
completed a stop-signal task in which alcohol images were paired with inhibition
subsequently led to reduced ad libitum alcohol consumption in the laboratory,
but not self-reported drinking in the week after training [90]. In the same vein,
participants who learned to associate food images with inhibition on a go/no-go
task subsequently consumed less of those foods when given access to them [88]. In
contrast, training of oculomotor inhibition in the presence of alcohol-related cues
led to slowed eye movements toward target cues on catch trials, but this manipulation failed to influence the proportion of inhibitory failures and had no influence
on alcohol consumption in the laboratory [90]. Initial results indicated that the
relationship between behavioral inhibition and alcohol intake may be causal, possibly to the ecological value of alcohol motor response inhibition paradigms (e.g.,
picking up a glass of alcohol beverage may be directly targeted by motor inhibition
training), and training of oculomotor inhibitory control is far less convincing.
Meta-analytic approach [89, 91, 92] demonstrated that the effect of ICT on
behavior was dependent on the task used. In theory, research on inhibition have
led to the recognition that there are at least two types of inhibitory control: action
restraint in which the decision to inhibit is made from the onset (go/no-go tasks)
and action cancelation in which the decision to inhibit occurs after implementation
of the prepotent response (stop-signal task) [93, 94]. However, the meta-analyses
reveal that the higher the proportion of successful inhibitions of appetitive signals,
the greater the magnitude of the effect of ICTs. Indeed, studies found a larger and
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more statistically robust ICT effect size when go/no-go rather than stop-signal
tasks are used. One reason for the superiority of training action restrain on action
cancelation [95, 96] is that compared to go/no-go tasks, stop-signal tasks have
a lower rate of overall stop success that ends up hindering the development of
strong stimulus-stop associations [53, 95]. Instead, go/no-go tasks feature strong
stimulus-stop association due to the rate of successful inhibitions reflected in the
number and proportion of stop-stimulus pairings, which in turn moderate the
effects of training on unhealthy behavior. It is still in debate to ascertain what
repeated stop-stimulus pairings could cause: better intentional inhibitory control
over impulsive action [97], facilitated automatic retrieval of stimulus-stop associations [21, 37, 98], or diminished motivational properties of target information
[99–101]. The issue of which mechanisms mediate the relationship between cognitive training paradigms and behavioral changes remains highly complex for several
reasons. First, the size of behavioral change is at best rather small and does not
survive more than a couple of hours [67]. Besides, it remains to be seen whether
the control condition used in most of the studies where participants are required
to rapidly respond to appetitive stimuli as often as inhibiting responses contributes
to inflated effect size of ICT [89]. Second, there is no clear consensus on theoretical constructs such as motivation, where generally there is a weak relationship
between implicit and explicit measures of stimulus evaluation [102]. Indeed,
whereas a majority of studies using implicit motivational measures demonstrate
no effect of inhibition of cognitive training on stimulus devaluation, other studies
using Likert scale or other explicit procedures [101] demonstrated devaluation
effects following this sort of intervention [103–105].
To sum up, general or cue-specific inhibition training has yielded only modest
clinical results, and mechanisms remain to be elucidated.
4.2 Cognitive bias modification
Cognitive bias modification consists of pairing alcohol-related content with
action tendencies, classically pushing a joystick in response the alcohol-related
images and pulling the same joystick in response to soft drinks [106, 107].
Cognitive and clinical effects of this procedure have been compared to sham
training conditions requiring an equal number of approach and avoidance movements to both alcohol and soft drinks pictures (i.e., no stimulus-response contingency). Main original outcomes are (a) reduced alcohol approach-related biases
indicated with the implicit association task and (b) reduced alcohol relapse up
to 1 year after the training. As suggested, an important mediating effect was the
building of an alcohol-avoidance bias [106]. The clinical efficacy of this approach
regardless of patients’ characteristics (age, number of prior detoxifications, etc.)
has shown to be too limited to be integrated as such in clinical settings. Indeed,
on a meta-analysis of 14 studies (mainly for alcohol and tobacco use problems)
involving 2435 participants [22], the authors found a small, nonsignificant overall
effect on cognitive bias assessed directly after the completion of the training
intervention. In addition, neither smoking nor alcohol reduction was found in
response to training intervention. In the same vein, a recent meta-analysis “cast
serious doubts on the clinical utility of CBM interventions for addiction” [108]. In
response to this assertion, influential researchers in the field, Wiers et al., argued
that this analysis combined the results of laboratory and randomized controlled
trials, which may underestimate CBM’s actual effectiveness when incorporated
into regular therapy [109].
In addition to those theoretical and methodological limitations, several
moderators could hinder yet existing ICT effects. It is the case of the degree of
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readiness to change, that is, the goal to gain control over harmful behaviors that
make the ICT intervention more congruent with the participant’s mindset, hence
potentiating its effects [110]. Another source of variation in the effect of ICT
could be the strength of appetitive responses to food cues [111], with the effects
of ICT on behavior being proportional to the strength of appetitive responses to
cues before ICT [112, 113]. Whether individual differences in attempts to limit
drinking, smoking, or gambling moderate the effects of ICT on alcohol intake
is a promising avenue for future research. Put together with current literature
revealing substance-specific relapse (and vulnerability)-related impairments, it
is recommended to investigate cognitive training programs based on a patienttailored protocol [114].

5. Brain neurostimulation techniques
5.1 Brain stimulations: noninvasive and invasive techniques
Effects of brain stimulation of basic processes, neurochemical regulation,
and cognitive and affective processes at the system level have revealed promising results when applied to addiction treatment (for reviews and meta-analyses,
see [23, 115, 116]). The most used stimulation techniques include deep brain
stimulation, repetitive transcranial magnetic stimulation, and transcranial direct
current stimulation known for their effect on self-regulatory processes and possibly acting on several forms of response inhibition.
5.2 Invasive brain stimulations
5.2.1 Deep brain stimulation
Despite ethical concerns due to potential serious side effects [117], deep brain
stimulation has expanded from successful thalamic stimulation for Parkinsonian
tremor (for a review, see [118]) to psychiatric conditions including addiction
[23, 115, 116]. DBS is a neurosurgical procedure involving the placement of a
neurostimulator, often called “brain pacemaker,” which delivers electrical impulses
through implanted electrodes to specific brain regions related to abnormal functioning characterizing neurological and psychiatric conditions.
Back in the 1980s, BDS was introduced as treatment for movement disorders and
became well known for treating the tremor of patients with Parkinson disease [119].
During the 2000s, it started to be applied in psychiatric disorders when the pathology is treatment-refractory: in obsessive-compulsive disorder (OCD) [120] and in
major depression [121]. DBD gained interest as a means to treat addiction as soon as
studies reported unintended alleviation of comorbid alcohol [115], nicotine [122],
and gambling [123] addictions.
As reviewed by Luigjes et al. [124], based on a total of eight studies, bilateral
high-frequency NAc stimulation in heroine dependence came with reduced craving
and prolonged abstinence. In addition, animal studies have provided evidence that
NAc DBS dampens impulsivity [125, 126], which represents a core aspect of addictive behaviors [127].
However, because of the absence of double-blind controlled trials in addiction, the cost and the invasiveness of the procedure, as well as the lack of
consensus regarding its clinical efficacy and the encountered difficulties to
recruit motivated participants [128], DBS to treat addiction could suffer from
feasibility issues.
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5.3 Noninvasive brain stimulations
Because they offer a safe economical way to modulate brain activity, techniques
such as repetitive transcranial magnetic stimulation and transcranial direct current
stimulation are growing in popularity for interventions in psychiatric disorder
[129, 130]. They are so-called noninvasive to reflect the fact that the magnetic
pulses are delivered from a coil placed over the scalp, without a surgical intervention (in contrast to DBS), which contributed to its popularity as techniques for
modulating brain activity over the past two decades. Although recent reviews
repeatedly recommended more clinical trials before firm conclusions about their
efficacy could be drawn [124], their effects on key addictive-related phenomena
(e.g., craving, impulsivity) are noteworthy [131].
5.3.1 Repetitive transcranial magnetic stimulation
Repetitive transcranial magnetic stimulation delivers in a time interval a magnetic pulse through the skull via a stimulating coil. The magnetic field involves a
focal electrical current, depolarizing underlying cortical neurons. The intensity,
duration, properties, localization, and frequency directly influence the effects. Low
frequency (1–5 Hz) tends to produce inhibitory effects and fits well the intention of
downregulating activity in the targeted regions [132, 133]. High frequency (10–20
Hz) tends to produce excitatory effects on the stimulated brain area. However,
substantial inter-individual responses to both low- and high-frequency stimulation
have been reported [134]. By using either figure-of-eight coils or H-coils known
to produce highly focal stimulation in superficial cortex or deeper intracranial
penetration to a more central target, respectively [135], the clinical influence of a
variety of clinical phenomena has been investigated.
rTMS and addictive behaviors: The most frequently used rTMS setup has been 10
sessions of stimulation on either the right DLPFC with a high frequency or the left
DLPFC with lower frequency. In nicotine addiction, frequently reported findings
include reduced transitory (no longer than several weeks following the intervention) cue-induced craving for cigarette as well as lower nicotine consumption
[136, 137]. Interestingly, an important placebo effect has been repeatedly found
in rTMS studies. Indeed, a reduction in the daily consumption of alcohol [138] or
cocaine [139] has been found in response to both active and sham stimulation. In
the same vein, although a reduced attentional bias toward alcohol cues has been
found in response to high-frequency left DLPFC rTMS, all participants (irrespective of their stimulation condition) reported a reduced craving [140]. The placebo
response should be due to a concurrent treatment regimen, which too often is missing from these studies, and better study designs should involve participant blinding.
Regarding the clinical impact of rTMS in behavioral addiction (e.g., gambling
addiction, binge eating), the insufficient number of controlled trials prevents drawing conclusion [23].
An important issue to be discussed is the potential cognitive mediators of rTMS
effects in addicted subjects. In theory, a reduction in craving intensity and in substance use could be mediated by improved response inhibition or mental flexibility
or a change in salience or automatization. No effects above sham stimulation were
found on prepotent response inhibition evaluated by a go/no-go task [141].
Although DLPFC is critical for cognitive-executive functions, stimulation of
medial regions tends to influence affective-motivational functions [142]. This
region along with others such as the insula is important for the selection of longterm over short-term reward, an interplay that may be abnormal in individuals
with addictive behaviors [143, 144]. Magnetic stimulation of the medial prefrontal
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cortex may bias the preference for delayed, over sooner, rewards [145]. However,
this encouraging view has been recently tempered by a study reporting the absence
of effect of rTMS targeting the medial prefrontal cortex on impulsive choice on the
delay discounting task in pathological gamblers [146].
In contrast to rTMS that requires 20–30 min of stimulation time to achieve its
full effect, theta burst stimulation (TBS) protocols could achieve similar efficiency
by employing protocols lasting between 20 s and 3 min that induce NMDA receptor-dependent long-term potentiation and long-term depression [147]. A recent
meta-analytic review [148] that focused on healthy participants on the prefrontal
cortex with theoretically linked cognitive test performance as the outcome revealed
that uninterrupted train of TBS decreases performances on measures of inhibitory
control, attentional control, and working memory, whereas intermittent TBS has
positive effects on executive functions (but not likely ceiling effects). Future studies
comparing different magnetic stimulation protocols should be conducted in the
context of addictive behaviors.
5.3.2 Transcranial direct current stimulation
Transcranial direct current stimulation involves delivering low-intensity electric
current (typically 0.5–2 mA) via electrodes placed on the scalp and/or upper body.
Cortical excitability is modulated by a polarity-dependent shift of the neuronal
membrane potential [149, 150]. On the macroscopic level, anodal stimulation
enhances cortical excitability via depolarization and long-term potentiation,
whereas cathodal stimulation inhibits excitability via hyperpolarization and
long-term depression [149]. The density, duration, and direction of the current that
comes into contact with underlying neurons determine the strength and direction
of neuromodulation [149, 150]. After an initial subthreshold depolarization or
hyperpolarization of neuronal membrane potentials that increases or decreases the
likelihood of spontaneous neural firing, facilitation of long-term potentials or longterm depression occurs [151]. tDCS modulation of the action potentials even lasts
beyond the stimulation period [149, 150], and several neuromodulation sessions
could increase the duration of the effects [152].
tDCS as an intervention in addictive disorders: a recent review [23] showed that
seven published studies have focused on the impact of tDCS on various measures
related to substance addiction. Despite important inter-individual differences in
response to tDCS [153], most preeminent effects were found on craving reduction [154]. In addition, mixed results were found with respect to executive control
functions [124, 131, 155, 156]. Importantly, in healthy controls no improvement was
found after tDCS stimulation of bilateral DLPFC stimulation of either right anodal/
left cathodal or left anodal/right cathodal on decision-making under risk (e.g., balloon analogue task), an absence of effect possibly due to a ceiling effect [157].
The benefit from reducing cue-induced craving for clinical population could be
pertinent. Indeed, pressing, urgent, and irrepressible desire to drink or to smoke
has been strongly associated with loss of control, leading to a high relapse rate [158].
However, the mediating effect of craving variation in response to tDCS on relapse is
not obvious. For instance, in a tDCS study in patients with alcohol dependence (two
daily stimulations 5 consecutive days on left cathodal/right anodal over the dorsolateral prefrontal cortex), no differences with regard to changes on scores of craving
were found despite an improved overall perception of quality of life and reduced
relapse probability in several alcoholics [159]. In nicotine addiction, right anodal
stimulation on the DLPFC reduces craving with minimal heterogeneity, whereas
cathodal tDCS on this region showed the most positive effect on cue-provoked craving and smoking intake [154]. However, this craving reduction, which may be due
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to increased control on cue reactivity, could be too small to positively impact cigarette use. Indeed, as compared to sham, active tDCS significantly reduced smoking
craving and increased brain reactivity to smoking cues within the right posterior
cingulate, as measured with a functional magnetic resonance imaging event-related
paradigm, but failed to diminish the number of cigarettes smoked (see also [160])
and the exhaled carbon monoxide 1 month following the stimulation [161].
Regarding the association between tDCS and food, reduction of food craving
[162–164] and calorie intake [97] in healthy subjects and reduced craving for food
in overweight subjects [165] have been reported.
Mediating processes involved in brain stimulation of the PFC is likely to be more
complex than previously expected. It was demonstrated that anodal tDCS applied
over frontoparietal regions has previously been shown to enhance attention and
executive control functions [166–168], but the effects are limited and non-lasting.
Working memory, depending on the stimulation modalities, can be a valid
candidate mediator [169]. As a multicomponent system responsible for temporary
storage and manipulation of information, working memory sustained emotional
regulation [14]. Because many psychiatric disorders are associated with working
memory impairments, it may be useful to improve the transient “online” manipulation of emotional thoughts in treatment rehabilitation.
Response inhibition is another good candidate mediator of the relationship
between tDCS and clinical change. For instance, a recent study showed that tDCS
over the right inferior frontal cortex made healthy participants more efficient
in proactive, but not reactive, inhibition [170]. In another study, tDCS over the
pre SMA during a stop-signal task increases activity in the pre SMA after anodal
stimulation during stop trials and was associated with improved inhibitory control
[171]. Finally, after applying tDCS over the rIFG, two studies [170, 172] observed
a decrease in P3 amplitude during no-go and/or stop trials in anodal compared
to inactive stimulation. The clinical value of those results in the case of addictive
behaviors remains to be seen. One possibility is that a reduction of P3 amplitude
during successful response inhibition on a go/no-go task in response to tDCS could
be a protective factor for the risk of relapse in vulnerable alcoholics, that is, those
with greater amplitude of P3 [173].
The clinical impact of tDCS on substance use can be still more subtle. For
instance, in obese participants, electric brain stimulation on the DLPFC facilitated
the transition between unconscious and conscious perception of appetitive stimuli,
a phenomenon particularly pronounced in participants with higher body mass index
[174]. Those findings could have an impact on craving regulation, via augmented
awareness of implicit determinants of craving, enhancing the risk of relapse.
Although the proposed cognitive mediators presented in this section showed
promising results, their clinical relevance is still tentative. Much more data is
needed to achieve a better comprehension of the impact of tDCS on addictive
behaviors.
5.3.3 Neurofeedback
In neurofeedback, participants learn to modulate their own brain activity
through feedback. The main goal is for participants to develop effective self-regulation strategies to increase desired brain activity. Functional magnetic resonance
imaging neurofeedback (fMRI-NF) and electroencephalography neurofeedback
(EEG-NF) are the most developed configurations [175], each with its strengths and
weaknesses [176, 177]. Higher spatial resolution and broad brain coverage characterize fMRI-NF [178], while EEG-NF has very good timing but low spatial accuracy.
In EEG-NF, it is possible to modify neuronal oscillations in specific frequency
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domains associated with functions such as attention or relaxation. fMRI-NF and
its variant, real-time fMRI [179], provide direct feedback to modulate (increase or
decrease) neuronal activity in the regions of interest [180]. With fMRI-NF, brain
regions of interest are defined a priori on the basis of consensual articles describing
which neurocognitive networks are altered and predictive of low use of controlled
substances [181]. In EEG-NF, critical oscillations in certain frequency bands have
been associated with mental states (e.g., alpha and theta frequencies for a relaxed or
meditative state, beta rhythm, or sensorimotor for inhibition).
In the context of addictive behaviors, alpha-theta and the alpha-theta augmented with SMR training represent the two main protocols of EEG-NF. As pointed
out by [23], only a few studies have reached a reasonable quality (only one study
used a control condition matched in time) [182], which makes it difficult to determine which protocol provides the best results. However, in two studies [182, 183], a
reduction in the number of false alarms (i.e., response to no-go trials) on a go/no-go
task was observed in participants who received EEG-NF rather than an alternative
treatment. It is interesting to note that sensorimotor interferences can be reduced
in healthy participants who undergo SMR neurofeedback training, which they have
learned to voluntarily increase, resulting in better cognitive performance [184].
With respect to fMRI-NF, an analysis based on eight studies [23] revealed that six
of them performed on nicotine addiction showed better regulation at the level of the
anterior part of the cingulate gyrus directly associated with a decrease in the desire to
smoke [185]. In alcohol addiction, reduced craving was achieved by modifying activity
in the ACC, PFC, and insula [186]. Further studies should explore reward (e.g., ventral
striatum) and control processing before the clinical relevance in addiction could be
confirmed and mediating factors (e.g., prepotent response inhibition) identified.

6. A step forward: combined interventions with retrieval-extinction
techniques
Coupling brain stimulation with other pharmacological and non-pharmacological interventions may provide further knowledge about individual brain oscillation
states across several montages and voltages as well as long-term structural and
functional effects of brain stimulation on addicted patients [187]. These proposals
will certainly make better use of brain stimulation techniques and therefore optimize their clinical effects (Table 1).
Here we focused more on the effects of combined interventions to improve
clinical efficacy. Combined methodologies have provided positive clinical results
in a variety of psychiatric conditions [188]. From a broad perspective, the use of
neuromodulation techniques to promote brain plasticity [189, 190] while exerting
response inhibition, extinction learning, or cognitive restructuration may help
regain control over prepotent actions.
As shown in Table 2, only five studies used several combined approaches in the
context of substance use disorders. The results are rather disappointing. Indeed,
in five out of five studies, no interaction between brain stimulation and cognitive
manipulation was found, indicating that tDCS did not add any clinical value to
behavioral training. However, two studies have examined the combined effects
of left anodal tDCS on DLPFC and cognitive-behavioral modification (CBM) in
high-risk drinkers undergoing or not treatment. In the high-risk drinker sample,
1.0 mA was administered on left DLPFC during three CBM sessions for 3 to 4 days.
No effect of CBM or tDCS was observed on approach bias or alcohol consumption.
However, participants reported a reduced craving during a signal responsiveness
task [191]. In treatment seekers, 2.0 mA over left DLPFC over the course of four
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Brain stimulation and investigation techniques
Deep brain stimulation (DBS)

A small device, similar to a pacemaker, is surgically implanted to
deliver electrical stimulation to targeted areas of the brain

Transcranial direct current
stimulation (tDCS) and its
variant, the transcranial
alternating current or random
noise stimulation

Allows changes in cortical activity to be generated by inducing a direct
low-intensity (1–2 mA) current in the brain

Repetitive transcranial magnetic
stimulation (rTMS)

Induces repeated single magnetic pulses in the brain to modulate
cortical activity

Event-related potentials (ERP)

By means of electrodes placed at various points on the scalp and
amplified through an EEG machine, the ERP measures electrical
potentials generated by the brain in response to specific internal or
external events (e.g., sensory, cognitive, or motor stimuli)

Function magnetic resonance
imagery (fMRI)

To detect regional and time-varying changes in brain metabolism and
blood oxygenation

Cognitive training and related cognitive functions
Domain-general cognitive
training

A structured practice of mental abilities that are used to solve complex
tasks regardless of their content (e.g., working memory)

Domain-specific cognitive
training

A structured practice of mental abilities where the semantic content
of the processed information is controlled (e.g., negative emotional
words or alcohol-related content)

Cognitive biases

These refer generally to unidentified or inaccurately identified
attitudes or stereotypes, but in the present essay, we reported
attentional, memory, and action tendency biases as normal and
abnormal manifestations of domain-specific processing (e.g.,
attentional engagement toward smoking cues in deprived smokers)

Cognitive deficits

Describes a deviation from the normal functioning of general
cognitive domains (e.g., episodic memory, executive functioning)

Executive functions

Partially independent, top-down processes reflecting goal cognitive
corresponding to an internal goal are involved in the control of
behavior, emotions, and cognition. The updating of the relevant
information, the inhibition of prepotent impulses, and the mental set
shifting are core functions

Proactive control

Refers to expectancy-based activation of cognitive control
(maintaining goal activation to bias responding) prior to an
anticipated conflict or challenge. In contrast, reactive control refers to
the activation of cognitive control after a change or conflict is detected

Working memory

The ability to hold multiple things in mind at once while mentally
manipulating one or more of them (e.g., updating)

Interference control

Ignoring (inhibiting, suppressing, or deactivating) internal or
external competing information to protect working memory or to
focus attention on goal-relevant information

Prepotent inhibition response

Refers to the suppression of actions that are no longer required or that
are inappropriate, which supports flexible and goal-directed behavior
in ever-changing environments

Self-regulation

Encompasses cognitive control, emotion regulation, and top-down
and bottom-up processes that alter emotion, behavior, or cognition
to attempt to enhance adaptation (or to achieve an explicit or implicit
goal or goal state)

Learning-related concepts
Conditioned stimulus
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A previously neutral stimulus that has been learned to predict an
outcome; the presentation of the stimulus evokes the memory of the
previous learning
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Extinction

The presentation of a conditioned/learned stimulus now in the
absence of the previously associated outcome; this results in the
temporary decline of subsequent memory expression

Learning

The behavioral changes of an organism are the result of regularities in
the environment of that organism

Reactivation

Re-exposure to memory reminders, which may result in
destabilization of the previously learned neural representation of
memory

Retrieval

A reminder results in recollection of the previously learned memory;
the term encompasses the multiple processes from reactivation of
the neural memory representation to behavioral expression of the
memory

Reconsolidation

The active process that is necessary to restabilize a reactivated/
destabilized memory; disruption of reconsolidation results in
memory impairment, while new information is incorporated during
reconsolidation into an updated memory

Reactivation-extinction
(retrieval-extinction)

The combination of memory reactivation (usually via a reminder that
results in memory retrieval) and, after a brief interval, subsequent
extinction

Table 1.
Definitions and glossary of major terms as relevant in the current essay.

training sessions in 4 consecutive days was used [192]. No significant interaction
effect for the full sample was found. However, in this study, there were some indications of a boosting effect of tDCS and CBM, such that relapse was lower in this
group at the 1-year follow-up.
More encouraging evidence for the usefulness of a combined approach comes
from research on patients with mood disorders. For instance, participants with
social anxiety disorder had a significant decrease in attention bias for threatening
signals during single anodal stimulation as opposed to simulated stimulation [196].
In obsessive-compulsive disorder, exposure to information aimed at generating a
conditioned response (e.g., increase anxiety in response to a risk of contamination)
has been tested in combination with tDCS [197] or rTMS [198]. Indeed, by using
a personalized provocation of symptoms aimed at generating an appropriate level
of distress, the goal was to activate the corresponding neural circuit. During brain
stimulation, people were asked to think about provocation (“Please keep thinking
about your dirty hands”). Positive results were found in this combined setting
(brief exposure therapy + tDCS or rTMS). In the field of nicotine addiction, one
study has shown that it is advantageous to use a challenge with actual exposure to
tobacco signals just prior to the rTMS high-frequency stimulation treatment [199].
It should be noted that this approach requires that the interventions be individualized according to the conditioned responses involved in the addictive process.
Brain stimulation techniques could also be advantageously coupled with
interventions targeting the learning process of extinction in addictive disorder.
Extinction refers to the disappearance of a conditioned behavior in the absence of
positive or negative reinforcement [200]. Extinction is the basis for an intervention
based on exposure, a primary treatment for a variety of psychiatric conditions,
including addiction [201]. Unfortunately, the extinguishing procedures did not
simply wipe out the conditioned responses of the past, as shown by the return of the
targeted behavior by extinction which is again apparent after the passage of time,
after the presentation of the unconditioned stimulus, and when extinguished signals are encountered outside the extinction context [201]. Instead, extinction may
be a new form of learning that exists with extinction memories in distinct neural
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Condition

Electrophysiological
and behavioral
effects of combined
tDCS and Alcohol
Approach Bias
Retraining (AABR) in
hazardous drinkers

A clinical trial with
combined tDCS and
Alcohol Approach
Bias Retraining in
alcohol-dependent
patients

Studies

den Uyl
et al. [191]

den Uyl
et al. [191]

N
78

91

Exclusion
criteria
tDCS criteria*

tDCS criteria*

Inclusion
criteria

Heavy drinkers
want to reduce
drinking
Dutch-speaking
18–35 years
AUDIT > 8
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Individuals
with AUD
under a
3-month
hospital
treatment
47 (8.8)

21.8 (3.2)

Mean age
(SD)

30/91

51/27

Female/
male

• Active tDCS separate
from active training

• Sham tDCS during active
training

• Active tDCS during active
training

Three groups in parallel
design:

• Sham tDCS
during sham training

• Active tDCS during sham
training

• Sham tDCS during active
training

• Active tDCS during active
training

2 × 2 factorial design:

Design

Four sessions of
AABR** while
receiving tDCS
over DLPFC (20
min, 2 mA; 35 cm2
anode F3 and
100 m2 cathode F4)

Three sessions
of AABR** while
receiving tDCS
over DLPFC (1 mA
for 15 min; 35 cm2
anode F3 and
100 cm2 cathode
over contralateral
supraorbital
region)

Experimental
condition

3-month,
1-year
abstinence
follow-ups,
craving
intensity,
approach bias

Alcohol use,
craving, AAT,
IAT, EEG P300
Quantity of
alcohol use
at month
follow-up

Outcome
measures

No effect of
repeated CBM
and/or tDCS
on 3 months
of abstinence
duration,
craving, and
alcohol biases,
except a trendlevel effect of
active tDCS
during active
training on
relapse rate at 1
year only when
comparing to
sham tDCS
(p = .07)

No effects
on EEG and
behavioral
measures of
repeated CBM
and/or tDCS,
except for an
effect of tDCS
on induced
craving
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Condition

Clinical trial with
combined tDCS and
Attentional Bias
Modification (ABM)
in alcohol-dependent
patients

Effect of tDCS on
food consumption or
food craving when
combined with
inhibitory control
training in healthy
subjects

Studies

den Uyl
et al. [193]

Sedgmond
et al. [194]

48.6 (0.9)

20.81
(0.26)

83

172

tDCS criteria*

In diet to lose
weight
History
of eating
disorders
Previously
participated
in this type of
study

Individuals
with AUD
under a
3-month
hospital
treatment

Healthy
participants

Mean age
(SD)

N

Exclusion
criteria

Inclusion
criteria

42
141/172

21/62

Female/
male

• Sham tDCS during sham
training

• Active tDCS
during sham
training

• Sham tDCS
during active training

• Active tDCS during active
training

2 × 2 factorial design:

• Sham tDCS during sham
training

• Active tDCS
during sham
ABM

• Sham tDCS
during active ABM

• Active tDCS during active
ABM

2 × 2 factorial design:

Design

One session of
ICT**** while
receiving tDCS
over DLPFC (2 mA
for 20 min; 35 cm2
anode F4 and
cathode F3)

Four sessions of
ABM*** combined
with tDCS (20 min,
2 mA, over DLPFC,
35 cm2 anode F3,
and 100 m2 cathode
F4)

Experimental
condition

Food craving,
snack buffet
consumption,
inhibitory
control

1-year
abstinence
follow-up,
alcohol bias,
craving
intensity

Outcome
measures

No evidence
for the effect
of tDCS
on food
consumption
or food craving
with Bayesian.
No effect
of tDCS on
inhibitory
control

Stronger
avoidance bias
only during
training
session in
active tDCS
with active
ABM
(p < 0.05)
No effects
of tDCS and
ABM on the
bias scores,
craving, or
relapse

Results
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Effect of combining
CBM and tDCS on
reduction of alcohol
approach biases and
alcohol consumption

Claus et al.
[195]

Mean age
(SD)
24.5 (2.7)

N
79

Exclusion
criteria
History of
treatment
for AUD or
desire for
treatment
Alcohol
withdrawal
Brain injury
Psychotropic
medications
Pregnancy
Illicit drug
use
Metal in the
body

Inclusion
criteria

At-risk alcohol
drinkers
AUDIT > 8

Not
indicated

Female/
male

• Sham tDCS
during sham
training

• Active tDCS
during sham
training

• Sham tDCS during active
training

• Active tDCS during active
training

2 × 2 factorial design:

Design

Outcome
measures
Drinks per
drinking day
(DDD) and
percent heavy
drinking days
(PHDD) at
baseline, the
follow-up
visits at 1-week
and 1-month
follow-ups,
alcohol
approach bias
at baseline

Experimental
condition
Four sessions (of
1 h per week, 4
consecutive weeks)
of AABR** while
tDCS right inferior
frontal gyrus (2
mA; 20 min; 11 cm2
anode F10 and the
cathode arm)

Significant
alcohol
approach
biases at
baseline;
neither CBM,
tDCS, nor the
interaction
reduced the
bias at the
follow-up
No significant
effect of
intervention
on either DDD
or PHDD

Results

Table 2.
Effect of tDCS and behavioral interventions combined in substance use disorder.

*
tDCS criteria: epilepsy, multiple sclerosis or other neurological illness, previous brain injury/infection, metal in the brain, pacemaker, pregnancy, claustrophobia, recent fainting/panic attack, frequent
headaches or dizziness, and eczema or other skin conditions
**
Alcohol Approach Bias Retraining: pull or push alcohol or soft drink pictures with joystick.
***
Attentional Bias Modification: dot-probe training task with alcohol, nonalcohol, or object pictures
****
Inhibitory control training: a go/no-go training task with fatty food, healthy food, and close pictures

Condition

Studies
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circuits [202]. Therefore, increased extinction with new approaches has been extensively studied in animals and, more recently, in humans with aversive responses
(e.g., fear) and appetite disorders (e.g., addiction) [203]. The extinction of the
conditioned response may be more effective if it is preceded by a brief exposure
to the conditioned response, that is to say, a phase of reactivation of the memory
[204–206]. This approach, often named super-extinction, gave rise to theories of synaptic consolidation [207], which brought a fresh look at memory processes involved
in flexible actions. Briefly, once activated, conditioned responses are rendered labile
and unstable that interfering intervention (e.g., propranolol administration [208],
non-pharmacological manipulation [209, 210]) ensuing during the reconsolidation
window could update original memory traces [204]. Reduced involvement of the
inhibitory networks [211] and induced plasticity [209] during extinction following reactivation could represent some of the key mechanisms in play. Importantly,
whereas in extinction amygdala’s representation remains intact, the prefrontal
activated reconsolidation would eliminate the necessity of such inhibition [211].
Additionally, as shown in animal studies, one factor that may initiate memory destabilization and reconsolidation is the detention of prediction errors (surprise effect)
[212, 213]. In humans, some procedures combining prediction errors and memory
reconsolidation interference have yielded interesting results in subjects with high
alcohol consumption ([214, 215], p. 20; [216]). Although the clinical impact of those
essays was not overwhelming, subtle changes of alcohol attractiveness have already
been highlighted, such as a reduction of craving for alcohol [216] and significant
reductions in verbal fluency for positive alcohol-related words [215]. In theory,
conditioned stimuli could be erased with a single treatment, which could solve the
compliance problems necessary to continue treatment, promoting abstinence [217].
Although promising and extremely relevant in the context of the prevention and
treatment of addictive behaviors, the precise recovery conditions required to successfully destabilize memory remain unclear (e.g., role of prediction error, type of
intervention post-activation, counter-conditioning, interference, extinction).
We suggest here that the super-extinction procedure can be implemented in combination with brain stimulation techniques and cognitive response inhibition training, for example, which may lead to stronger and more prolonged clinical effects
in drug and behavioral addictions. Indeed, not only is the activation of relevant
brain circuitry important before the application of brain stimulation [197–199],
but it is also possible to capitalize on the lability of memory during reconsolidation. Indeed, reactivated memory becomes labile after retrieval through a process
known as memory reconsolidation. Memory reconsolidation after retrieval may
be used to maintain or update long-term memories, reinforcing or integrating new
information into them [204–206, 209], a phenomenon that would underlie change
in psychotherapy [218]. Interestingly, decreasing DLPFC activity has been observed
in repeated encounters with memories (e.g., [115]), resulting in a stabilization of
memory. Consistently, the stimulation of the control network via an anodal TDCS
applied to the right DLPFC during repeated access to acquired information disrupts
the long-term retention of these memories [219]. Based on these findings, it is likely
that stimulating the control network during reconsolidation of emotional memories
associated with addictive behaviors could result in disrupted storage, particularly
in circumstances that generate interferences (e.g., training alcohol-stop associations). Future research is needed to test these hypotheses and shed new light on this
theoretical reasoning.
Another promising possibility is that cognitive training works better when
combined with other forms of clinical intervention aimed at enhancing motivation,
self-esteem, family functioning, social support, etc. [220]. In other words, a very
interesting line of research is to study the interaction between the mechanisms
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involved in clinical interventions that lead to positive outcomes and the aforementioned cognitive interventions. Too often, clinical interventions have been
described simply as a set of technical tools (e.g., CBT, family therapy) instead of
mechanisms and processes of clinical interventions (e.g., compensatory skills, selfunderstanding) [221], which is a problem when we consider that each participant
does not respond in the same way to a given intervention. For this reason, it may be
that only the participants who benefit most in some way from a given clinical intervention are those for whom cognitive training and brain stimulation work best. It is
obvious that the weakness of this hypothesis is precisely the problem encountered
by research in identifying central mechanisms and methods related to psychological
change in response to clinical interventions [222].
Finally, some studies have found that addicted participants have preserved
automatic inhibitory resources [52]. In this study, recently detoxified alcoholics and
healthy participants performed a modified stop-signal task that consisted of a training phase in which a subset of the stimuli was consistently associated with stopping
or going and a test phase in which this mapping was reversed. In the training phase,
stop performance improved for the consistent stop stimuli, compared with control
stimuli that were not associated with going or stopping. In the test phase, go performance tended to be impaired for old stop stimuli. Combined, these findings support
the automatic inhibition hypothesis. Importantly, performance was similar in both
groups, which indicates that automatic inhibitory control develops normally in individuals with alcoholism. Furthermore, clinical interventions aimed at potentiating
the automatic suppression of alcohol-going associations combined with procedures
encouraging the automatic selection of alternative responses (e.g., intention implementation [223]). This approach has the merit to promote better inhibitory control
of the action without saturating the resources of effortful self-regulation. Whether
intensive addiction cues/stop associations could benefit from reactivation of craving
or negative emotions is an important hypothesis to be tested in further experiments.

7. Concluding remarks
Many efforts have been made to modify the acquired motivational properties
of addiction cues and to reinforce the control of prepotent responses via cognitive
training, brain stimulation, and neurofeedback protocols. To date, our review has
highlighted some of the promises as well as the obstacles that we need to overcome.
In keeping with recent narrative critiques and the meta-analytic approach, the
current state of the art appears to be like a half-empty or half-full glass. On the one
side, an important limitation is the absence of a robust consensus about methods
and mechanisms of brain stimulation techniques (but see for a recent consensus,
article [224]) and recent findings calling into question inhibition as a psychometric
construct [41]. The main consequence of this is the high level of variation between
subjects in response to brain stimulation as well as a poor understanding of the
precise cognitive mechanisms that mediate the efficacy of brain stimulation. On
the other side, the glass could be considered half-filled because a reduction in the
state of cue-induced craving is now feasible and the ongoing research on possible
moderators could add important information. Indeed, the motivation for change
of participants that refers to personal goals and values is a clinical target requiring
specific psychological interventions before cognitive and brain enhancement can
turn into robust clinical effects [109]. Clearly, the brain (e.g., using EEG or fMRI)
and cognitive (e.g., impaired executive functions, exacerbated approach tendencies
toward addiction cues) profiles of patients sensitive to cognitive improvement are
important factors to identify [114, 225].
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In this chapter, we also strongly recommend that conditioned stimuli and conditioned responses that lead to the loss and recovery of control of addictive behavior
be better identified and used with retrieval-extinction techniques in combination
with brain and cognitive stimulations. If ethical questions arise when unpleasant sensations are felt by people seeking care and when an intervention alters the
substance of a memory, as it may disrupt a sense of self, we must remember the lack
of effectiveness of contemporary clinical and experimental treatments in an intolerable situation which we have become too accustomed. We hope to have convinced
the reader that in reconsolidation-based treatments, even if boundary conditions
begin to be discovered [226, 227], the potential benefits may far outweigh the risks.
It is difficult to obtain better cognitive control, such as improving executive
functions in adults, as shown by considerable data [80], but capitalizing on preserved automatic inhibitory resources could prove useful for promoting better
inhibitory control of the action without saturating the resources of effortful selfregulation [21, 52].
In sum, these are exciting days where a number of key elements useful to change
addictive behaviors have now been identified, yet their perfect fit remains to be
done. What is also promising is the undeniable need to bridge the gap between
experimental studies and clinical issues in taking into account motivation, relevant
personal conditioned responses, acute and chronic stress, memory, response inhibition, and brain and cognitive stimulation to provide addicts with better control of
their impulse and obsessions because it is often a prerequisite to return to a satisfactory quality of life.
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Chapter 4

Binge Drinking and Memory in
Adolescents and Young Adults
Concepción Vinader-Caerols and Santiago Monleón

Abstract
The binge drinking (BD) pattern of alcohol consumption, characterized by
intermittent consumption of large quantities of alcohol in short periods, is currently
prevalent during adolescence and early youth. This period is characterized by critical changes to the structural and functional development of brain areas related with
memory, as well as other executive functions. As a result, BD has been associated
with undermined learning and memory ability in adolescents and youths of both
sexes. One distinctive contribution of this chapter is to evaluate, together, the
impact of an acute BD episode, the sample’s history of consumption, and its effect
on learning and memory performance and as potential gender differences. The
main findings of the published research show that BD has differential effects on
several types of memory and confirm that women are more vulnerable to these
detrimental effects of alcohol than are men. These cognitive differences between
men and women seem to be overridden as the blood alcohol concentration progressively increases. As BD pattern of consumption has been associated with inhibitory
control deficits, future research also should investigate long-term implementation
of inhibitory control training, emphasizing the importance of this training as part of
the intervention strategies focused on this at-risk group.
Keywords: binge drinking, memory, adolescence, youth, gender

1. Introduction
Alcohol is one of the most widely consumed psychoactive substances in the
world, especially among adolescents and young adults [1, 2]. Many of these develop
a pattern of alcohol consumption known as binge drinking (BD). BD has been
defined by The National Institute on Alcohol Abuse and Alcoholism (NIAAA) as a
pattern of drinking that elevates a person’s blood alcohol concentration (BAC) to
0.8 g/L or above [3]. This pattern involves the intake of large quantities of alcohol in
a short period (about 2 h), followed by a period of abstinence, with a variability
between 1 week and 1 month (see Figure 1). BD is the most common pattern of
alcohol use among adolescents and young adults in Western countries. In Spain,
the prevalence of BD pattern is similar in both sexes among 14–16 year-old
adolescents and is more widespread among men than women in the age range of
17–18 years [4].
Individuals engaging in frequent BD have an increased risk to develop an alcohol
use disorder (AUD) later in life. This risk has been suggested to be linked to
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Figure 1.
(a) Binge drinking pattern criteria. Quantity: intake of 50–56 g of pure alcohol in women and 60–70 g in men,
in 2 h. Frequency: at least one BD episode per month. Intermittency: abstinence between BD episodes over time
(minimum 1 week, maximum 1 month). (b) Number of drinks (1 drink = SDU, standard drink unit) in the
USA and Europe for binge drinking’s BAC levels.

executive deficits (e.g., [5]). The BD pattern of consumption seems to be especially
associated with increased impulsivity and inhibitory control deficits (e.g., [6–8]).
At the same time, this seems to be due to an attenuated frontal activation (e.g.,
[8, 9]). Thus, a higher incidence of BD has been related to decreased activation of
dorsolateral prefrontal cortex, dorsomedial prefrontal cortex, and anterior cingulate
cortex, brain regions strongly implicated in executive functioning [9]. The neurotoxic effects of BD on these regions can be less evident throughout adolescence, but
if this alcohol consumption pattern persists, the executive dysfunction could be
exacerbated. While individuals with AUD typically exhibit inhibitory control dysfunction, evidence of impaired inhibitory control among binge drinkers, who are at
increased risk of developing an AUD, is mixed. Despite the variability in the literature, some findings point to mechanisms that may confer vulnerability for transition from binge drinking to AUD [6]. Therefore, inhibitory control deficits must be
considered as an important factor that contributes to alcohol abuse.
On the other hand, important physical, social, and cognitive skills are acquired
during adolescence and early youth. This period is also characterized by critical
changes to the structural and functional development of brain areas related with
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these skills [10]. For example, the superior associative cortex (e.g., prefrontal cortex) undergoes myelination, pruning, and synaptic reorganization [11, 12], among
other alterations. Significant changes in the volume and shape of the hippocampal
complex, a brain region that plays an important role in memory functions, are also
observed during this developmental period [13–15].
Due to this plasticity, the adolescent brain seems to be especially vulnerable to
the neurotoxic effects of alcohol. In fact, alcohol-related performance deficits in
tasks assessing cognitive processes, such as attention, memory, and executive functions, in the not-yet-adult brain are more evident during adolescence [16, 17] and
become more pronounced with a BD pattern of consumption [12, 18].
The intermittence between BD episodes seems to be the most important factor
involved, as the repeated alternation between intoxication and withdrawal is particularly deleterious for the brain, due to the excitotoxic cell death it provokes [19, 20].
Thus, it has been demonstrated that BD episodes can be more harmful for the brain
than an equivalent amount of alcohol without withdrawal episodes [20, 21].
Therefore, the BD adolescent population constitutes a cohort at risk of brain
damage, and any disruptive effects of alcohol on learning and memory abilities in

Figure 2.
Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram showing how
articles were selected for review.
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this age group could have a particularly deep impact and last through to adulthood.
Moreover, females would seem to be more vulnerable to these detrimental effects of
alcohol [22].
In the following sections, the main insights provided by studies performed by
our group and other researchers about the effects of BD on learning and memory
performance will be discussed. We focus on the types of memory that are most
damaged by alcohol: immediate visual memory (IVM) and working memory
(WM). One distinctive contribution of this chapter is to evaluate, together, the
impact of an acute BD episode and the sample’s history of consumption on learning
and memory performance, as well as the possible gender differences at play.
For this review, we conducted a literature search of three databases: Web of
Science, PsycINFO, and PubMed. The following combination of key terms was used:
binge/heavy/social OR adolescent/young OR blood alcohol OR immediate/working/
memory OR alcohol/ethanol OR cognitive AND acute alcohol. These keywords were
examined in the “title” section for Web of Science and PsycINFO and “title/abstract”
sections for PubMed. We considered studies published in English since 2000 (1
January 2000–30 November 2018) in humans. The total number of studies identified through the initial database searching was 677 (Web of Science, 284 records;
PsycINFO, 215 records; PubMed, 178 records). Duplicated records were removed,
and other articles were excluded using strict exclusion criteria: no BD pattern, out of
age range (18–35 years old), psychiatric disorders, and other criteria described in
the “methods” section. Eventually, 15 full-text articles were included in this review
(see Figure 2 and Table 1). This review is limited by the publication bias (databases
not included), procedure of selection bias, and unavailable data.

2. Methods
2.1 Subjects
The experimental subjects in our studies (e.g., [23, 24]) were adolescent university students, who filled in a self-report questionnaire about consumption of drugs,
frequency and level of alcohol consumption, hours and quality of sleep, and physical and psychological health. They were recruited based on strict inclusion and
exclusion criteria. The inclusion criteria used were 18–19 years old, a healthy body
mass index (between 20 and 25), and good health (without major medical problems). The subjects had to be refrainers (or very occasional alcohol consumers) or
binge drinkers. The exclusion criteria were as follows: on medication; a history of
mental disorders (diagnosed by a health professional according to DSM criteria); an
irregular sleep pattern (non-restorative sleep and/or irregular schedule); having
consumed, albeit sporadically, any drug (apart from alcohol) or having a history of
substance abuse, including caffeine (our criterion: ≤2 stimulant drinks/day),
tobacco (our criterion: ≤10 cigarettes/day), and alcohol (except for the BD consumption pattern); and having first-degree relatives with a history of alcoholism.
Other studies reviewed in this chapter included adolescents and young adults
(18–35 years old) selected by similar or less restrictive inclusion/exclusion criteria,
considering the alcohol use of subjects (history of problems due to alcohol use) and
a history of mental health treatment (e.g., [25]).
2.2 Gender
Gender differences in the effects of alcohol have been reported, supporting the
view that the brains of male and female adolescents are differentially affected by
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alcohol use [22]. There is evidence suggesting that female adolescents are more
vulnerable to the neurotoxic effects of alcohol on cognition [22, 26, 27], since the
cognitive tolerance effect of alcohol on IVM develops in BD women but not in BD
men [24]. Other authors have found that men generally report lower sensitivity to
alcohol (individuals need more alcohol to experience the same sensations or
impairments) than women, and reactivity to alcohol-related cues is more pronounced in male than in female binge drinkers (e.g., [11]). These results might at
least partially explain why men typically show a higher prevalence of alcohol consumption than women. However, in Spain at least, the incidence of alcohol consumption in 14–18-year-old adolescents is higher among females than males [4],
while the BD pattern during adolescence is similar in 14–16-year-old adolescents
and is more common among men than women in the age range of 17–18 years [4].
Gender differences in WM have also been reported in healthy young subjects,
showing an advantage in this memory among males, with females exhibiting disadvantages manifested by a small effect size in both verbal and visuospatial WM [28].
This male advantage could be due to the activating effects of testosterone [29],
though age and specific task modulate the magnitude and direction of the effects
(e.g., [28, 30]). However, there are reviews in literature that explore the history of
BD consumption but not the acute effects it exerts and which does not support the
existence of gender differences in the effects of alcohol on this type of memory
(e.g., [31]).
In the light of these data, it would seem crucial to consider (a) including both
sexes, men and women, in any studies carried out and (b) evaluating potential
gender differences in the relationship between BD and memory in adolescents and
young adults.
2.3 Pattern alcohol consumption
Selected subjects were invited to participate in our studies if they reported
refraining from alcohol consumption (or having indulged in very sporadic consumption) or a history of alcohol use classified as a BD pattern according to the
NIAAA criteria for Spain (see [12]). Subsequently, the participants were classified
as fulfilling a BD pattern if they had drunk six or more standard drink units (SDU)
in the case of men or five or more SDU in the case of women on a minimum of two
or three occasions per month throughout the 12 months prior to the survey. In Spain
a SDU = 10 g of alcohol of distilled spirits (alcohol content ≥40% vol.). It is
important to clarify that a stable BD pattern maintained over the time (12 months in
the case of our studies) is a crucial criterion, because repeated alternation between
intoxication and abstinence has been shown to be particularly harmful to the
developing brain [19, 20]. Participants were classified as refrainers if they had never
consumed alcoholic beverages or had drunk very sporadically (<1 SDU on <3
occasions per year, for example, 250 ml of beer, per occasion) since the onset of
their alcohol use.
Therefore, in the studies reviewed in this chapter, including ours:
A. The experimental subjects were nondependent individuals indulging in
alcohol use, usually evaluated by the Alcohol Use Disorders Identification
Test (AUDIT) or others, such as the brief Michigan Alcoholism Screening test
(e.g., [25]).
B. A very noticeable factor is the variability both in the samples’ history
(refrainers, habitual consumers, binge drinkers, light binge drinkers, etc.) and
in the acute administration of alcohol that leads to a BAC of 0.8 g/L (see
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Table 1 “sample’s history of consumption” and “cognitive performance—with
(BAC)—” entries for details).
C. Depending on the study, performance in the memory task was registered as
either rising or declining BACs.
D.Taking into account the scarcity of studies evaluating acute alcohol consumption
in adolescent and young adult refrainers or occasional consumers (e.g., [23]),
the present chapter provides unique insights into this field of research.
2.4 Memory tests
In our studies, the third edition of the Wechsler Memory Scale (WMS-III;
version adapted for the Spanish population) [32] was used to assess IVM and WM.
The IVM subscales require the respondent to recognize faces and remember scenes,
while the WM subscales require the respondent to put letter-number sets in order
and to reproduce visual-spatial sequences. The literature reports a poorer performance in these types of memory under the acute effects of alcohol (e.g., [24, 33])
and especially in WM associated with a stable BD maintained in time (e.g., [34]).
Other scales used for the evaluation of these or similar types of memory are:
• The Cambridge Neuropsychological Test Automated Battery (CANTAB) for
evaluating spatial recognition memory. The CANTAB is a computer-based
cognitive assessment system consisting of a battery of neuropsychological
tests, administered to subjects using a touch screen computer. This battery
evaluates several areas of cognitive function using nonverbal stimuli in the
majority of its tests, including the pattern recognition memory, a test of visual
recognition memory in a two-choice forced discrimination paradigm.
• The Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT)
for evaluating long- and short-term memory, working memory, and
declarative memory. The ImPACT is a computer-based program for assessing
neurocognitive function and concussion symptoms. This neurocognitive test
battery consists of several modules for evaluating attentional processes, verbal
recognition memory, visual working memory, visual processing speed,
reaction time, and numerical sequencing ability.
• The Wechsler Adult Intelligence Scale (WAIS-R) with the digit symbol
substitution test (DSST) for evaluating short-term memory. The WAIS-R
(revised form of the WAIS, a test designed to measure intelligence and
cognitive ability in adults and older adolescents) consisted of six verbal and
five performance subtests, including the DSST. This subtest (DSST-WAIS-R)
consists of digit-symbol pairs followed by a list of digits; under each digit the
subject must write down the corresponding symbol as fast as possible within
the allowed time.
Obviously, the use of different tests/batteries for evaluating memory contributes
to the heterogeneity of results in this field of research.
2.5 Procedure
In our procedure, all participants signed an informed consent and a data confidentiality agreement on arrival at the laboratory. BAC was measured in all subjects
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with an alcoholmeter to ensure that they had not previously drunk alcohol on the
day in question, and the alcohol use of the BD adolescent subjects was assessed
using the AUDIT test (none of the subjects was assessed as alcohol-dependent).
Next, refrainers and binge drinkers drank 330 ml of lime- or orange-flavored
refreshment (control groups), and binge drinkers’ drank a high dose of alcohol.
Alcohol was administered in a fixed dose of 120 ml (38.4 g) consisting of vodka
mixed with the abovementioned refreshment for both genders or in function of
their body weight (0.9 g alcohol/kg body weight in men and 0.8 g alcohol/kg body
weight in women). The subjects were instructed to consume their drink within a
period of 20 min. After finishing the drink, all subjects rinsed their mouths with
water, and BAC was repeatedly measured every 5 min throughout the waiting
period, until it reached a peak (approximately 20 min after consuming the drink).
This peak of BAC was considered the value with which to classify the participants
into the different experimental groups. The subjects performed the IVM and WM
tests, while BAC was descendent. BAC was measured once again at the beginning of
the tests, between the tests and at the end of the experiment. The BACs registered
for the male and female subjects (separately or together) in the different experimental groups were:
A. 0.0 g/L, in refrainers men (n = 17) and women (n = 24) or BD men (n = 23)
and women (n = 27). These are control groups receiving a nonalcoholic drink.
B. 0.33 g/L, in refrainers men (n = 17) or BD men (n = 22).
C. 0.38 g/L, in refrainers men (n = 11) and women (n = 11) or BD men (n = 11)
and women (n = 11).
D.0.5 g/L, in refrainers (n = 18) or BD women (n = 24).
E. 0.3–0.5 g/L (mean = 0.4 g/L), in BD men (n = 12) and women (n = 12).
F. 0.54–1.1 g/L (mean = 0.8 g/L), in BD men (n = 14) and women (n = 24).
(Note: The A, B, C, and D experimental groups belong to Ref. 23; and the A, E,
and F experimental groups belong to Ref. 24).
All tests were performed between 4:00 pm and 8:00 pm, and the subjects that
received alcohol remained on the premises until their alcohol concentration
dropped to legal limits for driving (<0.3 g/L).
Similar procedures were applied in the other reviewed studies, where cognitive
performance—with (BAC)—was evaluated after alcohol intake administered in
fixed doses or according to body weight. Participants also abstained from alcohol
for at least 12 h prior to the experiment, as well as drinking coffee or tea on the
mornings prior to the experiment, and were instructed to eat a low-fat breakfast
and lunch on the day on which tests were performed (e.g., [35]).

3. Results
The main findings obtained in our experimental investigations and those of other
groups are summarized in Table 1. The effects of acute alcohol consumption—one
BD episode with different BACs—on different types of memory are reviewed.
A total number of 15 studies are summarized. Only three of them included
adolescent male and females (18–20 years old) [23, 24, 33]; the participants in the
69

Inhibitory Control Training - A Multidisciplinary Approach

rest of the studies were in the 18–35-year-old group, without studies comparing
adolescents and young adults.
The sample’s history of consumption encompasses a range from refrainers to
heavy binge drinkers, including habitual consumers/moderate drinkers and light
binge drinkers. This variability in the samples of the reviewed studies gives us a
more specific view of the acute effects of alcohol in different types of consumers
and not only in binge drinkers.
In general, the results obtained in the evaluated memory tasks confirm the
deleterious effects of alcohol use. Significant impairments were observed in spatial
recognition memory, WM, associative learning, word fragment completion, free
recall, long-term memory, short-term memory, and IVM. However, an absence of
effects has also been observed with respect to some of these memories, such as
visual memory, short-term memory, WM, and IVM. It is possible that the impairing
effects observed are conditioned by BAC (ascendant BAC, BAC peak, descendant
BAC) in the case of some types of memory. Thus, in studies in which there were
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Table 1.
Effects of acute alcohol consumption (one BD episode with different BACs) on memory in the studies carried out
in this field [37, 39, 42, 43 and 46].

ascendant and descendant BACs, impairment was reported in long-term memory,
short-term memory, and WM declarative memory with ascendant BAC but not
with descendant BAC.
Finally, the values for cognitive performance—with (BAC)—in Table 1 show
the absence of effects or impairing effects in every sample, including for BAC of
0.0 g/L (refrainers and binge drinkers consuming refreshment/placebo). For
example, in Vinader-Caerols et al. [23], male IVM performance was refrainers
(0.0 g/L) = refrainers (0.33 g/L) = BD (0.0 g/L) = BD (0.33 g/L) and women’s
performance was BD (0.0 g/L) < refrainers (0.0 g/L).

4. Discussion
The key findings of this review will now be discussed. Among the types of
memory reviewed, word fragment completion, free recall, and IVM appear to be
the most sensitive to the effects of acute alcohol, as they are affected by moderate
doses of alcohol (BAC = 0.3–0.38 g/L) in adolescents and young adults (e.g.,
[23, 38]). However, higher doses of alcohol (BAC levels of BD, i.e., around 0.8 g/L)
are necessary for a significant impairment in other memories, such as WM (e.g.,
[24]) and short-term memory (e.g., [40]). A plausible explanation for the lack of
effects reported with BACs under 0.8 g/L (e.g., [23, 25, 40, 44, 45]) is that the brain
of binge drinkers employs compensatory mechanisms in additional brain areas to
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perform the tasks adequately and that these resources are undermined at higher
BACs (e.g., [24, 33, 36, 40, 41]).
In contrast to the present review, others have attempted to provide an overview
of affected (and unaffected) neuropsychological functions in adolescents and young
binge drinkers, without evaluating the acute effects of alcohol and considering only
the subjects’ history of BD (e.g., [31]). However, the interaction between a BD
history of consumption and the effects of acute alcohol exposure on learning and
memory needs to be studied, as some long-term effects of repeated alcohol exposure in adolescents (such as alcohol tolerance or damaged cognitive abilities) are
observed more readily—if at all—following an acute dose of alcohol [23].
It is known that tolerance can develop early in adolescents and young adults
without alcohol use disorder [47, 48]. Considering the scarcity of studies that have
evaluated the phenomenon of tolerance in healthy adolescents and the potential
vulnerability of females to the neurotoxic effects of alcohol, we performed a study
[23] in which we observed that binge drinkers performed better in IVM than
refrainers when given alcohol (showing the development of alcohol tolerance) and
binge drinkers performed worse than refrainers after consuming a nonalcoholic
control drink (as their memory would have been damaged). Thus, adolescent
women are more vulnerable to the neurotoxic effects of alcohol than men, because
the cognitive tolerance effect of alcohol on IVM develops in BD women but not in
BD men. The phenomenon of women beginning to drink earlier and progressing
more rapidly than men from drinking onset to problematic drinking, known as the
“telescoping effect” [49–51], would explain why adolescent women develop cognitive tolerance earlier than men.
Although men and women have been included in some of the reviewed studies,
only ours [23, 24] were carried out in order to specifically evaluate these gender
differences in adolescents. In our second study [24], although the tolerance phenomenon was not evaluated (because refrainers did not consume an acute dose of
alcohol), no gender differences were detected in IVM and WM performance with
BAC > 0.5 mg/L. We suspect that an increased BAC overrides these cognitive
differences between men and women. At the same time, the BAC is dependent on
several factors such as rates of absorption, distribution, and elimination, as well as
gender, body mass and composition, food effects, and type of alcohol. Therefore,
careful extrapolation and interpretation of the BAC is needed [52].
The findings of the present review would be bolstered with a tighter control of
factors that contribute to heterogeneity of results, such as:
• Not taking into account the gender factor. The inclusion of men and women in
study samples is more representative of the population.
• Variability in the sample’s history of consumption, which can encompass a
wide range (refrainers, habitual consumers/moderate drinkers, light binge
drinkers, heavy binge drinkers, etc.).
• The use of different tests/batteries for evaluating similar memories (e.g.,
CANTAB, ImPACT, WAIS-R).
• The registration of performance in ascendant/descendant BACs. For example,
more deleterious effects are observed in ascendant BAC versus descendant
BAC. Most of the studies either they evaluate memory performance in
descendant BAC or they do not specify whether the BAC is ascendant or
descendant.
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• Variability in the age ranges in the studies. This variability (see Table 1),
without a neat separation between adolescents and young adults, does not
allow to properly compare these periods in order to find potential differences.
Actually, there are not studies directly evaluating possible differences in the
effects of acute BD on memory, comparing adolescents and young adults.
Several studies, using different paradigms (e.g., Stroop task, Go/No-Go task),
have also shown that BD during adolescence is associated with poor inhibitory
control (e.g., [7, 53]). Inhibitory control processes are developing during adolescence and youth, and a poor inhibitory function may predispose the individual to
alcohol misuse [53]. Thus, impaired inhibitory control has been related to increased
loss of control over drinking (i.e., a greater number of drinks per episode) [7], and
this impairment seems to be related to the severity of alcohol-related problems
[54, 55]. Likewise, acute and binge alcohol drinking may impair the inhibitory
control and compromise the ability to prevent or stop behavior related to alcohol
use. Then, poor inhibitory control can be both the cause and the consequence of
excessive alcohol use. Adolescence and young adulthood may be a particularly vulnerable period due to the following reasons: (a) the weak or immature inhibitory
functioning typical of this stage may contribute to the inability of the individual to
control alcohol use and (b) alcohol consumption per se may alter or interrupt the
proper development of inhibitory control leading to a reduced ability to regulate
alcohol intake [53]. Therefore, inhibitory control training is a potential effective
component of a comprehensive protocol for intervention strategies focused on this
at-risk group of young adults who continue a BD trajectory into adulthood. Interventions targeting binge-drinking behavior should aim to inhibitory control training.
Increasing the knowledge about the effects of BD alcohol consumption pattern
on memory and other executive functions in adolescents and young adults is also
instrumental to designing programs and policy to reduce the impact of drinking in
this highly vulnerable population in order to diminish the likelihood of participation
in risky behaviors.

5. Conclusions
After reviewing the literature concerning the effects of one BD episode (with
different BACs) on learning and memory performance in adolescents and young
adults, the following conclusions can be drawn:
• Alcohol BD has differential effects depending on the type of memory. For
example, IVM is more sensitive than other memories to the neurotoxic effects
of acute doses of alcohol in adolescents and young adults with a BD history
(IVM is affected by a moderate BAC, while WM score is undermined only by
BAC levels of BD).
• BAC is an important factor to take into account when evaluating the acute
effects of BD alcohol on memory performance in this type of studies.
• Women are more vulnerable to some of the detrimental effects of alcohol than
men are. For example, an effect of cognitive alcohol tolerance on IVM has been
observed in women but not in men. These gender differences emphasize the
need to include females in studies when investigating the neurotoxic effects of
alcohol in adolescents and youths.
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• Further research, particularly longitudinal studies, is necessary in order to
confirm the abovementioned findings and to consolidate these conclusions.
In relation to the inhibitory control in binge drinkers, taking into account the
scarcity of studies evaluating inhibitory control training on alcohol consumption
(e.g., [56–58]) and the lack of them evaluating this kind of training on BD, future
research should investigate long-term implementation of inhibitory control training, emphasizing the importance of this training as part of the intervention strategies focused on this at-risk group.
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Life Stress and Inhibitory Control
Deficits: Teaching BrainWise as
a Neurocognitive Intervention in
Vulnerable Populations
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and Jared M. Greenberg

Abstract
The chapter describes inhibitory control in the context of broader and related
constructs, executive function and self-regulation. We discuss the adaptive functions of inhibitory control, as well as evidence that life stress, such as poverty,
maltreatment, homelessness, and mental illness, negatively impacts individuals’
inhibitory control and overall self-regulation skills. Moreover, these stressors are
known to disrupt the development and functioning of crucial brain systems underlying inhibitory control. Following this review, we discuss a critical thinking skills
intervention, BrainWise, which is designed to teach inhibitory and self-regulation
skills to children, youth and adults. We describe the implementation of the program, and review evidence for its effectiveness with various populations, including
our recent study that demonstrated the success of BrainWise in teaching these skills
to homeless men living in transitional housing. Finally, we describe our proposed
future applications of this intervention to veterans suffering serious mental health
challenges. Our overarching goals are to highlight the importance of inhibitory
control and overall self-regulation, the vulnerability of these important skills to
life stress, and the promise held by one neurocognitive intervention for improving
inhibitory control in high-risk populations.
Keywords: inhibitory control, executive function, self-regulation, stress, poverty,
homelessness, childhood maltreatment, mental illness, intervention, BrainWise,
veterans

1. Introduction
Inhibitory control, as a key component of goal-directed executive function and
overall self-regulation, has implications for a range of adaptive behaviors across
development. Individual differences in this self-regulatory ability have implications
for accomplishing important life tasks such as educational achievement, securing
employment, and establishing successful relationships. Failures to achieve these
milestones has enormous personal costs, as well as economic costs to society. The
contributions to these individual differences are complex covariations and interactions between biological and environmental forces [1], as is true for the wide swath
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of psychological development. How we respond to these individual differences,
particularly at the lower end of functioning, with an appreciation of malleable
environmental factors and intervention will determine the degree to which we can
optimize inhibitory control, benefiting both individuals and the larger society.
The purpose of this chapter is to describe the construct that is the topic of this volume, inhibitory control. We view inhibitory control within the larger contexts of selfregulation, emotion regulation, and executive functions, skills that are all required
for adaptive functioning in our increasingly complex world. We will describe the
impacts of environmental challenges and life stresses, such as poverty, maltreatment,
homelessness, and mental illness on the development and expression of inhibitory
control. In addition, we will discuss how the neural mechanisms underlying inhibitory control and related processes are particularly vulnerable to these stressors.
The critical role that inhibitory control plays in adaptive behavior in a wide range
of contexts, and its vulnerability to both environmental and biological challenges,
has stimulated a diversity of interventions for children, adolescents, and adults in
recent years with varying results. We will focus our discussion on one intervention
that involves teaching critical thinking skills to promote inhibitory control and overall
self-regulation. The BrainWise program will be described in terms of its design and
effectiveness in facilitating adaptive decision making and behavior, particularly in
high-risk populations. Finally, we will describe the inhibitory control and self-regulatory deficits observed in veterans experiencing mental illness and/or homelessness
and a planned application of the BrainWise intervention to this vulnerable population.

2. Importance of inhibitory control to adaptive behavior
2.1 Inhibitory control defined
Inhibitory control is the ability to withhold responses to both internal and external signals when such responses would be maladaptive either for immediate functioning or in service of a future goal. The more adaptive alternative response in these
situations involves flexible, reflective “top down” mechanisms that operate to control
the “bottom-up” arousal, emotion, and stress responses that are often present in our
highly-charged daily activities [2]. Research demonstrates that the development of
inhibitory control predicts school readiness and performance in young children [2],
as well as a range of academic and cognitive skills [3, 4]. In adolescents and young
adults, the inability to control behavior, particularly in affectively- and motivationally-charged contexts, is predicative of maladaptive risk taking [5]. Developmental
disorders that have documented difficulties with inhibitory control include: autism
[6, 7], ADHD [8, 9], and disruptive behavior disorders [10]. Difficulties with inhibition represent impediments to the normal trajectory of development in social–emotional and academic domains, potentially setting up the individual for struggles in
adaptation throughout their lifetime.
Difficulties with inhibitory control may be manifested as maladaptive impulsivity in behavior and is described by Nigg [11] as taking two forms. One form of
impulsivity that reflects a non-reflective, immediate reactions to stimuli (either
internal thoughts or external events) is often called disinhibition. This can be
seen when a 3-year-old overtly expresses a reaction to someone’s appearance in
embarrassing fashion, or when an individual with frontal lobe damage continues
to make an incorrect decision despite consciously knowing these decisions are
wrong. Disinhibition may be a consequence of the life stresses that we will discuss
in this chapter, such as extreme trauma or mental illness, particularly when these
involve possible brain damage. The second type of impulsivity involves a motivated
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preference for an immediate reward over a delayed reward, even if the latter is bigger, better, and ultimately more rewarding [12]. Individual differences in inhibitory
control are found in the typically-functioning population, mediated by particular
brain regions, and appear to reflect temperamental differences in effortful control
[13]. However, this propensity to seek out immediate rewards, even when ultimately
maladaptive, also may be impacted by the stressors of poverty, trauma, homelessness, and mental illness, either through learning from one’s environment, through
subtle brain changes, or through the additive or interactive effects of both pathways.
Inhibitory control, therefore, is a crucial component of adaptive behavior that
develops with the contributions of brain maturation and support from the environment. As will be discussed in the next section, it can be viewed as a component of
executive functions, the cognitive processes dedicated to accomplishing futureoriented goals, as well as a mechanism for regulating arousal to function adaptively.
2.2 Inhibitory control as part of executive function and overall self-regulation
Nigg [11] developed a hierarchical model of self-regulation that attempted to reconcile several constructs in psychology that have been easily confused and often used
interchangeably. Some of these constructs are executive function, effortful control,
cognitive control, and emotional regulation. Nigg’s model of self-regulation is designed
to explain self-regulation in a domain-general manner. This would involve self-regulation over thought, action, and emotions, which fits well with our view of the importance of inhibitory control to all facets of adaptive behavior. The top-down processes
of self-regulation are those that are deliberate and under the conscious control of the
individual. These include basic executive functions such as inhibition, working memory, and flexibility, as well as effortful control needed to deal with conflicting demands.
These top-down processes also include more complex cognitive control processes, such
planning, reasoning, and other coping strategies, particularly those directed to regulating emotional arousal to allow cognitive control processes to be executed.
In Nigg’s model, bottom-up processes include nervous system arousal that may
reflect emotion, motivation, or stress responses. Typically, this arousal is adaptively
controlled by the top-down regulatory processes, but arousal also may serve to
energize self-regulation. As Blair and Raver [2] describe in the case of young children, bottom-up arousal often disrupts goal-directed behavior and, thus, requires
top-down regulation. However, they point out that arousal can also facilitate adaptive behavior, as seen when a moderate level of stress improves performance [14] or
when emotional tagging of memories improves encoding [15].
Therefore, inhibitory control fits within a complex web of executive function,
effortful control and emotion regulation processes that are reciprocally connected
to support overall self-regulation in service of adaptive behavior. Depending upon
the individual’s biological and learning history, and the contextual demands of the
environment, inhibitory control and overall self-regulation will be challenged in
a variety of ways. Individuals will vary widely in their self-regulatory abilities and
these differences may be mediated by neurological differences and/or influenced by
a range of life stress factors to which the individual has been exposed.

3. Brain systems underlying Self-regulation and inhibitory control
3.1 Relevant brain networks
The neurophysiological mediation of self-regulation represents the intersection of brain systems activated by bottom-up, “hot” sources of emotional and
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motivational arousal and the brain systems involved in “cool” cognitive control
over that arousal for adaptive responses and decisions [16]. Emotional arousal is
processed in the limbic system, particularly the amygdala, and strong motivational
stimuli activates the reward system of the brain comprised of dopamine pathways
and the limbic system structure, the nucleus accumbens [17]. The ventromedial
portion of the prefrontal cortex serves to modulate the activity of the limbic system
under conditions of strong arousal allowing the dorsolateral region of the prefrontal
cortex to carry out its “cool” executive functions of planful, organized, and adaptive
decision making [18]. Moreover, the right dorsolateral prefrontal cortex appears to
be specifically involved in the inhibitory control aspect of executive function [19].
The smooth coordination of these various regions to appropriately react to arousing
stimuli with a “fight or flight” response, as well as to mitigate such reactions when
necessary to execute adaptive decision making, develops over the childhood and
adolescent years [20]. Importantly, the prefrontal cortex shows the most protracted
development from birth to adulthood of all cortical areas [21]. Thus, the plastic
brain’s vulnerability to biological and environmental insults related to life stress
has critical implications for the development of inhibitory control and downstream
difficulties with adaptive behavior.
3.2 Impacts of life stress on these brain regions
It is well-documented that chronic stress has deleterious effects on brain development and function, and many of the targets of stress are those networks involved
in self-regulation, described above. Animal models, confirmed in human studies,
have identified the dorsolateral prefrontal cortex, amygdala, and the ventromedial
prefrontal cortex as consistent targets of the negative impacts of chronic stress on
structure and function [22]. Stress-induced changes in the ventromedial prefrontal
cortex have been specifically linked to cognitive control deficits in both animals and
humans [23–25].
Prenatal and early postnatal development of the brain is the consequence of a
complex unfolding of genetic and epigenetic mechanisms that can be derailed by
adverse biological or environmental forces [26]. There is emerging evidence that
poverty—with its many correlated stressors—is related to alterations in a variety
of brain regions, including those related to self-regulation, the prefrontal cortex
and amygdala [2]. Similarly, there is increasing evidence that childhood maltreatment, again correlated with poverty and other stressors, is related to alterations in
the structure and function of brain networks involved in self-regulation. Research
has identified the brain networks that differ in maltreated individuals as those that
mediate emotional regulation, attention, inhibitory control, and social cognition,
particularly in situations of threat or potential reward [27, 28].
Thus, the underlying brain mechanisms of self-regulation and inhibitory control
are quite vulnerable to life adversity and stress, and this is likely to be observed
in behavioral disruptions in high-risk individuals. In what follows, we discuss the
evidence for impairments in inhibitory control, and related constructs of executive
functions and self-regulation, that have been linked to four examples of life stress.

4. Life stress impacts on inhibitory control, executive function, and
self-regulation
Life stress can include the mild, normative challenges that have been found to
fine-tune the stress response system at the brain and behavioral levels to overcome
obstacles and build resilience. Evolutionarily, our brains and bodies are equipped
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to deal with acute, short-lived stressors without serious negative consequences
[29], but chronic, long-lasting, frequent, and/or extreme stress exposure results
in what has been referred to as the toxic stress response [30]. Adverse childhood
experiences, such as poverty, maltreatment, and parental conflict, are included
in the category of toxic stress and have been found to disrupt inhibitory control,
emotional regulation, and organized, reflective thinking [31, 32]. Individuals who
contend with chronic life stress as adults may have also had exposure to toxic stress
in their childhoods during the period of critical brain and behavioral development.
As adults, these challenging conditions are likely to continue to impair the brain
functions necessary for inhibitory control and overall self-regulation.
It is important to note that where there is risk, there is also substantial evidence
of resilience in the face of adverse life circumstances, and this is observed both at
the brain and behavioral levels [33]. Our own research has examined young adults
with a childhood maltreatment history who manage to enroll in college [34] and
homeless men who seek out services such as transitional housing [35]. These groups
of adults are demonstrating resilience despite exposure to difficult and sometimes
traumatic circumstances. While there is evidence of inhibitory control deficits in
these groups, this capacity for resilience is likely to make these groups excellent
candidates for interventions to strengthen inhibitory control and a range of related
self-regulatory skills.
4.1 Poverty
According to 2017 data, almost 40 million people lived below the poverty line in
the United States, and 12.8 million of this group were children [36]. Poverty is not
a monolithic factor affecting psychological development; rather, poverty is correlated with numerous risk factors [37] that combine to create a cumulative risk to
healthy development. Poverty-related risk factors that have a negative impact on the
development of self-regulatory abilities in children include low maternal education,
elevated maternal depression, exposure to domestic and neighborhood violence,
lower housing quality, exposure to environmental pollutants, and poor access to
needed services [38]. A gap in self-regulatory abilities is seen as early as preschool in
low-income children [39], and growth in self-regulation is slower in impoverished
children with a greater number of cumulative risks [40]. In a large, nationallyrepresentative sample of children in Head Start, Son, Choi and Kwon [41] identified reciprocal associations between inhibitory control and math skills, and the
researchers suggest that intervening to improve inhibitory control in low-income
children will improve academic abilities, which in turn will improve self-regulation.
Poverty continues to negatively impact self-regulation beyond childhood.
Lambert et al. [42] found that poverty was related to cognitive control deficits, while
violence exposure was related to emotional dysregulation in a sample of adolescents.
In a sample of more than 5000 adults 18–30 years of age, exposure to two decades
or more of sustained poverty was related to poorer executive functions, which the
researchers suggest have a negative impact on health-related behaviors and ultimately on longevity [43]. Poverty is a complex multifactorial construct that is clearly
associated with many other risk factors, including those discussed below, which are
themselves predictive of impairments in inhibitory control and related skills.
4.2 Childhood maltreatment
Based on data from the Centers for Disease Control and Prevention, approximately 1 in 7 U.S. children experience child abuse and/or neglect in the past year,
and this statistic likely underestimates the scope of the problem [44]. Childhood
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maltreatment and other adverse experiences have been found to increase risks to
physical health and overall adaptive functioning according to the well-known,
large-scale Kaiser Foundation study [45]. Given the likely negative impacts on the
developing brain and the altered learning environment of the child exposed to
maltreatment, cognitive deficits and difficulties with self-regulation will potentially
have life-long implications for adaptive behavior.
Evidence suggests impairments in a range of executive functions in childhood samples that have experienced maltreatment [46, 47]. Such deficits are also
observed in adolescents and adults reporting a maltreatment history [48, 49].
Inhibitory control is frequently measured by the neurocognitive Go-No-Go task,
which requires a response to a specific target and withholding a response (inhibition) to other targets. Adults self-reporting a history of abuse or neglect demonstrate difficulties with this task, particularly in the No-Go condition that demands
inhibitory control [50, 51]. Such inhibitory control deficits may manifest as overall
difficulties with self-regulation, placing adolescents and adults at risk for maladaptive behaviors and decision making [52].
4.3 Homelessness
As is the case for other adverse environmental conditions already discussed,
homelessness is a serious societal problem; in January of 2015, it was estimated
that there were 564,708 homeless people in the United States. Executive function
impairments, among other cognitive deficits, are observed in youth who have experienced homelessness, foster care, and poverty according to a recent meta-analysis.
For children experiencing homelessness, deficits in effortful and emotional control
predict academic difficulties [53], and effortful control has also been found to be
an individual resource contributing to overall adaptive functioning and resilience
among these children [54]. Schmitt et al. [55] demonstrated that difficulties with
inhibitory control mediated the relationship between housing insecurity and
academic functioning of preschoolers. Thus, homelessness has a deleterious effect
on the development of children particularly at a critical milestone of early academic
adjustment and achievement, with potential negative impacts on later adaptation.
In adults, executive function skills, including inhibitory control, suffer substantially if a person experiences psychosocial stress [24], social exclusion [56, 57],
interpersonal strain [58], or disrupted sleep [59], all of which are common among
those experiencing homelessness. It is therefore not surprising that several studies
have reported deficits in executive functions among homeless individuals including
youth [60], adults [61], and older adults [62]. The experience of homelessness not
only appears to put someone at risk for disrupted self-regulatory behaviors, such
as executive function and inhibitory control, but these deficits also may result in
maladaptive behavior that results in homelessness. Gabrielian et al. [63] compared
the problem-solving skills homeless-experienced veterans in a US federal government study who retained (“stayers”) or lost (“exiters”) housing for at least 1 year.
Both groups had poor cognition, but there was a trend toward greater problemsolving complexity in stayers as compared to exiters [64]. Similarly, in a study of
the influence of cognition on community functioning among formerly homeless
persons with mental illness, better executive functions predicted improved self-care
and less turbulent behavior [65].
In the United States, the prevalent problem of homelessness among military
veterans merits particular attention. Veterans are at particularly high risk of homelessness for several reasons including relatively disadvantaged socioeconomic status
and increased risk of mental disorders, both of which are associated with impairments
in executive functions (as discussed in Sections 4.1 and 4.4, respectively) [66, 67].
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As will be discussed in Section 6, there is a need to carefully consider the role of
executive functions in homeless veterans with and without mental illness, both as
a potential cause and consequence of these problems, and to develop interventions
tailored to the needs of this vulnerable population.
4.4 Mental illness
There is evidence on both brain and behavioral levels that cognitive and
emotional regulation deficits may be transdiagnostic symptoms; that is, these
difficulties are found across a range of mental illness diagnosis in children and
adults. Maladaptive decision-making behavior is observed in youth with anxiety,
depression, conduct disorder, and ADHD, though the particular manifestations of
these deficits may vary [68]. A meta-analysis by Wright et al. [69] identified smallto-moderate deficits in inhibitory control on tasks such as the Go-No-Go across 11
different mental illness diagnoses in adults. In adolescents with a history of depression, specific deficits in inhibitory control were still observed even after remission
of their depression, while other executive functions and cognitive abilities had
improved.
Adults with serious mental illness (schizophrenia, schizoaffective disorder,
bipolar disorder, major depressive disorder, and posttraumatic stress disorder)
frequently exhibit impairments in executive function and cognitive control [70, 71].
Notably, executive functions have been shown to be the most important cognitive
domain for a variety of adaptive outcomes for individuals with serious mental
illness, including occupational functioning and independent living [72]. Similarly,
difficulties with executive functions and overall self-regulation predict maladaptive
outcomes in these mentally ill adults, such as treatment nonadherence and violent
behavior [72], poor treatment response [73], and overall psychosocial function [74].
In summary, severe life stresses such as poverty, childhood maltreatment, homelessness, and mental illness have adverse effects on the self-regulatory processes such
as executive function and inhibitory control. In many cases such stresses co-occur,
with cumulative negative effects. Inhibitory control is critical to adaptive functioning across a wide range of domains: academic, employment, interpersonal, and
physical and mental health. Stressful life circumstances can create a cascade effect
on self-regulatory capacities that may lead to maladaptive behavioral consequences
such as risky or antisocial behavior. In turn, maladaptive behaviors place the individual in environments that continue to limit the development of these important
skills. For example, an adolescent who engages in delinquent behaviors with peers
will not have the role models or the learning experiences to shape appropriate inhibitory control or executive functions in the future. As will be described later in the
chapter, US military veterans frequently experience a combination of these stresses
when they return home (e.g., homelessness and mental illness) and are at great risk
for difficulties with self-regulation. Thus, due to the biological and environmental
risk factors that may contribute to deficits in these critical skills in a substantial
minority of the population, interventions that can ameliorate these difficulties
should hold promise for substantial benefits for both the individual and society.

5. Interventions for inhibitory control and executive function
5.1 Growing interest in prevention intervention
Scientists are using increasingly advanced techniques to study the brain,
behavior, and interventions for improving health [75–77]. Findings include
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Nobel-prize-winning research that demonstrates how the brain forms synapses
when it learns something new [78], the identification of executive functions that
are learned through practice [79–81], and research indicating the brain continues to
produce neurons well into old age [82].
These and other studies support and complement research showing that thinking skills are learned behaviors and that when they are not developed, are only
partially learned, or are compromised by adversity and stress, they negatively
impact the physical and mental health of individuals, families, and communities
[26, 75, 77, 83]. We know that most mental health disorders and problems are largely
preventable. This knowledge underlies requests from health providers, educators,
and concerned citizens for access to research and prevention programs [76, 84]. In
the last two decades, a greater number of scientific papers has been published on
prevention programs [85], biological and social behavior interventions [76], and
self-control and intertemporal choice in economics [86]. They reflect the diverse
and valuable advances in research on a wide range of approaches that address
prevention to promote healthy life choices.
5.2 BrainWise program
The BrainWise program is a prevention curriculum that uses a multidisciplinary
approach to teach 10 thinking skills that include inhibitory control and other
executive functions [35]. The program focuses on neurocognitive development and
integrates findings from social science, education, and neuroscience. It integrates
the roles that the prefrontal cortex and limbic system play in decision making,
explains them simply, and provides a template for teaching thinking skills.
Program participants are students and clients of diverse ages, backgrounds, and
abilities. The program uses nonscientific terms to explain basic brain processes and
provides scripted lessons, making the material easy to understand and remember
by children, youth, and adults, including individuals with disabilities and mental
health challenges [87, 88]. BrainWise instructors can adapt scientific terms to fit
their students’ and clients’ level of understanding whether the individuals are
learning disabled or high performers.
The curriculum uses activities that combine kinesthetic, sensory-motor, visual,
auditory, cognitive, and socioemotional techniques instructors can adapt and customize as needed. Its approach includes teaching basic brain concepts using activities that engage participants of all ages, helping them understand why learning
and practicing enables them to stop and think before they act. The program can be
adapted to address a wide range of teaching situations and can be taught in classes,
small groups, and one-on-one. This flexibility appeals to instructors and helps
ensure they will teach and reinforce the lessons with fidelity [89, 90]. Instructors
learn how to integrate the lessons into daily activities, providing opportunities to
use examples that are specific to problems faced by their clients and students.
Reinforcement is key to retention [76, 91–94]. Instructors have access to several
BrainWise teaching aids and create their own. These include problem-solving
worksheets, checklists, reinforcement games, and support activities that sometimes call for older students to teach and reinforce lessons with younger students.
Depending on the site and instructor, text messages, apps, telephone, emails, and
other devices are additional reinforcement strategies. For example, instructors
may randomly send customized text messages to remind a participant to “Exit Your
Emotions Elevator” or “Use Your Wizard Brain!”. Course instructors also have access
to a “members-only” BrainWise network where they share teaching strategies and
techniques and receive a monthly online newsletter containing research updates,
teaching tips, and instructors’ stories.
90

Life Stress and Inhibitory Control Deficits: Teaching BrainWise as a Neurocognitive Intervention…
DOI: http://dx.doi.org/10.5772/intechopen.88642

BrainWise is taught in schools, clinics, faith-based organizations, agencies,
worksites, homeless shelters, hospitals, and households throughout the United
States and in Canada, China, India, and 17 other countries [95]. U.S. Indian
Health Services (IHS) has recognized BrainWise as a program that benefits Native
Americans and Alaska natives, and the University of Tennessee Extension has
trained its agents to teach BrainWise throughout the state [96]. The advocacy of
program users underlies this growth, and a future direction for application of
BrainWise will be to incarcerated youth and adults.
5.3 The 10 Wise Ways
BrainWise starts with four tenets: (1) everyone has problems; (2) people who
have fewer problems use thinking skills; (3) the brain can help prevent problems;
and (4) the 10 Wise Ways teach thinking skills. This section presents the lessons and
research supporting each one (Figure 1).
5.3.1 Wise Way 1: use your Wizard Brain over your Lizard Brain
This statement lays the foundation for the nine lessons that follow. Participants
learn how the body’s five senses act as sentinels and send signals to the brain’s thalamus, which is also called the relay center because it collects sensory information and
sends it to the limbic system to be processed.
The limbic system is located beneath the relay center and contains the amygdala
(where fear and any intense emotion are triggered) and the hypothalamus (which
sets off the fight or flight reaction; [97]). These survival responses are also found in
reptiles, leading us to call this section the Lizard Brain. Instructors use this information to discuss the history and importance of survival instincts and how the amygdala
(emotion center) and hypothalamus (fight or flight reaction) contribute to impulsive
reactions, such as maladaptive road rage [98].
Participants receive worksheets with age-appropriate pictures of brains and label
the parts as they learn about them. They see the Lizard Brain’s proximity to the brain
stem. They learn that the part of the brain behind the forehead contains the thinking
area known as the prefrontal cortex. For simplicity, we call it the Wizard Brain and
point out that all of us are born with only rudimentary connections from the relay center to the Wizard Brain. These connections develop as we learn, Sapolsky [76] discusses
the neurobiological stages involved in top-down, Wizard Brain decision-making.

Figure 1.
The 10 Wise Ways.
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This sets the stage for presenting a powerful piece of information. The skills participants learn in BrainWise help them build connections to their Wizard Brain so
that when signals are sent to the relay center, they are diverted away from the Lizard
Brain and to the Wizard Brain. This simplified explanation is easy for almost anyone
to understand [35]. Each time participants learns a wise way, they draw a line from
the relay center/Lizard Brain to the Wizard Brain. This process helps participants of
all ages and abilities form a clear picture of how different parts of the brain respond
to a stimulus.
Wise Way 1 lays the foundation for the remaining skills by helping participants
learn how the brain is involved in behaviors and what they can do to prevent and
manage problems. As discussed in the previous section, the hierarchical model of
self-regulation developed by Nigg [11] describes these processes as “top-down”
and “bottom-up.” The top-down processes are Wizard Brain responses that include
executive functions and the complex planning, reasoning, and other coping
strategies taught throughout the remaining Wise Ways. The bottom-up processes
are all Lizard Brain reactions to events that arouse strong emotions. These will be
addressed in Wise Ways 2–10.
The lesson ends with participants drawing a line on the brain worksheet to show
that Wise Way 1 helps them make a connection. Sapolsky [76] presents this process
in a discussion about how the ventromedial prefrontal cortex forms connections
with the limbic system, and the biological processes underlying such neuroplasticity are presented by Kandel [78].
5.3.2 Wise Way 2: build a Constellation of Support
Research supports the importance of human connection [99–102] and identifies
how support systems can be lifelines out of loneliness, helplessness, sadness, and
other feelings of being isolated. Wise Way 2 helps people learn how to create and
use an effective support network by teaching about resources for different types of
support, as well as how to find and access dependable support sources.
Participants learn to identify a wider range of sources they can go to for help, a
process that increases their awareness of the benefits of sources they previously may
not have considered. This includes learning that valued help takes many forms—
human, animal, spiritual, and inanimate—and that we all need to identify and
access different types of support for our various problems [103, 104].
The Constellation of Support shows that we connect with the “stars” in our
constellation in three ways: (1) Broken Line (not helpful), (2) Single Line (not
unhelpful, but not helpful either), or (3) Double Lines (helpful). This activity
creates awareness that broken lines may include unthinking friends and family,
members with their own set of problems who do not realize that alternative help
is available or how to access it. The course instructor is always a double line for the
client or student and is a resource for other support sources. This lesson and visual
teaching activities are valuable tools that help participants assess the degree of help
a support resource provides.
The science of social support is complex and involves many biological pathways,
including neuropeptides, genes, and hormones [76, 105]. These studies are consistent with the advantages of utilizing resources and support, a concept that is taught
as a key connection to the Wizard Brain. Participants learn that the Constellation of
Support is complicated, and resources can be deceptive, potentially causing problems instead of preventing them if one is not careful. The lesson makes individuals
aware that help is always available and the skills they are learning will help them
access the most useful sources.
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5.3.3 Wise Way 3: Red Flag Warnings
Teaching about Red Flag Warnings builds on what participants learned about
the Lizard Brain’s bottom-up arousal. The body’s five senses continuously receive
sensory cues, and this lesson creates awareness of signals that warn “something
is going to happen.” Individuals learn about their unique sensations warning of
problems and the importance of recognizing two types: External Red Flags and
Internal Red Flags.
External Red Flags are audio signals, such as a siren, or visual cues, such as gang
colors or empty beer cans on the front porch. Participants learn to identify how
they react to red flags, especially in problem situations. This recognition creates an
awareness of maladaptive behaviors. For example, one client realized that he would
turn his head and spit immediately before he lost his temper. When he recognized
this as an external warning signal, he was able to control his behavior.
Internal Red Flags are what a person feels inside, a key component of emotion
regulation. Participants may say, “I feel mad,” or name emotions such as frustration,
sadness, loneliness, and unhappiness. Instructors ask them to describe what they
feel inside, probing to identify physical sensations such as tight muscles, hot flashes,
and upset stomach. Helping them become aware of internal red flags is as important
for 5-year-olds as it is for older youth and adults. Instructors and parents find that
students with ADHD and autism can learn to identify internal sensations they may
feel before an emotional or physical incident.
The Red Flag Warnings content includes teaching aids and activities that
promote reinforcement. Participants, including adults, make personalized red flags
and list their Internal Red Flags on one side and External Red Flags on the other.
Young children complete Red Flag Buddy worksheets, marking areas where they
feel red flags. This awareness helps prepare them for times when sensory information streams toward their brains and rapidly, powerfully, and automatically triggers
behaviors [85].
After they learn the lesson, they draw a line on the brain worksheet showing that
they are building another connection to their Wizard Brain. This seemingly simple
process puts into practice the neuroscience behind emotions and impulse [76] and
gives instructors a segue to the next lesson on emotions and how to control them.
5.3.4 Wise Way 4: exit the Emotions Elevator
The Constellation of Support and Red Flag Warnings lessons prepare participants to learn about their emotions and techniques to control them using their
Wizard Brain. The first part of the lesson explains emotions by using the metaphor
of an elevator, but instructors can use metaphors that may be more familiar to
their students; e.g., instructors in rural China and India use fires and volcanoes, so
participants create individualized Emotions Elevators.
In the context of teaching Wise Way 4, participants learn the following: (1)
Emotions are cumulative and have a range of intensity [22]. BrainWise teaches that
the first floor is low emotion and the higher floors are out of control. (2) Multiple
emotions are experienced simultaneously, e.g., one can be enraged but also feel
admiration for a worthy adversary. Additionally, participants learn that emotions
can be on different floors of the Elevator—one can be scared, but also extremely
curious and excited; extreme emotions, from one to many, hijack Wizard Brain
thinking and replace it with Lizard Brain impulse. (3) Any emotion that is high on
the elevator triggers Lizard Brain reactions, from being “crazy in love” to taking a
selfie in a dangerous location [76].
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They also learn that it is difficult to impossible to stop emotions when they hit
the high floors of the Emotions Elevator. Lizard Brain reactions are swift, from
uttering hateful words to acting in anger. Participants learn to distinguish between
helpful emotions and toxic emotions and are taught that skills help them control
their emotions to decrease stress and promote healthy behaviors [24, 31].
The second part of the lesson teaches them how to stay off their Emotions
Elevators or how to stay on the lower floors, so they can access the Wizard Brain.
These techniques include strategies that help control emotions such as control
self-talk, stop talking, leave the situation, redirect your emotions, and control
relaxation. Instructors are encouraged to add any number of interventions that will
help their clients and students regulate inhibition and improve self-control
[85, 106, 107]. BrainWise helps participants recognize that many strategies are
available and use the Wizard Brain to find what works best for them.
Skills to exit the Emotions Elevator are taught as behaviors used to promote
Wizard Brain thinking and help participants build neural pathways to reroute
Lizard Brain impulses. This process builds on Wise Ways 1–3 and lays a foundation
for subsequent lessons.
5.3.5 Wise Way 5: Fact vs. Opinion
Fake news has existed for a long time. Parkinson [108] describes the propaganda, cooked-up stories, and hoaxes deliberately planted by Benjamin Franklin,
John Adams, Nathaniel Hawthorne, and other Revolutionary leaders to instill fear
in colonists against the British, Indians, and African Americans. Instructors have no
shortage of examples of falsehoods and half-truths from past and present history as
well as daily events in the participants’ lives.
Research conducted by the Stanford History Education Group (SHEG) with
7804 middle school, high school and college students in 12 states found that students have a “dismaying” inability to tell fake news from real news [109]. SHEG is
working with educators to create materials that help young people navigate the fake
news they encounter online. These are the kinds of resources BrainWise instructors
use to teach and reinforce Fact vs. Opinion.
These lessons promote awareness of the role emotions play in fostering Lizard
Brain actions and spark discussion on how using Wise Ways 1–4 puts questionable information into perspective. At the end of the lesson, participants draw a
line on the brain worksheet to show they have learned another skill to help them
use their Wizard Brain to prevent and solve problems. Instructors encourage
them to reinforce the lesson by applying the skill to relationships, work, and
current events.
5.3.6 Wise Way 6: ask questions and gather information
Asking the right questions helps people separate facts from opinions.
Participants recognize that learning to ask good questions involves using their
Wizard Brain, being off (or low on) their Emotions Elevators and accessing
reliable sources in their Constellation of Support. Participants may have little or
no experience stopping to think about the information they need. The lesson is
a primer on obtaining facts and helps individuals practice gathering them effectively. This skill strengthens the neural networks that help the Wizard Brain to
regulate the emotional arousal of the Lizard Brain transition [76]. At the conclusion of the lesson, participants add another line to their brain worksheet, creating
a visual reminder that the skills they are learning will help divert Lizard Brain
impulses.
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5.3.7 Wise Way 7: Identify choices (IDC)
Individuals dependent on their Lizard Brain often feel victimized. They are
clueless about other choices because the limbic system’s rapid-fire reactions drive
their behavior and blind them to other choices they could make. The high intensity
of their anger, sadness, despair, hopelessness, or other emotions they experience
overcomes them, making it impossible to consider other choices [22]. Even if they
want to make good choices, they fail to follow through [110].
Exploring all of one’s choices is a new concept for participants who rely mainly
on their Lizard Brains. To bolster awareness of identifying and making choices,
instructors ask participants to generate as many choices as they can, positive and
negative, for problem situations. They are reminded to include “not making a
choice.” This activity helps change myopic perceptions that cause problems. Ericson
and Laibson [107] discuss how myopic behavior creates “cognitive noise” that
causes perceptual limitations. Wise Way 7 helps participants expand their thinking
about choices and prepares them for the next skill—considering the consequences
of making a choice.
5.3.8 Wise Way 8: consider consequences
For many participants, considering consequences is a missing step. Learning the
skill and using it can be an “Aha!” moment for them. People who have never learned
consequential thinking fall back on Lizard Brain impulses. Being aware not only
that they have choices, but that they can determine the best choice by considering the consequences now and later (CNL) and the consequences affecting others
(CAO) gives them options they never knew they had.
Thinking about the outcomes of choices is complicated [2, 76, 107]. This lesson teaches consequential thinking in the context of the seven preceding skills. It
provides a framework that helps individuals put the lessons together as part of the
Wizard Brain thinking that usurps harmful Lizard Brain reactions. Considering the
impact of choices involves future thinking (i.e., executive functions) and inhibitory
control, instructors may use this introduction to expand the lesson to discussions of
mental health, diets, the environment, relationships, education, and finances.
One teenager referred to CNL as the “thinking skill that saved my life.” She said
she was considering committing suicide and did not follow through because she
thought about the consequences her death would have on her mother. She wrote her
teacher a testimonial about the incident. Another student at her school had recently
committed suicide, and we are grateful she did not repeat the act. Her positive
choice is supported by research showing that people who are suicidal or self-injure
have decreased neurocognitive functions and an absence of inhibitory control [111].
Lizard Brain dominance eliminates consequential thinking as emotions hijack
thinking. Sadly, we know that even strong Wizard Brain connections are not a guarantee against harmful behaviors, but they are helpful for prevention and intervention. When participants draw lines on their brain worksheets indicating they have
learned another connection, they know that practice strengthens the connections.
They also begin to recognize positive results they attribute to using their Wizard
Brain.
5.3.9 Wise Way 9: set goals and plans for action
Translating goals to behaviors requires using multiple Wise Ways. People who
have never been taught how to apply goal setting to achieve success—graduating,
losing weight, making friends, getting sober—often rely on Lizard Brain reactions
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that sabotage their good intentions and lead to failure. Their high Emotions Elevator
excitement may not be directed in an adaptive manner to get sober, lose weight,
exercise, or achieve whatever goal they set, and instead it fuels a greater desire to
drink, eat, and give up.
Industries have been built around goal setting and ways to motivate people to
change and sustain behaviors. Even people who have thinking skills are stymied by
powerful emotions that destroy goals. This lesson creates awareness of the delicate
balance between the Wizard Brain and Lizard Brain. Our brains can be tricky, and it
helps when people understand how to obtain resources, why Lizard Brain responses
can dominate, and what boosts Wizard Brain thinking. Participants learn that
people who achieve their goals know how to manage the bottom-up Lizard Brain
urges with top-down Wizard Brain skills. These lessons, activities, and problemsolving worksheets are additional tools that help participants use their brains to
make good choices.
5.3.10 Wise Way 10: communicate effectively
This skill is taught at the end of the course because its successful implementation requires knowledge and use of the preceding nine Wise Ways. It is divided into
three sections: verbal communication, nonverbal communication, and assertive
communication.
The teaching activities include participant role plays that demonstrate using “I”
messages, sending double messages, taking other people’s point of view, and discussing the simultaneous use of communication with other Wise Ways. Participants
learn to differentiate between assertive communication behaviors and passive,
aggressive, and passive-aggressive behaviors. The lesson includes discussions
about replacing Lizard Brain reactions with Wizard Brain behaviors, using support
resources, recognizing red flag warnings, understanding the role emotions play,
separating fact from opinion, asking questions, identifying choices, and setting
goals.
Participants draw the tenth line on their brain worksheet to show that they
have learned how to build another brain connection. They know that if they do not
practice and use the skills, the links to the Wizard Brain weaken and disappear and
are quickly replaced by Lizard Brain reactions.
The BrainWise curriculum was developed for nonscientists—the children,
youth, and adults who take the course to learn skills that will help them make
healthy decisions. It presents information in an easily understood format, so that
it will be practiced until the skills and behaviors are automatic and retained [112].
Retention indicates mastery of the 10 Wise Ways. Program graduates are aware of
the difference between Lizard Brain and Wizard Brain behaviors and have skills that
make it easier to choose healthy behaviors.
5.4 BrainWise efficacy with populations exposed to childhood maltreatment
and poverty—research with schools and families
Consistent, positive results have been reported on evaluations conducted across
a variety of populations by different researchers. Participants in these studies
include children living below the poverty line who have experienced multiple
Adverse Childhood Experiences (ACEs), including maltreatment. A primary
context for studying the effectiveness of BrainWise has been in schools identified
as “at-risk.” One study compared a group of inner-city middle school students who
were taught BrainWise with a matched control group. The results found that students who took BrainWise demonstrated significant changes in decreasing physical
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aggression, reducing negative feelings, and increasing peer acceptance. They also
showed improvements on a belief scale and moral order scale. The control group
showed no changes. A student described the program by stating, “It doesn’t change
the person. It changes how the person thinks” [113]. In another study described by
Barry and Welsh [95], students given the BrainWise curriculum in schools in a large
metropolitan district were administered executive function tasks, Tower of London
and Stroop, in a pre-post design. The findings indicated students who learned
BrainWise showed improvements on the measures, and knowledge of the 10 Wise
Ways also was related to self-reported executive function skills [113]. Pre- and postdata also were collected on 539 K–5 students who took BrainWise. Teachers rated
the children on goal-oriented behavior, decision-making, emotional regulation,
self-management, self-awareness, and relationship skills. Significant improvements
were noted on all measures [114].
The efficacy of the BrainWise curriculum also has been demonstrated in public
health contexts. Research was conducted on BrainWise by public health nurses
working with at-risk families at a state agency. All the families had more than one
child and presented risk behaviors and health problems: some had histories of
child abuse, 75% were single parents with less than 12 years of education, and 61%
were unemployed. The nurses visited the families a minimum of four times and
measured outcomes using a Life Skills Progression checklist. Following each visit,
the nurse used the checklist to measure parental behaviors. Data collected on 112
families found improvement on all 39 life-skill variables and significant improvement on 24 variables [115].
5.5 BrainWise efficacy with homeless men
There is a small, emerging literature on the effect of homelessness on neuropsychological impairment, including the evidence discussed in Section 4.3, but studies
with comparison groups are rare [116]. We conducted a study of the BrainWise
program delivered to homeless men at a transitional housing facility [35]. The
homeless organization serving the men in our study presented a rare opportunity to
conduct research with a comparison group. The men in both groups had progressed
from the intake phase to transitional housing, indicating high motivation to change
the behaviors that contributed to their homelessness.
The treatment group (N = 210) was taught BrainWise in Phase 1 of the treatment that included services such as counseling and case management, along with
classes in life skills, career training, education, and spiritual development. The
control group (N = 66) received all the services and classes with the exception of
BrainWise. A staff counselor taught BrainWise and customized the examples using
problems and situations typical of those the men faced. She consolidated the lessons
and taught them during the first week of the men’s placement. She reinforced the
concepts outside the classroom during her daily interactions with the men. Other
staff and volunteers received training in BrainWise and reinforced the lessons during their interactions with the men.
The men completed pretests and posttests on validated instruments that
included eight scales measuring executive functions (Behavior Rating Scale for
Executive Function, or BRIEF), one scale measuring coping self-efficacy (Coping
Self-Efficacy Scale, or CSES), a self-report on problem solving skills (Wasik
Problem Solving Rating Scale, or WPSRS), and a scale that measured participants’
knowledge of the thinking and emotional skills taught in BrainWise (BrainWise
Knowledge Survey, or BKS). These instruments were found to be reliable for a
sample unaccustomed to taking such measures. They were administered the posttest 4 months after learning the 10 Wise Ways.
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The results demonstrated that the men in the treatment group improved on a
much wider range of executive functions (including inhibitory control), coping
self-efficacy, and BrainWise knowledge than the men in the comparison group. This
provided evidence that BrainWise positively influences critical skills for adaptive
functioning and resilience. These improved skills and knowledge will likely help
them better face the many daily challenges, such as maintaining healthy relationships, holding jobs, and becoming productive members of society [35].

6. Vulnerable veteran populations and the BrainWise intervention
6.1 Veteran homelessness and serious mental illness
The promising results of the preceding study have given rise to an effort to study
the implementation of BrainWise within the U.S. Department of Veterans Affairs
(VA). Homelessness among veterans is a sizeable and urgent problem and addressing it is a high priority for VA. According to the 2018 Annual Homeless Assessment
Report (AHAR) to Congress, nearly 38,000 Veterans in the U.S. were experiencing
homelessness on a single night, of whom roughly 14,500 were completely unsheltered [115]. The cornerstone of the VA’s efforts to reduce veteran homelessness is
the Housing and Urban Development–Veterans Affairs Supported Housing (HUDVASH) program, which provides housing subsidies and case management services to
eligible veterans. HUD-VASH has been instrumental in reducing the nation’s homeless veteran population, which dropped by 52% from 2009 to 2018 [117]. However,
many veterans in the program fail to obtain housing, and many who do subsequently
return to homelessness [118]. Clearly, despite access to similar resources, many
veterans are not succeeding. While the reasons for this are complex, individual
characteristics account for some of these disparate outcomes. In particular, serious
mental illnesses such as schizophrenia and bipolar disorder [119, 120] and substance
use disorders [121] are major risk factors for homelessness among veterans.
6.2 Combat-related risk factors for executive dysfunction
Given disproportionate rates of mental illness among Veterans, the impairments
in executive functions related to a variety of psychiatric conditions discussed in
Section 4.4 are especially relevant to this population [67]. In addition, veterans are
at unique risk for combat-related posttraumatic stress disorder (PTSD) and traumatic brain injury (TBI). PTSD and TBI, which frequently co-occur, are considered
signature conditions of the wars in Iraq and Afghanistan due to their high prevalence among this cohort [122]. PTSD is associated with impaired executive function
irrespective of current symptom severity [123]. Similarly, because the frontal lobes
are particularly susceptible to traumatic injury, deficits in executive function are
common sequelae of TBI, even in mild cases [124]. Rabinowitz and Levin highlight
the negative impact of moderate to severe TBI on judgment and everyday decision
making, suggesting a possible role for the BrainWise program given its emphasis
on and approach to decision making skills [125]. Specifically, TBI can disrupt the
process of associating visceral emotional responses with positive and negative outcomes. TBI impacts several aspects of decision making, including impulsivity, risk
adjustment, and rational choice, owing to abnormalities in the anatomic regions
responsible for each of these functions [126]. Although untested in this regard,
the BrainWise program’s emphasis on strengthening systems of emotional control
and reinforcing neural pathways involved in adaptive decision making may be well
suited as a rehabilitative strategy for persons with TBI.
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6.3 Conceptual model of executive functions and veteran homelessness
As previously discussed in Sections 4.1–4.4, homelessness itself, predisposing
factors for homelessness such as poverty and childhood maltreatment, factors
resulting from homelessness such as stress and social exclusion, psychiatric illness
in general, and veteran-specific conditions such as combat PTSD and TBI are all
associated with impairments in executive functions. Many individuals are burdened
by several of these factors. In turn, there is evidence that executive functions
mediate several processes may which impact a person’s ability to obtain housing
and remain housed, such as risk-taking behaviors, conduct problems (e.g., violent
behavior), and aspects of self-care. Taken together, a conceptual model begins to
emerge by which we can represent some of the relationships between executive
function, factors that impact it, and its effect on housing outcomes (Figure 2).
The symbols indicate positive (+) and negative (−) associations. As shown in
the model, executive functions appear to have both direct and indirect effects on
housing stability. For example, poor planning can lead directly to loss of housing
(e.g., via failure to pay rent), and poor inhibitory control can lead to behaviors such
as substance use and conduct problems which then lead to housing loss. Of note, a
number of possible points of intervention within the model are addressed by existing VA services—treatment of mental illness, TBI, and substance use, provision of
housing services, and case management to address psychosocial needs—but a focus
on executive functions is not among these. The possibility of intervening to improve
executive functions presents an opportunity to augment existing VA services with
the aim of improving housing outcomes for homeless veterans. BrainWise was
selected for this purpose because it is the only program known to have evidence for
improving executive functions in homeless individuals.
6.4 Adaptation of BrainWise for homeless veterans with serious mental illness
The chapter authors, working with other investigators at VA, have developed
a proposal to adapt the BrainWise curriculum for use with homeless and recently
homeless veterans diagnosed with serious mental illness, using input from VA staff
and veterans themselves. The initial pilot study would be carried out at the Greater
Los Angeles VA Medical Center, in an integrated care clinic for homeless veterans
called a Homeless Patient-Aligned Care Team (HPACT). HPACT services include
primary care, mental health and substance use treatment, and case management,
with care tailored to the unique needs of homeless veterans. The HPACT model has
resulted in a number of positive outcomes [121, 127] and presents an opportune

Figure 2.
Conceptual model of life stress, executive functions and housing stability.
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venue for implementation of innovations that fill service gaps. The design and
procedures of this proposed pilot study are described, below.
During an initial adaptation phase, the research team interview key stakeholders
consisting of clinicians and administrators in the HPACT clinic and HUD-VASH
program, as well as homeless veterans from an established Veteran Engagement
Group. The BrainWise program and materials are described and shown to the
stakeholders, who are then asked to provide input regarding aspects of the curriculum that appear most and least relevant, barriers or problems they anticipate in
delivering the intervention, situations homeless veterans face which could be used
as teaching examples, and other suggestions or thoughts they may have. The interviews are recorded, transcribed, and analyzed using qualitative research methods
in order to identify salient themes and extract information to be used to guide the
initial adaptation of the BrainWise materials.
The adapted curriculum is taught in a series of weekly sessions to two groups of
approximately 8–12 HPACT patients diagnosed with schizophrenia or other forms of
psychosis, with or without a substance use disorder. Immediately following each intervention session, participants provide feedback on the session, and this information is
recorded, analyzed, used to conduct further modifications of the curriculum based on
input from participants. At the same time, the research team monitors the fidelity of
the adapted curriculum to assure that core BrainWise elements are retained.
In addition to the development of content and format tailored to this population,
the key outcomes of interest for this pilot study are the feasibility and acceptability
of the intervention for the population of homeless veterans with psychotic disorders. We would also gather preliminary data on the effects of the intervention on
executive functions, BrainWise content knowledge, substance use, and housing
trajectory, by assessing these variables prior to and immediately following the intervention course. Although such results are not intended to be conclusive due to the
lack of a control group and the small number of participants planned for the initial
study, conducting these assessments would provide valuable information about
the feasibility of the data collection methods in this population. It would also yield
descriptive statistics that would assist in planning a larger controlled trial of the
adapted BrainWise curriculum. Our hope is that this work may form the foundation
for the wide-scale incorporation of BrainWise programming into homeless services
throughout VA, and more importantly that the tools gained from the program can
help these vulnerable veterans emerge from homelessness and more successfully
navigate their everyday lives.

7. Conclusions
Researchers continue to explore the diverse manifestations of inhibitory control
across development, as well as its importance to the adaptive domains of executive
functions and self-regulation. The brain systems critical to the normal development
of these skills are guided by genetic and epigenetic phenomenon, as well as supported by an environment that provides learning opportunities and age-appropriate
challenges. However, it is also clear that the brain systems underlying inhibitory
control are vulnerable to a variety of stressors, which can result is differences in
developmental trajectories and functioning. Research also confirms that such life
stressors as poverty, childhood maltreatment, homelessness, and mental illness, are
associated with impaired functioning in inhibitory control, executive functions,
and overall self-regulation.
In this chapter, we introduced the BrainWise program as a universal curriculum
that translates basic biological science to prevention skills taught by educators and
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health providers. We discussed how its approach optimizes findings on effective
interventions, simplifies their delivery, and integrates them with brain science.
The section described the 10 skills instructors teach to students and clients and the
scientific support for each one, and presented research that had been conducted
with children, adolescents, and adults.
We gave examples of how the program has been successfully used with elementary, middle, and high school students as well as families on welfare and homelessexperienced men, shared research on the program’s outcomes, and provided access
to additional resources. The information provided a template showing how science
can be scaled to develop lessons that teach thinking skills to diverse populations and
reach individuals who will benefit from learning executive functions, including
inhibitory control and emotional regulation.
Finally, we suggest an application of the BrainWise curriculum to a very vulnerable population of veterans with serious mental illness, and potential TBI, who have
experienced homelessness. The simplicity and accessibility of this intervention to
a wide range of circumstances, as well as it’s focus on some key executive function
impairments in this population make this a promising direction for inquiry. At-risk
and high-risk populations of individuals incur personal and societal costs of poor
decision making and impulsive behaviors which may be ameliorated by appropriate, targeted, and flexible neurocognitive interventions.
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Chapter 6

When Aggression Is Out of
Control: From One-Person to
Two-Person Neuropsychology
J. Gagnon, J.E. Quansah and W.S. Kim

Abstract
From a neuropsychological perspective, impulsive aggression and its treatment
are usually conceptualized in most research as a closed executive functioning
system, as though the behavior was the product of the person’s cerebral functioning
only. However, recent studies in social cognitive neuroscience have emphasized
the influence of social factors on cognitive processes and cerebral functioning
for the development and maintenance of impulsive aggression. This chapter will
review studies that highlight the relevance of initiating a shift of paradigm from a
one-person-cerebral functioning model to a social interactive-cerebral functioning
model of impulsive aggression. First, the influences of an aversive environment on a
child’s cognitive processes and executive functioning will be discussed with the aim
of explaining the development of impulsive aggressive behaviors in early childhood.
Second, we will review studies that have shown how the link between social information processes and executive/inhibitory functioning serve to maintain behaviors.
Finally, strengths and weaknesses of existing inhibitory control strategies will be
discussed with the intention of proposing some novel ideas that incorporate a twoperson neuropsychological approach.
Keywords: impulsive aggression, executive functions, inhibitory processes, social
information processing, child development, treatment, inhibitory control training,
implementation intentions

1. Introduction
When facing a dangerous or threatening situation, aggression is a behavioral
response that is often appropriate and necessary. An individual who is unable to
perceive the hostile intentions of others is also unable to protect him- or herself or
their personal needs. Aggression can also be characterized as a vital energy that
allows an individual to mobilize the physical and psychological resources necessary
to compete with others in a healthy way. Finally, aggression is present in many positive forms of emotional expression; it gives rise to creativity and the establishment
of new relationships. It is when aggression is out of control that it becomes unbeneficial, problematic, and potentially harmful. Lack of control over the intensity,
form, and timing of aggressive behavior is thus an issue of interest to clinicians who
would like to help people with uncontrolled aggression.
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The defining characteristic of impulsive aggression is uncontrolled and impulsive
behavioral manifestations of anger in response to a provocation [1]. Aggressive
behaviors have a negative impact on social, legal, and health-care systems, and are
significant predictors of long-term social dysfunction [2]. Consequently, understanding and preventing aggressive behavior is a worldwide major public health
concern [3]. Impulsive aggression is also associated with violent forms of aggression,
which often occur in the context of interpersonal relationships [4]. When considering the importance of the social dimension in models of impulsive aggression, this
observation is not surprising. While many of these models have come from social
psychology, contributions from neuroscience have increasingly allowed for the inclusion of the social component, with the aim to produce more integrative models. This
has opened up the field and made it possible to explore how cerebral connectivity
may vary according to distinct social inputs and the reaction to those inputs.
The purpose of this chapter is to reflect on new avenues of intervention that are
based on both social psychology and neuroscience models. We believe that inhibitory control training (ICT) represents a unique opportunity by which this may
happen. Indeed, ICT addresses impulse control disorders and, in this sense, may be
a relevant intervention strategy for impulsive aggression. However, to adapt it to the
peculiarities of impulsive aggression, one must proceed with careful deliberation.
It is here that our analogy with two-person psychology comes into play. The term
“two-person psychology” comes from a clinical psychology approach, which means
that the emotions and subjective reactions of the client and the therapist during a
psychotherapy session are not only determined by the client’s dynamics but also by
the mental life of the therapist [5]. The personal reactions of the therapist are part
of the session; they not only influence the interactional processes in the dyad [6]
but they also contribute to the transformation and therapeutic change, as experienced by the client [7]. Inspired by this clinical approach, we will propose that ICT
may be integrated into impulsive aggression treatment programs if it is extended
into the social realm, and more particularly to social cognition. To do this, we
believe that an intervention strategy called implementation intentions can bridge the
gap between ICT and the field of social cognition.
Before discussing these methods of intervention, we will review evidence of the
social determinants of aggressive impulsive behavior. We will begin by looking at
the influence of aversive social environments on the development of social cognition and inhibition in children. We will then discuss how social and neurobiological
models can shed light on the factors that maintain aggression in adults.

2. Development of hostile cognitive structures in early childhood
Aversive early childhood experiences and environments, which include physical
or psychological abuse, inconsistent or severe discipline, parental neglect, social
rejection, exposure to aggressive peers or violence, among many others, have all
been identified in the literature as constituting important risk factors of disruptive
and aggressive behavioral problems later in life [8–10]. Here, we will present some
of the evidence-based theories that explain how early life social adversity affects the
development of a child’s mental processes and is believed to increase the likelihood
of future aggressive behavior.
2.1 Social cognition and the influence of aversive childhood environments
In cognitive psychology, social information processing (SIP) models postulate
that in a person’s memory, there exists a collection of memories of past experiences.
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In this pool of memories, accumulated information is thought to bind together,
forming stable structures of concepts and sets of principles. These organized sets
are often called schemas, and they guide a person’s behavior in social situations
[11, 12]. An individual who was physically abused as a child may have an accumulation of aggressive social experiences stored in memory. Over time, aggressive
thought and belief patterns may develop and lead to aggressive behavior.
A schema (also referred to as a “script”; [13]) can be described as a network of
associative concepts that are stored in memory and function to organize past experiences—to make sense of the world and absorb new knowledge efficiently [14, 15].
Imagine a person is approaching you with a big smile and a hand raised up high.
If you have had past experiences of giving someone a “high five,” then it is likely
that the smile and the raised hand (which are “encoded” in the current situation)
will be interpreted as a friendly gesture. Given past experiences, it is unlikely that
you will assume they have harmful intentions. Now, let us imagine that this person
is someone with whom you would like to become friends. You remember that past
occurrences of returning a “high five” have helped you attain a similar goal with
other people. This cognitive process leads you to decide to gently tap the person’s
hand “up high.” From a cognitive psychology perspective, the schema in this
situation contains concepts such as a “smile,” a “raised hand,” a “high five,” a “nonharmful intention,” a “friendship,” and a “positive experience,” and these concepts
are associated together with past experiences.
Now, this time try to imagine the same situation, but as it might happen with a
child who has experienced physical abuse. The schema evoked here would likely be
quite different. It may contain concepts such as a “smile,” a “raised hand,” a “slap
on the face,” a “harmful intention,” a “threat,” or a “negative experience.” While the
initial situation—a person approaches with a big smile and a raised hand—is the
same in both examples, it is unlikely that the child who was abused would react, or
behave, in the same manner as in the situation above.
2.2 Schemas biased toward hostility
While a schema can be a cognitive structure that helps process social information efficiently, it can also omit details and induce errors. Because schemas are
formed by past experiences, recurrent negative events and early aversive experiences may influence certain schemas in such a way that they become biased. As a
result, a person may be misled by their interpretations and react with aggressive
behavior. For example, what if the child mentioned above had decided to hit the
person in order to run away. Had the person who approached the child been intending to cause harm, then the child’s aggressive behavior would have potentially
helped them avoid a slap on the face. However, if the child repeatedly uses this
schema and reacts aggressively in every social situation, then this will result in a
chronic accessibility of hostile schemas [16, 17] and a frequent hostile interpretation
of the behavior of others (hostile attribution bias; [11, 18, 19]).
2.3 Schema formation through observation
Research evidence on early exposure to media violence (as depicted on television [TV], movies, video games, cell phones, online/computer sources, etc.) has
shown that hostile schemas formed in childhood do not only develop from direct
exposure to aggression (e.g., actual physical or verbal abuse). They can also result
from indirect exposure—through the observation of aggressive acts as depicted by
individuals in violent media [12, 20, 21]. Because a schema acts as an associative
network of concepts, a stimulus may activate a concept, which then activates other
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associated concepts that are part of the same network. In this way, a schema can be
implicitly activated (or “primed”) by a stimulus and trigger a chain-like reaction
between associated concepts within a particular network [22, 23]. It is important to
note, however, that there is a difference between schemas that occur during adulthood, and those that develop earlier in life. Adults often have schemas that were
acquired through accumulated experiences, and this serves to strengthen the links
between associated concepts, making them highly resistant to change. By contrast,
a child’s schemas are much more flexible and impressionable, making it much easier
to encode new information. While this is a key component that contributes to social
learning, it can also make children more vulnerable when exposed to aggressive
stimuli [24]. A child who observes a violent scene on TV will encode aggressive cues
without difficulty, and often without filter. The more the child is exposed to such
media violence, the more the links between concepts of aggression will be reinforced, and these aggression-related concepts will create additional links with other
concepts from memory. With frequent repetition of this process, activated aggressive schemas will expand, become chronically accessible, and resistant to change.
Indeed, longitudinal studies have shown that children’s early hostile schemas
contribute to the stability and maintenance of later aggressive behaviors [25].
2.4 Normative beliefs
The term normative beliefs refers to an individual’s personal standard about the
appropriateness of particular social behaviors [26]. In other words, they serve to
determine which behavior is appropriate versus inappropriate in a given social
situation. They are distinct from social norms or perceived social norms, which are
the actual social consensus on a given social behavior or the individuals’ perception
of the existing social consensus, respectively.
Guerra et al. proposed that normative beliefs are acquired through a socialization process, which occurs with a primary caregiver, a significant reference group,
and through personal evaluation [27]. First, a child’s primary caregivers play an
important role for their social development and have an incredible influence,
especially on infants. Caregivers or parents are the usually the first source of
verbalized rules, normative beliefs, and social norms, which are quickly encoded
and integrated into early childhood cognition. They also contribute to the establishment of an infant’s personal normative beliefs. Second, children develop normative
beliefs through social exchanges with other individuals as well, such as peers,
extended family members, or a significant reference group. As a child interacts
within these networks of people, they can be easily influenced and may accommodate new rules, socials norms, and beliefs. Third, children construct normative
beliefs that are coherent with their own evaluative schemas. Briefly, this evaluative
schema contains a response evaluation, outcome expectancies, and a self-efficacy
assessment [11]. Respectively, these refer to an assessment of the quality of certain
morally- and value-based social responses (e.g., morally good vs. morally bad
responses), to personal opinions about the results of these responses (i.e., thoughts
about the consequences of these responses within the social realm), and to the
degree of confidence they have in their ability to successfully perform these behaviors and achieve a particular desired outcome (i.e., an assessment of one’s capacity
to successfully perform a chosen social response). It has been theorized that if a
child’s evaluative schema is biased toward aggression and/or hostility, then they will
develop normative beliefs that approve aggressive social responses. Furthermore,
these aggression-related normative beliefs are thought to crystalize over time, thus
promoting an increase in aggressive behavior throughout the lifespan. Indeed, it
has been found that aggressive children, as compared to their non-aggressive peers,
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will (1) evaluate aggressive responses more favorably [28, 29], (2) are more likely
to expect a favorable outcome if physical or verbal aggression is used [30–32], and
(3) feel more confident about their efficacy when performing behaviors that are
physically and/or verbally aggressive [31–33].
2.5 Negative social feedbacks
There is now empirical evidence supporting the fact that environmental factors
(such as witnessing acts of aggression) and emotion dysregulation (e.g., difficulty
in controlling one’s anger) are predicted by aggressive normative beliefs, and that
these beliefs predict subsequent aggressive behavior [34]. Furthermore, children
who engage in these acts of aggression may provoke aggressive tendencies in
others and thus create or stimulate an aversive environment. Within this hostile
atmosphere, children often exchange negative social feedback, which only serves to
reinforce aggressive normative beliefs and behaviors (also referred to as a “self-fulfilling prophecy effect”). As this pattern repeats itself, it becomes of a vicious cycle
of aversive environmental triggers, aggressive cognitions, and aggressive behavioral
responses [35].
2.6 Executive functions and early aversive environments
Executive functions are higher order cognitive abilities that are responsible for
the regulation of thoughts, emotions, and actions [36, 37]. While there are many
different ways to define or describe executive functioning, it is generally thought to
comprise (1) cognitive control of planning or organizing action(s), (2) monitoring
a series of responses [38–40], (3) divided attention or attentional control,
(4) abstract reasoning, (5) alertness, and importantly, (6) behavioral regulation
or inhibition [41–43]. A recent study that used a behavioral assessment of reactive
aggressive behavior (i.e., an emotion-driven impulsive act in response to a perceived
threat) found that the degree to which a participant could inhibit their responses
(also known in cognitive psychology as “response inhibition”) was the strongest
predictor of reactive aggression. This finding held when compared to other cognitive processes such as working memory, cognitive flexibility, and attentional control
[43, 44]. For this reason, when examining early childhood factors that play a role
in the development of aggressive behavior, we have placed an important focus on
cognitive processes that relate to inhibition.
As previously mentioned, inhibition is an executive function that allows a
person to inhibit a dominant response [45]. It has primarily been linked to brain
function involving the prefrontal cortex (PFC). Many neurocognitive researchers have shown that child maltreatment can affect specific brain regions within
fronto-limbic networks [46–50]. The implicated brain regions include the PFC,
the orbitofrontal cortex, the anterior cingular cortex, and the amygdala [46, 48,
50, 51]. According to the “Interactive Specialization model” by Johnson [52], some
cortical regions, which are responsible for neuronal maturation and specialization,
become functionally efficient by having sufficient neural activation. It is possible
that maltreatment in infancy disturbs these activations. Also, increased density of
glucocorticoid receptors due to early life stress (such as maltreatment in infancy) is
theorized to negatively affect the early maturation of the PFC [53].
2.7 Inhibition and the social environment
Numerous studies have demonstrated that impaired inhibitory control interacts with the cognitive functions involved in processing social information. More
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specifically, both the interpretation and response decision steps have been linked
to deficits in inhibitory control, which predicts aggressive behavior [54–58].
Difficulties in inhibiting hostile schemas may lead children to habitually interpret
others’ behavior as being hostile (hostile attribution bias), and low inhibitory control increases the probability of choosing the most salient and dominant response
(e.g., behavioral aggression).
From an evolutionary-developmental perspective, low inhibitory control is not
necessarily considered as an impairment in cognitive function, but rather a form
of adaptation amidst an unstable environment [59, 60]. For example, one study
found that individuals who grow up in harsh and unpredictable environments (e.g.,
dangerous, crime-ridden neighborhoods) prefer smaller immediate rewards over
larger future rewards [61]. In other words, within dangerous and unstable environments, a preference for immediate rewards may be more adaptive than a preference
for delayed rewards in an uncertain future [62]. From this perspective, inhibition
would be an inefficient function, as it prevents people from taking advantage of
immediate benefits [63]. Therefore, it is possible that early childhood adversity
decreases inhibitory control in order to help a child better adapt to particular
environments, which may explain the relationship between low inhibitory control,
uninhibited aggressive behaviors, and early adverse social experiences.
Taken together, a solid literature links early social adversity in childhood to
aggression, and this happens through socio-cognitive mediators such as aggressive
schemas, normative beliefs that support aggression, and low inhibitory control. It
is important to note, however, that childhood adversity is one of many risk factors
related to aggressive behavior, and adverse social experiences in early age does not
necessarily lead to aggressive behavior in adulthood. In the following section, we
will discuss other contributing social factors, how they interact with cognitive and
neurobiological function, and how they may serve to maintain aggressive behavior
over time.

3. Underlying factors that perpetuate impulsive aggression in adulthood
3.1 The neural substrates of impulsive aggression
In most social contexts, even those involving a conflict or altercation, an
impulsively aggressive act can result in unnecessary harm, serious injury, and even
death [64, 65]. Having the ability to implement and execute context-appropriate
regulation strategies will play an important role in shaping how a person will react
to stressors or unpredictable situations later in life. As previously mentioned,
human neuro-behavioral functioning is not solely influenced by early-life situational
factors. Individual differences in genetic disposition, cognitive ability and flexibility,
emotion regulation, and behavioral inhibition, as well as many other internal and
external factors, will all have major implications for a person’s capacity to have
healthy and adaptive interactions within the social realm.
3.2 The effects of cortical and subcortical neural imbalance
Much of what we presently know regarding the brain-behavior dynamics of
impulsive aggression was acquired from examining case studies of individuals who
suffered from brain trauma, neural lesions, or brain tissue damage due to illness or
disease [39]. A well-known example is that of Phineas Gage, a nineteenth century
railroad worker who survived a horrific accident whereby a large iron rod pierced
through his skull, destroying a large portion of his left frontal lobe. While this
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tragedy resulted in deleterious effects on his personality, social relationships and
general quality of life, it also served to enable ground-breaking discoveries in the
domain of neural specialization and functionality. In particular, the area damaged during the accident—the PFC—was subsequently linked to the regulation of
emotional states such as anger and impulsivity, as well as maladaptive behaviors,
like impulsive aggression [66].
Researchers examining the link between PFC function (or cortical regions, more
generally) and impulsive aggression have looked at various components of cognitive
processes such as executive functioning. Furthermore, neurochemical imbalances in
the level of the steroid hormones cortisol and testosterone, as well as fluctuations
in the modulation of neurotransmitters such as serotonin, have all been shown
to induce physiological changes in core affective and cognitive processing brain
regions, which have an important influence on the way an individual perceives and
acts in response to social threats [67].
3.3 Dysregulation of social behavior networks
The tendency to habitually respond to a perceived threat in an aggressive
manner is not governed by frontal brain regions alone; rather, it is thought to be
maintained by a complex interplay of cognitive, affective, and behavioral neural
systems [39, 68]. Researchers examining these mechanisms in relation to impulsive
aggressive urges and behaviors have proposed that a disruption in decision-making
and social-emotional information processing circuits is also a key contributor
[39]. From a cognitive neuroscience approach, it is posited that an imbalance in
top-down control (primarily governed by prefrontal brain regions) and activity in
subcortical areas responsible for “bottom-up” processes (i.e., “feed-forward” modulation of emotional, appetitive, as well as aggressive reactivity) leads to difficulties
in behavioral inhibition [68]. Abnormal activation in fronto-parietal regions may
enhance impulsive drives, such as the urge to respond aggressively to a social provocation [65, 69]. For example, in an examination of aggressive behavior in relation to
frontal-lobe functioning, Giancola and Zeichner used neuropsychological measures
to test young men in a social-provocation paradigm [42]. Results indicated that men
who performed poorly on the tests were significantly more aggressive toward peers,
as compared to those who performed better. The researchers proposed the possibility that diminished frontal-lobe functioning coupled with provoking external
conditions (e.g., social provocation) may lead to decreases in behavioral inhibition
and a heightening of aggressive reactivity [42]. This finding is further validated
by studies examining specific cognitive impairments linked to recurrent antisocial
behavior and the tendency to reoffend in criminal populations (i.e., recidivism).
A recent meta-analysis concluded that impairments in inhibition—the executive function that is particularly important for behavioral self-regulation and the
suppression of dominant impulses—were a significant predictor of future acts of
physical aggression and violent crime [70].
Researchers have also used functional magnetic resonance imaging (fMRI)
to examine neural activity within the social behavior network in real time (i.e.,
in vivo). Numerous studies have replicated evidence of critical interconnections
between frontal cortices, subcortical regions, and striatal brain regions in the maintenance of aggressive response patterns (for review, see [71]). The flow of activity
within these connections regulates emotional processing, which acts to modulate
behavioral reactivity [72, 73]. For example, in an fMRI study by Coccaro and
colleagues, brain regions that have previously been linked to impulsive aggression
were assessed for functional deficits [74]. Results indicated that individuals with
high aggressivity (as compared to healthy controls) showed greater activation in
117

Inhibitory Control Training - A Multidisciplinary Approach

the amygdala—a subcortical brain structure thought to play a key role in emotional
processing, threat detection, and in activating stress-induced behavioral response
[74–76]. Inversely, healthy controls showed greater activation in frontal regions
when viewing the emotional faces [74]. Similarly, Nomura [77] found that healthy
participants who viewed emotional images showed an inverse functional connectivity between the amygdala and brain regions thought to be responsible for integrating affective information, emotional valuation, and decision-making processes. By
contrast, individuals who met criteria for intermittent explosive disorder (a psychiatric disorder characterized by emotional dysregulation and pathological impulsive
aggression) failed to show such functional connectivity [71, 77]. The results suggest
that individuals who have difficulty regulating emotions and inhibiting aggressive
impulses may have impaired connectivity in the cortico-limbic pathway [71].
3.4 The influence of emotional reactivity within the social sphere
More recently, researchers have investigated the neural substrates of impulsive
aggression in relation to social situations that provoke negative emotional reactivity (e.g., feelings of anger or hostility, betrayal, jealousy, social exclusion or peer
rejection; [78, 79]). In addition to the importance of past social experiences, it has
been suggested that rejection is one of the most common precursors of aggression
and one of the most significant risk factors for adolescent violence [79, 80]. After an
incidence of social rejection, studies have shown that people fail to process situational information in an efficient and adaptive manner, which leads to reductions
in self-control [81].
The question of why some individuals respond to particular social exchanges
by increasing their efforts to gain acceptance or reconcile a conflict, while other
individuals tend to respond with increased aggression and acts of retaliation, is an
area of research that is still being explored. One such investigation, by Chester and
colleagues tested whether social rejection triggered aggressive reactivity through
heightened activation in areas of the brain associated with emotional pain or anger.
They further assessed whether individual differences in executive functioning
moderated this relationship [73]. Findings were consistent with socio-cognitive
models positing that for some individuals, social rejection triggers negative
emotional responses such as anger, which may lead to maladaptive cognitive
appraisals and deficits in decision-making strategies, thus triggering the impulse
to act aggressively [13]. Similarly, in a study that included healthy female and
male participants, Achterberg and colleagues investigated aggressive feelings and
behaviors in relation to negative social feedback [82]. Conjunction neuroimaging
findings from the study found greater activation in the right dorsal lateral PFC
during negative feedback (as compared to neutral feedback), which was significantly associated with shorter noise blasts (an index of lower levels of aggression)
in response to negative evaluations from peers. The results suggest that particular
areas within the PFC factor into the regulation of affective impulsive actions, such
as socially provoked aggression [82].
3.5 Social information-processing mechanisms
Pioneered by developmental researchers, such as Crick and Dodge [11], major
advances in our understanding of social behavior more generally have emerged
from studies on social cognition and social adjustment during childhood [83–85].
Over the last few decades, the social information-processing model (SIP; [11]) has
been extensively researched. It has paved the way for a better understanding of
how social cognitive constructs formed early in childhood can perpetuate a cycle of
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maladaptive behavioral response patterns throughout the lifespan [25, 86]. Indeed,
a considerable amount of evidence has supported a significant relationship between
deficits or difficulties in social cognitive processing and higher levels of aggressive
response patterns during social interactions [87, 88].
The general SIP model [11] (here, adapted for adults) proposes that when a
person enters a social situation, they are already primed with a set of biologically determined cognitive capacities and a history of social experiences that
are stored in long-term memory. Amidst an array of social cues, their ensuing
behavioral response is thought to be a function of how they have processed those
cues. In a sequential manner, it is hypothesized that the person begins the social
interaction by selectively attending to cues on both an internal level (e.g., related
to affective or cognitive processes) and external level (i.e., related to situational/
environmental stimuli). After encoding the cues, the person interprets them
according to a number of evaluative processes. They may filter the information in
accordance to their own personalized knowledge structures (i.e., mental representations that are based on similar social scenarios from previous experiences).
They may also make inferences and attribute intentions to the person(s) involved
in the interaction, and evaluate how they handled similar social exchanges in
the past. Next, they determine whether or not the strategies they used in the
past were successful in achieving the goal(s) that they had set out to obtain.
Depending on how they perceive their self-efficacy (i.e., self-assessment of past
performance) and the degree to which they deem past strategies successful, they
form predictions or expectations about the outcome of using a similar strategy in
the current situation [11].
After interpreting the situation, the person then proceeds by clarifying their
goals, while taking into consideration their desired outcome (e.g., settling a previous dispute, taking revenge for a past offense, asserting a sense of control or power,
etc.). This evaluation is thought to be highly influenced by the person’s present state
of arousal, which acts to orientate them toward achieving their goal. It is also at
this step that a person may revise their goals or find different strategies that may be
more appropriate to the current situation. In some circumstances, a quick response
is necessary and it may be more feasible to construct a new response strategy or readjust their outcome expectations. According to the SIP model, once a response has
been selected, the behavioral enactment ensues. However, a person may have difficulty or deficits in regulating the intensity of their affective arousal. If the person
is unable or unwilling to select or produce an adaptive response, then it is likely that
impulsive urges will interrupt the decision-making process and cognitive control
mechanisms. As is often the case with impulsive aggressive acts, when a breakdown
in inhibitory control occurs, withholding a potentially maladaptive response may
prove to be difficult or unattainable [89].
3.6 Integrating information-processing theories with complex dynamical
models
When factoring in that many social interactions involve a number of uncertainties and ambiguities (e.g., knowledge of the motivations or perceptions of the other
parties involved), it can be challenging to quickly process, generate, refine, and
select an appropriate behavioral response. For this reason, many information-processing (IP) models have been criticized for the rigidity of their linear structure and
lack of complexity in explaining actual brain function and activity (e.g., mechanistic explanations of dynamic neural systems, contingent features, nonlinear
connectivity as it happens in real time, etc.; [11]). Despite these shortcomings, IP
paradigms clearly have a heuristic value and one of the most effective applications
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of their principles are in providing a basic understanding of how active social cognitive processes may contribute to emotional and behavioral reactivity.
Since its original conception, the SIP model has been reformulated to reflect a
more complex, cyclical process, whereby multiple cognitive processes may occur
simultaneously and operate in a time-related sequence [11]. Some reformulated IP
models have made the distinction between information that is processed “online”
(working representations gathered from the immediate environment) and information that is processed “offline” (knowledge structures stored in long-term memory;
[25]). The online representations are hypothesized to contain information from
social cues that are encoded during the onset of interaction. Here, particular emotionally charged cues may evoke attentional biases that facilitate hostile attributions
[90]. In situations where missing or ambiguous environmental data occur, online
representations are thought to be supplemented or “filled in” by information taken
from stored knowledge structures [25].
This revised formulation demonstrates how active cognitive processes can be
directly influenced by previous social interactions. With repetition, these processes
may be conditioned over time, and thus serve as a control mechanism for a variety
of impulsive behaviors [11, 91, 92]. Indeed, if a person regularly evokes a particular knowledge structure (e.g., “Social encounters are inherently hostile”), then
“offline” information (e.g., “When someone gives me a dirty look, it means I need
to watch my back”) may repeatedly find its way into a person’s “online” representations (“They’re giving me that look. I won’t let them be the first to attack”).
Notably, personal motivations and expectations regarding social interaction are
multi-factorial. Furthermore, a person’s baseline affect (i.e., their current emotional state) will play a critical role, both in how the person is likely to interpret a
particular social situation and what they are likely to “select” as a response. Despite
the multitude of factors that may contribute to the maintenance of impulsive
aggression, one of the primary goals of this chapter is to examine and integrate
evidence-based knowledge on the control mechanisms involved so that a better
understanding may facilitate effective interventions.

4. Adaptation of inhibitory-control training in the treatment of
impulsive aggression
Although an impulsive response that is aggressive in nature may appear on the
surface as a simple disinhibited reaction to an internal or external trigger, the studies reviewed in the previous sections invite us to develop a conception of impulsive
aggression that is much wider. Here, we underline the person as being in constant
interaction with his or her social environment during the selection, or lack thereof,
of his or her behavioral responses. It is during his or her social interactions that all
the active social cognitive processes which underlie aggressive behaviors are being
played out. In addition, early interactions experienced in childhood are gradually
transformed into cognitive structures (e.g., hostile schemas or aggressive response
scripts) which reflect past experiences and continue throughout development. As
a person progresses into adulthood, these cognitive structures will influence his or
her emotional and psychological state and affect their responses in a given social
situation. This observation leads us to the necessity of placing ICT within the social
domain and to question how it may be adapted to the treatment of impulsive aggression. We will present the theoretical premises of ICT as an intervention model and
compare them with those of the SIP model of impulsive aggression. Thereafter, this
will allow us to identify possible options of ways to adapt ICT to the treatment of
impulsive aggression.
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4.1 Theoretical aspects of the ICT model of intervention and SIP model of
impulsive aggression
There exist several interventions that aim to reduce aggressive behavior, from
early intervention in children [93, 94] to comprehensive programs for nonclinical
adults [95, 96], to programs specific to individuals with psychopathology [97, 98].
Intervention programs are usually multimodal and are composed of an education
component [93], and modules that target self-control [99], cognitive distortion
modification [91], emotional regulation strategies [100], and the involvement of a
person’s environment [93]. For its part, with the aim of reducing behaviors that may
be harmful to a person’s health, ICT has taken place within the context of appetitive
behaviors such as abusive relationships with food or eating [101], alcohol [102],
drugs [103], and tobacco [104]. For some individuals, these behaviors have a significant reward value [105]. Although not specifically aimed at aggressive behavior,
ICT targets behaviors that share a common basis with aggressive behavior. Indeed,
appetitive behaviors [105] and aggressive impulsive behaviors [106] are characterized by a deficit of inhibitory control. It is therefore reasonable to believe that ICT
can serve as a complementary module to interventions that are usually offered for
the treatment of impulsive aggression.
ICT refers to a category of interventions in the form of cognitive training which
uses computer-based tasks, such as the stop-signal task or the go/no-go task, which
requires motor control functions to either restrain an action or cancel an ongoing
action [107]. This training aims to increase inhibitory control skills that regulate
appetitive behaviors. It is postulated that obesity and substance abuse are caused
both by a hyper-valuation of an appetitive stimulus and hypo-function of inhibition mechanisms [108]. The procedure generally involves training a person to
initiate an inhibition response to an external stimulus that visually represents the
appetitive stimulus (i.e. unhealthy food or beer images; [109]). Meta-analysis has
demonstrated a significant effect of ICT in the reduction of appetitive behaviors,
as measured in a laboratory setting (ad-libitum; [105]). For some behaviors, it has
been demonstrated to have generalized positive effects on the quality of a person’s
daily life (e.g., food intake; [110]). However, this has not been demonstrated for
all behaviors (e.g., alcohol consumption; [107, 111]). This result supports the need
to adapt ICT to the nature of certain impulsive behaviors. One of the mechanisms
of action postulated to account for the effects of ICT is the creation of a bottomup association between the appetitive stimulus and the inhibitory response that
bypasses the need for a more general inhibitory control [101, 112].
Although inhibitory control is an important part of the intervention to reduce
impulsive aggression behavior, several determinants are not accounted for within an
ICT-based intervention model. At the level of situational determinants, the aggressive response may occur as a result of an external stimulus, such as a social provocation, but it may also occur as a result of an internal stimulus. Internal stimuli
include the person’s cognitions and emotions. Among cognitive determinants, for
instance, when following an ambiguous social provocation, the interpretation that
the other person has hostile intentions can lead to aggressive behavior [85]. Among
emotional determinants, anger is well known as an internal state that can lead to
reactive aggression [113]. However, it can be claimed that many other negative
affective states, such as anxiety [114] or sadness [115], can also serve as an internal
trigger for aggression. It has been observed that certain thoughts or strong emotions can affect the information processes of a person in a social situation [90].
The person’s processing of information becomes incomplete or erroneous, and this
increases the risk that the person will respond aggressively [116]. Moreover, negative feedback from the social environment in response to aggressive behavior can
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maintain those erroneous cognitions and intensify the negative affect of the aggressive person [13]. Interventions resulting from the SIP model are therefore intended
to improve the accuracy and depth of a person’s information processing ability. It
also actively integrates the person’s environment, which enriches positive social
experiences that will ultimately change the way the person perceives the world and
processes social information [117]. Table 1 summarizes the main theoretical differences between the ICT and the SIP model of aggression.
4.2 Two-person neuropsychology
In terms of their theoretical premises, the ICT model and the SIP model may
seem, at first glance, to be incompatible. However, we believe that it is possible
to adapt ICT-based interventions to include the social domain. With this aim, we
propose a novel approach to intervention for impulsive aggression, and consider
a perspective based on two-person neuropsychology. Inspired by the two-person
psychology approach, we will use the expression “two-person neuropsychology”
in two ways. First, it refers to the idea that impulsive aggression occurs in the social
domain and that neuropsychological interventions should aim to improve social
information processes. The second meaning pertains to the transformation of cognitive structures within an individual with impulsive aggression, which we believe
requires input from the other. According to SIP models of aggression, a distinction
is made between two distinct components—“online situation-specific” and “offline
person-specific” [117]. With “two-person neuropsychology,” the first part would
involve interventions that target the cognitive processes which take place in specific
social situations, whereas the second part refers to interventions which target stable
cognitive structures of the person.
4.3 Implementation intention strategy in support of ICT
on cognitive processes
For individuals who are habitually aggressive, it has been shown that their social
information cognitive processing is dysfunctional and influenced by erroneous
cognitive structures [118]. In other words, the information being processed is
ICT model

SIP model

Postulated causal
mechanisms

Hyper-valuation of appetitive
stimulus, stimulus reward and
reward sensitivity
Temporary lessening of inhibition
function, which increases in
response to an appetitive stimulus

Incomplete or erroneous social
information processing
Hostile cognitive structures that may
interact with deficient executive
functions (which include inhibition)

Triggers

External stimulus (i.e. smelling and/
or viewing food or alcohol)

External (i.e., social provocation) and
internal (i.e., negative affective state,
such as anger) stimulus

Behavioral
Maintenance Factors

Reward value of the appetitive
stimulus

Negative social feedback

Postulated
mechanisms of action

Top-down inhibitory control skill
Automatic bottom-up association
(stimulus-stop)
Devaluation of stimulus, which
follows the inhibition of stimulus

More accurate and in-depth social
information processing
Positive social feedback from appropriate
social interactions

Table 1.
Comparison between the ICT and the SIP model of aggression.
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largely based on pre-existing cognitive structures rather than on actual cues that are
present in the social situation [13]. These structures lead to an automatic processing of the situation, which prevents the person from processing other relevant
information which may be helpful in deciding the appropriate course of action in a
given social situation [16]. Therefore, there is a link between a social situation and a
cognitive process that appears conditioned by past experiences [119]. For example,
a person who has been exposed to hostile situations in different social contexts
during his or her development will be inclined to encode hostile information to the
detriment of other non-hostile cues. Over time, this process becomes spontaneous
and automatic [12]. For this reason, we believe that it is necessary to disengage the
aggressive person from his erroneous cognitive processes, and help him or her to
develop new associations between the same social situation and a new cognitive
process. Given that ICT uses an external stimulus, and the automatic response
which is targeted during training involves motor function, we recommended finding a comparable therapeutic strategy that would broaden ICT intervention targets.
We feel that implementation intentions can serve this purpose. “Implementation
intentions” is a self-regulation strategy that aims to help a person achieve their
goal by implementing a series of behavioral steps. This includes (1) ensuring that
behaviors are put in place in a specific situation, (2) these behaviors are designed
to help the person achieve a desired goal which is planned in advance, and (3) the
behaviors should take place automatically as soon as the situation is met [120–123].
This technique is based on an “if-then” contingency, where “if ” represents the situation and “then” represents the response. The advantage of implementation intentions in relation to ICT is that the situation can be both external and internal, and
the response can be modified and improved at any stage in the cognitive processing
of social information. Also, this technique does not require lengthy training. For
the most part, the focus is on verbalization and visualization of a plan. During
these verbalization/visualization sessions, the person determines precisely all the
elements of the situation which afford an opportunity to execute the plan. They
also determine how they will act or respond cognitively in this particular situation.
This strategy makes it possible to create new associations between a stimulus and
a response, and in this respect, it appears compatible with one of the postulated
mechanisms of action of ICT (e.g., creation of automatic bottom-up association).
This association circumvents the necessity to make use of a general inhibitory
control skill because the will of the person is delegated to the situation. Once
established, such an association happens automatically (or quickly), efficiently,
and without awareness. Also, because it is determined and planned in advance,
the “if-then” plan represents an action restraint in which the decision to inhibit is
made from the onset. As such, it is not an action cancelation, whereby the decision
to inhibit occurs after implementation of the dominant response. This allows for
cognitive processes to be similar to those running during a go/no-go task—the task
that appears to be the most effective among ICT tasks [124].
4.4 Adaptation of ICT applied to impulsive aggression
Applied to impulsive aggression, the first step in implementing intentions
would be to make an assessment of the person who is impulsively aggressive, and
determine whether there are steps in the cognitive processing of social information which may be contributing to their aggressive behaviors. Subsequently, one
can imagine that it is possible to plan if-then-type strategies for the step that is in
question. Given that erroneous cognitive processing related to impulsive aggression
mostly concerns the first steps in SIP [116, 117], the following discussion will be
applied to the encoding, interpreting, and goal selecting processes.
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Imagine the following social situation: you are at work and you receive a
comment from one of your colleagues about your work. Based on an ICT model of
intervention, this (or a similar situation) could make use of computer tasks during the training phase. At the level of the encoding step, the task could be similar
to a dot-probe task [125], which is often used in research to measure attentional
biases toward hostile cues in an aggressive person. The task is to present a pair of
faces (both hostile and neutral) above and below a central point, which is followed by an arrow that points to the right or left in the upper or lower part of the
screen. After viewing the presented cue, the person must indicate as quickly as
possible in which direction the arrow was pointing. A hostile attentional bias is
characterized by a shorter reaction time for arrows that appear where an angry
face was presented, as compared to where a neutral face was presented. With the
help of implementation intentions, a person might want to develop an if-then plan
to encode more non-hostile cues into a situation where they receive feedback from
a colleague. This plan would aim to create a new association between “a colleague
made a comment about my work” and the attention directed toward non-hostile
cues, such as “my colleague’s facial expression.” More specifically, during the
training with the dot-probe task, the implementation intentions would aim at
encoding non-hostile faces such as, “When the pair of faces appears on the screen,
I will only pay attention to the neutral face.” Such training could be generalized
thereafter to real-life situations (e.g., “When my colleague makes a comment
about my work, I will try to pay attention to his facial expression and see if he is
actually criticizing me”).
At the level of interpretation, the task could be an adaption of the “Hostile
Expectancy Violation Paradigm” [126, 127], which involves a written scenario
containing initial sentences that are used to establish a hostile versus non-hostile
context, during which a character simultaneously commits an ambiguous
behavior directed at the reader. These sentences are then followed with a third
sentence that ends with a word informing the reader of the nature of the character’s underlying intention for his or her behavior. The person would then be
asked to guess the intention of the character before the presentation of the last
word. Following a non-hostile context, a hostile interpretation of the character’s
ambiguous behavior would indicate a hostile attributional bias. With the help
of implementation intentions, a person might want to develop a plan in order to
interpret a colleague’s comment about their work in a non-hostile manner. More
specifically, during the training with the Hostile Expectancy Violation Paradigm,
the implementation intentions would aim at interpreting non-hostile intention
behind behaviors such as “When I read the intention sentence in which the last
word reveals the intention of the character, I will think about a word that refers to
a non-hostile intention”. Again, such a training could be generalized thereafter to
real-life situations (e.g., “When my colleague makes a comment about my work,
I will try to think that my colleague did not make the comment with malicious
intent”).
Finally, in terms of goal selection and the emotions that accompany it, one can
imagine that ideally, the plan is that the person does not act aggressively before the
negative emotion has lessened. With the help of implementation intentions, a person might want to develop a plan to stop an impulsive behavior while experiencing
a strong negative emotion. More specifically, during the training with the Hostile
Expectancy Violation Paradigm (or other similar scenarios whereby a person could
be asked to imagine his or her emotional response following a social provocation),
the implementation intentions would aim to execute alternative behaviors to anger
outbursts, such as “When I read the social provocation and I imagine that I feel
anger toward the character, I will stop my reaction, breathe deeply and assess my
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level of anger. I will continue breathing or leave the place if my anger is still high.”
Again, such training could be generalized to real-life situations (e.g., “When my
colleague makes a comment about my work, I will stop my reaction, breathe, assess
my anger on a scale, and then wait until my anger has diminished before responding
to my colleague”).
4.5 Long-term interventions on hostile cognitive structures
We end this section with interventions that target the cognitive structures
of aggressive individuals. We believe that only positive interactions with others
or mid- to long-term psychotherapy can gradually change these relatively stable
cognitive structures. In addition to cognitive therapy [128], several psychotherapy approaches have been proven effective in helping aggressive persons via
the transformation of their mental structures. In order to prevent an impulsive
behavioral response to an unconditioned experienced emotion, some interventions are designed to help individuals with mental elaboration (symbolization)
of the emotional experience instead of acting out the emotion. The mental
elaboration of the emotional experience makes the experience more tolerable and
facilitates the development of more complex cognitive structures [129]. Other
approaches aim to make individuals aware of their inner relational world, which
influences their perceptions of people and the way they feel and relate to them
[130]. When considering all the factors that are at play in an individual’s mental
life, we discover a multitude of social motivations that can contribute to acts
of aggression, as well as psychological issues that may be associated with these
behaviors [131]. A better self-awareness of these motivations and psychological
issues could help aggressive persons transform their social cognitive structures.
Finally, it is recommended that these interventions be accompanied by the
development of positive relationships in real life. Marriage, family, or interpersonal therapies can support this goal, and new positive social interactions and
relationships are expected to help change existing maladaptive hostile cognitive
structures.

5. Conclusion
We have demonstrated the importance of social determinants in the development of hostile cognitive structures and the lack of inhibition in children. We
have also demonstrated the cerebral connectivity underlying aggression in adults
and its influence on the processing of social information. This has prompted us
to want to adapt ICT and incorporate social cognition into its scope, which has
thus far remained limited to the domain of motor control. We have proposed that
implementation intentions strategy represents an intervention that is promising
in achieving this goal. We believe that ICT adapted to the social field represents a
promising therapeutic avenue to help people who suffer from impulsive aggression. However, this chapter is only a first step in this direction. We hope that
this chapter can shed light on the issue of ICT in the treatment of impulsive
aggression, and that it can stimulate both a theoretical debate and the realization of empirical study on the effectiveness of ICT in the treatment of impulsive
aggression. On a daily basis, humans are in continual interaction with each other.
There is little doubt that society would greatly benefit from interventions that are
based on a better understanding of how internal knowledge structures serve as
cognitive control mechanisms that perpetuate a cycle of impulsively aggressive
behaviors.
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Edited by Sara Palermo and Massimo Bartoli

Inhibitory control is a critical neurocognitive skill for navigating cognitive, social,
and emotional challenges. It rapidly increases during the preschool period and is
important for early cognitive development, as it is a crucial component of executive
functioning, self-regulation, and impulsivity. Inhibitory control training (ICT) is
a novel intervention in which participants learn to associate appetitive cues with
inhibition of behavior. It is being considered a promising approach in the treatment
of psychopathology and appetitive behaviors. This book aims to bring together
knowledge on the topic, considering research, clinic, and forensic field of intervention.
Indeed, this book can be considered an excellent synopsis of perspectives, methods,
empirical evidence, and international references.
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